
National Uranium Resource Evaluatior MASTER' 
VOLUME 1 

n SUMMARY OF THE 
GEOLOGY AND URANIUM POTENTIAL 

OF PRECAMBRIAN CONGLOMERATES 
IN SOUTHEASTERN WYOMING 

By: Karl E. Karlstrom 
Robert S. Houston 
Andrew J. Flurkey 
Carolyn M. Coolidge 
Anthony L. Kratochvil 
Cassandra K. Sever 

PREPARED FOR U.S. DEPARTMENT OF ENERGY 
ORAND JUNCTION OFFICE, COLORADO 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



- <  

.~hkqpxtb a raul~otwijmaomrb~vtbr h n h n n h  of ~ & m S ~ ~ a  a ~ l ~ + % i  ~ ~ ~ s h i b ~ ~  , 

Gtpt.wta3n SMW~&W~ - a s 7 . ~  NSST;~SI Umwimi ~ p € & ' ~ ~ d & i +  w V ~ E  is a+twm. ai :. 
st@$ US4. B : i q r i ~  - E ~ w ! s  Ot@d J.uMIgn~11 G&&@B, &$@ r q~@+ i~p(,drsjp~le ~ * o  

' 

@&a ' f k t ~ i ~ r g w j t k L w h l I : t o  -qsa& .& ~ , P &  b$$ $ @ & b t i e a s ~ f  ~ i j j ~ m . m u r ~  . - , <  @.ie - 
< ,  

- i 

' bRM & a ~ 1 0 i : ~ l @ t 0 ~ ~ w : ~ ~ - e a u ' @  - .  b~+iycY;~% (k W1td. - * .  . : I . ' : ~ - ,  , I -  , . - . , -IT , 
" _ I ,  ' I <*. , I  L 8 C . A  - 

? * 
-&& : -. 1 + . - - .._ - ---- .  ,. - - - . - --- I _- _.._ 

.T& r w f i  was  TI&$&=& a s j h  qqzg~nnt- d Mnkw by q q w y  ofthe l f n k  @ o d . m w t ~  ; 
Mrii,ther ih ,UniW, $tatas G a Q w m n '  nQa my: a$&ctr . . ' *&  nwmy 'of %Wr m~~$we&$-mi&& &+ - . 

)-)  .., ;wqm@g?? & i ~ i & ,  agv- -~1,1~?a$-% iw& r%rnekq&.&i ~~~~ ,v,.i 

, 'a use$fuhws-~ b y  $&7p&wf7 e9*, . ~ s ' i o r ~ ~ ~ ~  dybosed, ~ r ~ r & n : e  its tq6 _*kd . 
- naddf ingi  P T ~ ~ & ~ J Y  d d  nm. ~ & ~ a n m + ~ i k  sigrw ~gmi f i~~&mi -~~~&e ,  prwqqs, or e m .  ' 

. '% dr& nai&;traq$hfa?.k, ~ 5 @ & Z y ~ ~  ot.~,@,eq@~ doe$. nqg!+pmWib minsitt l~ i m h  @$ e r t d ~ ~ ;  . - - I 

.. . ,, hmt, ~ r k k n d a i ~ n ~  er ' %yolFing bg r)ae Uefied Sraiq~-pqvarn+rrt ?r a* 'a@nw t ~ ; ~ & - ' ' @ e w s  '., . 
- .st* Apini@rit df fi%hatc ex. ISi~dl  heMn z3a goil n&y3ly state, ,or mfhW - - - -  ofithe Un?%@ Stqfp ' - . 
:Xb$~mkmt,~~ any m ~ t h w & ~  , . 

1 -  



VOLUME 1 

A SUMMARY OF THE GEOLOGY AND URANIUM 

P0TENT:IAL OF PRECAMBRIAN CONGLOMERATES 

I N  SOUTHEASTERN WYOMING 

B y :  K a r l  E. K a r l s t r o r n  

R o b e r t  S. H o u s t o n  

A n d r e w  J. F l i r k e y  

C a r o l y n  M. C o o l i d g e  

A n t h o n y  L. K r a t o c h v i  1  

C a s s a n d r a  K. S e v e r  

. U N I V E R S I T Y  OF WYOMING 
FEBRUARY, 1 9 8 1 ,  

PREPARED FOR THE U.S .  DEPARTMENT OF CNCRGY 
GRAND J U N C T I O N  O F F I C E ,  'COLORADO 

UNDER CONTRACT NO. DE-AC 1 3 - 7 6 G ~ 0  1 6 6 4  
AND B E N D I X  F I E L D  ENGINEERING CORPORATION 

SUBCONTRACT 7 9 - 3 4 5 - E  
WORK DONE I N  COOPERATION W I T H  THE U N I T E D  STATES 

GEOLOGICAL SURVEY AND THE GEOLOGICAL SURVEY OF WYOMING 

I I DISCLAIMER . .I 

Neither the united Slaa  Government mr any a g c w  rhermf. mr anv of their emplww.  makerany 
warranty. express or implied. or amma any legs1 liabiliw or rwn r i b i l i t y  for the amraw. 
completeness. or u d u l n e ~  of any information. apparatu,. DrOdUCI. or process diwlow3. or 
r q r ~ e n t s  t ha  its UIC w l d  mr infringe primiely owned rights Reference herein 10 any m i l i c  
mmmercisi product, proem. or rrvice by trade mme. tdemart .  manufacturer. or otherwir, doel 
rlu! ,n-,i* mnriilvie or implv its worremeni. rmmmendaiion. or f a w r i q  by the Uniled 
stater ~owrnment  or any agency thereof. The viem and Opinion% of authors e x p r s d  herein do MI 
neceoarilv stateor rsllml ~hnu,nf !ha l l n i l a  Stetm Gnernmeni or m v  nsm theroof. 

~ B N ~ F  THIS DOCUMENT IS ufitfR!!@? 

/A 



,,, ,, 
;. ( ' I  

..:- , ; . . - c T r ; ~ ~ . ~ ; : p ~ G E '  , ,. ? .;" ,: : ' , :  fi : ; ! . i  " ; . :i. 
.. .,. ,! "; , i > ", .. . . 

WAS ;IN~TENTIO,NALLY 

LEFT BLANK 



Since 1975 a cooperat ive e f f o r t  between the  Uni ted States Depart- 

ment of  Energy, Un i ted  States Geological Survey, Geological Survey o f  

Wyom'i'ng, the  Geology Department, Univers i t y  of  Wyoming, and var ious  i n -  

dus t r y  groups has resu l ted  i n  the d iscovery o f  a se r ies  o f  uranium- 

thorium- and gold-bearing conglomerates i n  Late Archean and Ear l y  Pro- 

t e rozo i  c' metasedimentary rocks o f  souxhern Wyoming. The minera l  de- 

p o s i t s  were found by app ly ing  the t ime and s t r a t a  bound model f o r  the  

o r i g i n  o f  uranium-bearing quartz-pebble conglomerates t o  favorab le  rock 

types w i t h i n  a geo log ic  t e r rane  known from p r i o r  regional  mapping. 

No minera l  .deposi:ts have b e e n  discovered I l l d l  dime o f  c u r r e n t  

(1981) economic i n t e r e s t ,  bu t  p re l im ina ry  resource est imates determined 

by the K r ig ing  method o f  o re  reserve es t ima t ion  and an:ore-grade cu t -  

o f f  o f  100 ppm i n d i c a t e  t h a t  over 3418 tons o f  uranium and over 1996 

tons o f  thor ium are  present i n  the Medicine Bow Mountains and t h a t  

over 440 tons of  uranium and 6350 tons o f  thor ium a re  present i n  the  

S i e r r a  Madre. Sampling has been inadequate t o  determine go ld  resources. 

High grade uranium deposi ts  (deposi ts  over 2 meters t h i c k  and averaging 

over  1000 ppm uranium) have not  been detected by work t o  date bu t  l oca l  

beds o f  uranium-bearing conglomerate con ta in  as much as 1380 ppm uran- 

ium over  a th ickness o f  0.65 meters. This  p r o j e c t  has invo lved geolog- 

i c  mapping a t  scales from 1/6000 t o  1/50,000 d e t a i l e d  sampling, and the 

eva lua t i on  o f  48.diamond d r i l l  ho les,  but  the area i s  too  l a r g e  t o  f u l -  

l y  e s t a b l i s h  L h r  economic p o t c n t i a l  w i t h  our  present in fo rmat ion .  

Uranium-thorium-gold bear ing quartz-pebble conglomerate i s  present 

i n  the  Jack Creek Q u a r t z i t e  o f  t he  Late Archean Phantom Lake Metamorphic 



S u i t e  and the Magnol ia Formation o f  t he  Ear ly  Pro terozo ic  Deep Lake 

Group i n  the  S i e r r a  Madre and Medicine Bow Mountains respec t i ve l y .  The 

bes t  developed and most cont inuous beds of  quartz-pebble conglomerate 

a re  i n  t h e  Jack Creek Q u a r t z i t e  o f  the northwest S i e r r a  Madre, where 

r a d i o a c t i v e  conglomerate crops n ~ ~ t  i n  the  over turned 1 imh nf e major 

f o l d  f o r  a d is tance o f  13 k i lometers .  Unfor tunate ly ,  the  wel l -develop-  

ed quar tz-pebble conglomerates o f  the  Late Archean Jack Creek Q u a r t z i t e  

a re  a thor ium r a t h e r  than a uranium resource w i t h  thor ium t o  uranium 

r a t i o s  averaging 6.99. The geochemistry o f  pr imary thorium-uranium 

minera ls  i n  the Jack Creek Q u a r t z i t e  i n d i c a t e  t h a t  these minera ls  a r e  

mix tures  o f  a thor ium-bear ing monazite and the thor ium s i l i c a t e  h u t t o n i t e .  

These minera ls  a long w i t h  monazite, z i r con ,  and p y r i t e  a re  the p r i n c i p a l  

heavy minera ls  i n  the  Jack Creek Q u a r t z i t e .  The thorium-uranium minera ls  

o f  t he  Jack Creek Q u a r t z i t e  a re  be l i eved  t o  have been der ived from 2800 

m.y. o r  o l d e r  Archean gneiss and g r a n i t e  o f  the  Wyoming Province. 

Paleocurrent  determinat ions i n  the Jack Creek Q u a r t z i t e  suggest a n o r t h e r l y  

source. 

I n  con t ras t  t o  the Jack Creek Q u a r t z i t e ,  the Ear ly  Pro terozo ic  

quar tz-pebble conglomerate o f  the Magnolia Formation o f  the  Deep Lake 

Group o f  t h e  Medicine Bow Mountains conta ins  minera ls  r i c h e r  i n  uranium 

and has an average thor ium t o  uranium r a t i o  o f  2.49. The most promis ing 

depos i ts  i n  the Magnolia Formation are  i n  a three square m i l e  area near 

t he  v i l l a g e  o f  A r l i n g t o n  i n  the  nor theas tern  Medicine Bow Mountains. 

Here uranium-bearing quartz-pebble conglomerate i s  i n  the southwest 

p lung ing  nose and i n  the  complexly f o lded  and over turned northwest l imb"  



o f  a major sync1 ine. The p r i n c i p a l  uranium minera ls  i n  the  ' ~ r l  ing ton  

l o c a l i t y  a re  u rano tho r i t e  and c o f f i n i t e  and uranium i s  a l s o  present  i n  

lesser  amounts i n  monazite, z i r con ,  and monaz i te -hu t ton i te  mix tures  

s i m i l a r  t o  the p r i n c i p a l  uranium-thorium-bearing minera ls  o f  the  S i e r r a  

Madre. The heavy minera l  s u i t e  i s  much more complex i n  t he  Magnolia 

Formation than i n  the Jack Creek Q u a r t z i t e  and conta ins minera ls  such as 

i l m e n o r u t i l e  and columbi te t h a t  a re  almost c e r t a i n l y  from a g r a n i t i c  

source. P y r i t e  i s  the  most abundant heavy minera l  i n  bo th  the Medicine 

Bow and S i e r r a  Madre occurrences. No r e l i a b l e  pa leocur ren t  measurements 

have been obta ined i n  the quartz-pebble conglomerate beds o f  t he  Magnolia 

Formation bu t  paleocurrent  determinat ions i n  o v e r l y i n g  q u a r t z i t e s  suggest 

a nor theas t  t o  n o r t h  source. Inasmuch as the  Magnolia Formation i s  be- 

l i e v e d  t o  have been deposited a f t e r  i n t r u s i o n  o f  uranium-r ich Late Archean 

g ran i tes  (2500-2600 b.y.) o f  t he  Wyoming Province, these g r a n i t e s  o f  cen- 

t r a l  and eastern Wyoming are  considered t o  be the  source o f  uranium- 

bear ing minera ls  o f  the quar tz-pebble conglomerate. The d i f f e r e n t  source 

rocks o f  the Late Archean quartz-pebble conglomerate and Ear ly  P ro te rozo i c  

quartz-pebble conglomerate a re  c r i t i c a l  i n  t h a t  they determine the  econo- 

mic p o t e n t i a l  o f  the  conglomerate. 

I n  bo th  the S i e r r a  Madre and Medicine Bow Mountains rad ioac t i ve  

quartz-pebble conglomerate i s  e i t h e r  a t ,  o r  near, the  base o f  a sed i -  

mentary succession t h a t  l i e s  unconformab.ly on o l d e r  rocks. The quar tz-  

pebble conglomerate i s  be l ieved t o  have been deposited i n  b ra ided 

streams and r i v e r s  t h a t  developed i n  the v i c i n i t y  o f  t e c t o n i c  ( f a u l t -  

c o n t r o l l e d )  h ighlands.  Radioact ive quartz-pebble conglomerate, layers  



a r e  i n d i v i d u a l  beds o r  compound beds i n  coarse-grained q u a r t z i t e  and 

they occur a t  d i f f e r e n t  l e v e l s  i n  q u a r t z i t e  u n i t s  t h a t  a re  up t o  800 

meters t h i c k .  

The Jack Creek Q u a r t z i t e  of the S i e r r a  Madre i s  the  basal u n i t  

o f  a Late  Archean volcano-sedimentary succession, the Phantom Lake 

Metamorphic Su i te ,  t h a t  has a maximum thickness o f  4780 meters. 

The lower p a r t  ( ~ a c k  Creek ~ u a r t z i  te)  o f  the  Phantom Lake Metamorphic 

S u i t e  i s  a t ransgress ive  succession, which i s  f l u v i a t i l e  a t  i t s  base 

and grades up-secvlon l n t o  marine q u a r t z i t e ,  sch is t ,  and marbTe; the 

middle p a r t  o f  the  Phantom Lake Metamorphic S u i t e  cons is ts  o f  vo l can i -  

c a l l y - d e r i v e d  graywacke, paraconglomerate, and f lows and t u f f s  o f  b a s a l t i c  

and andes i t i c  composit ion; and the  upper p a r t  o f  the  Phantom Lake Meta- 

morphic Su i te  i s  l a r g e l y  q u a r t z i t e  o f  marine o r i g i n .  The Phantom Lake 

Metamorphic Su i te  i s  present  i n  both the S i e r r a  Madre and Medicine Bow 

Mountains, but r a d i o a c t i v e  quartz-pebble conglomerate i s  we l l  developed 

on ly  i n  t h e  S i e r r a  Madre. 

The Phantom Lake Metamorphic Su i te  rocks are  o v e r l a i n  unconformably 

by the  Magnolia Formation which i s  t h e  basal format ion o f  the  Ear ly  Pro- 

t e r o z o i c  Deep Lake Group. The Deep Lake Group cons is ts  o f  f i v e  forma- 

t i o n s  which are  most ly  o f  con t inen ta l  o r i g i n  i n  the Medicine Bow Moun- 

t a i n s  and are most ly  o f  marine o r i g i n  i n  the  S i e r r a  Madre. The upper- 

most format ion o f  the  Deep Lake Group i n  the Medicine Bow Mountains and 

S i e r r a  Madre i s  the  g lac lomar lne Vagner F o r ~ l ~ a L i u ~ ~ .  Radioact ive q u ~ r t z -  

pebble conglomerate o f  the basal Magnolia Formation i s  best developed 

i n  the eastern Medicine Bow Mountains; there  a r e  l oca l  lenses o f  rad io-  

a c t i v e  quartz-pebble conglomerate i n  the basal Magnolia Formation o f  

t he  S i e r r a  Madre. 



A younger Pro terozo ic  rock succession, the Libby Creek Group, i s  

i n  f a u l t  contact  w i t h  o l d e r  rocks ranging from Archean Basement t o  

rocks o f  the  Deep Lake Group i n  both the  Medicine Bow Mountains and 

S ie r ra  Madre. The Libby Creek Group i s  d i v ided  i n t o  lower and upper 

pa r t s  which a r e  separated from each o ther  by major f a u l t s .  The basal 

formations of the Lower Libby Creek Group, the  Rock Knol l  Formation 

and Headquarters Formation are g lac iomar ine deposi ts ;  these beds are  

o v e r l a i n  by a quartz i te-dominated rock succession t h a t  i s  i n te rp re ted  

as var ious fac ies  o f  a major de l ta .  The e n t i r e  Lower Libby Creek Group 

i s  well-developed i n  the Medicine Bow Mduntains, bu t  i n  the  S i e r r a  Madre 

thc  on ly  bods prcscnt  arc  q u a r t z i t e s  o f  the  d e l t a  fac ies .  

The Upper Libby Creek Group cons is ts  o f  th ree formations, the  Nash 

Fork Formation ( s t r o m t o l  i t i c  dolomite and g r a p h i t i c  p h y l l  i t e )  , Towner 

Greens tone (marine metavolcan ic t .?)  rocks) and the  French S l a t e  (norma 1 

marine s l a t e  and p h y l l  i te)  . These formations, which are  be1 ieved t o  

represent a marine carbonate bank and marine deposi ts  l a i d  down we1 1 

off-shore, a re  i n  f a u l t  contact  w i t h  under ly ing  rocks o f  the lower Libby 

Creek Group and are  thought t o  have been t ransported tec ton ica l  l y  some 

distance from t h e i r  o r i g i n a l  s i t e  o f  deposi t ion.  None o f  the formations 

o f  the Libby Creek Group conta in  s i g n i f i c a n t  uranium, and inasmuch as 

l oca l  beds o f  hemat i t i c  q u a r t z i t e  a r e  i n  the  French S la te  and o ther  

formations o f  the Libby Creek Group, i t  seems probable t h a t  u r a n i n i t e  

could not  have been t ransported as a d e t r i t a l  mineral  when beds o f  the 

Libby Creek Group were depos i ted. 

Archean g r a n i t e  cu ts  the rocks of the Phantom Lake Metamorphic 

Su i te  l o c a l l y ,  but  the most important igneous rocks i n  the Phantom Lake 

Metamorphic Su i te  and the  Ear ly  Proterozoic Deep Lake and Libby Creek 



Groups a r e  s i l l s  and d i k e s  t h a t  a r e  t h o l e i i t i c  i n  composi t ion.  These 

s i l l s  and d i k e s  range i n  compos i t i on  from u l t r a m a f i c  t o  m a f i c  and make 

up 10-15 percen t  o f  t he  a rea  u n d e r l a i n  by metasedimentary and metavo l -  

c a n i c  rocks.  

There i s  a  rough r e l a t i o n s h i p  between deformat ion,  metamorphism, 

and age o f  the v a r i o u s  r ock  successions. The rocks o f  t h e  Phantom Lake 

Metamorphic S u i t e  a r e  i s o c l i n a l l y  f o l d e d  and metamorphosed t o  a m p h i b o l i t e  

f a c i e s .  I n  b o t h  ranges beds a re  ove r t u rned  and a re  genera l  l y  recumbent 

i n  t h e  S i e r r a  Madre. Rocks o f  t h e  Phantom Lake Metamorphic S u i t e  a r e  

a l s o  a f f e c t e d  by l a t e r  de fo rmat iona l  events  t h a t  a f f e c t e d  younger rocks 

so t h a t  they  show ev idence  o f  mu1 t i d e f o r m a t i o n  i n  most areas.  Rocks o f  

t h e  Deep Lake Group a r e  genera l  l y  l e ss  deformed than Phantom Lake Meta- 

morphic  S u i t e  rocks ,  f o r  example, i n  t he  c e n t r a l  Med ic ine  Bow Mountains 

they  a r e  i n  broad,  open f o l d s .  Deformat ion o f  t h e  Deep Lake Group rocks 

i s  n o t  un i fo rm;  i n  some areas these rocks a r e  more severe1 y  deformed 

and f au l t ed ;  perhaps as a  r e s u l t  o t  even ts  r e l a t e d  t o  i s l a n d  a r c  c o i l i -  

s i o n  w i t h  t he  c r a t o n  d u r i n g  E a r l y  P r o t e r o z o i c  t ime.  L ibby  Creek Group 

rocks  a r e  i n  a  s t e e p l y  d i p p i n g  homocl ine which may be t h e  n o r t h e r n  l imb  

o f  a  ma jo r  s y n c l i n e  o r  s imp l y  a  homoc l ina l  success ion,  f a u l t e d  a t  i t s  

sou thern  border .  I n  genera l ' ,  Deep Lake Gro1.1p rocks and L ibby  Creek 

Group rocks  a r e  l ess  metamorphosed than rocks o f  the  Phantom Lake Meta- 

morphic  S u i t e ,  i n  f a c t ,  these  rocks a re  g reensch i s t  f a c i e s  i n  the  cen- 

t r a l  Medic ine Bow Mounta ins,  bu t  a re  h i ghe r  rank i n  o t h c r  areas.  

I n  o rde r  t o  unders tand the  geology and s t r u c t u r e  o f  t he  P r o t e r o z o i c  

metasedimentary rocks  o f  t h e  S i e r r a  Madre and Medic ine Bow Mountains i t  

i s  necessary t o  p o i n t  o u t  t h a t  these rocks t e r m i n a t e  a b r u p t l y  aga ins t  a  



major' east to northeast striking shear zone located in southeastern 

Wyoming and that south of this shear zone metamorphic rocks are eugeo- 

clinal facies. We believe that this shear zone is an area where island 

arcs located in what is now Colorado collided with a rifted margin of 

the Wyoming Province about 1700 m.y. ago. This collision is the major 

cause of deformation of the miogeoclinal Proterozoic metasedimentary 

rocks described above. The Proterozoic metasedimentary rocks were 

thrust over the older Phantom Lake Metamorphic Suite and '~rchean base- 

ment and finally were rotated to steeply dipping attitudes when the col- 

lision occurred. The rock succession is thus telescoped in this area 

and this factor along with syndepositional rifting accounts for t.he 

thick (maximum of 17,000 meters) metasedimentary and metavolcanic suc- 

cession preserved in southern Wyoming . 
The Late Archean-Ear ly Proterozoi c rocks of southern Wyomi ng are 

strikingly simi lar to the ~hessaion-~ivin~stone Creek Format ions and 

rocks of the Huronian Supergroup of southern Ontario, Canada. The 

stratigraphic position of uranium-bearing quartz-pebble co?glomerate is 

about the same in both areas, and we suspect the geologic history is 

somewhat similar. The Huronian Supergroup contains the economically. 

significant Bl ind ~i'ver-~ll iot Lake uranium-bearing quartz-pebble 

conglomerate, and the possibility that a similar deposit might be pres- 

ent in the United states, is of course, exciting. Such an occur- 

rence in Wyoming cannot be ruled out; it was not possible for this 

investigation to evaluate large areas covered by glacial drift where 

favorable targets might be present, and drilling programs completed 

for this report were not adequate to test all possible targets. 



However, a  reasonable appra isa l  based on cu r ren t  in fo rmat ion  i s  t h a t  

a l though t h e  r a d i o a c t i v e  quartz-pebble conglomerate o f  the Phantom 

Lake Metamorphic Su i te  represents the r i g h t  depos i t iona l  environment, 

i t  i s  o f  t he  wrong age and source f o r  economic uranium deposi ts .  

The r a d i o a c t i v e  quar tz-pebble conglomerate o f  the Magnolia Formation i s  

the  r i g h t  source and age, but  deposi ts  found t o  date are no t  as proximal 

a  f a c i e s  o r  perhaps no t  o f  a  h igh  enough energy environment t o  have 

economic concent ra t ions  of  uranium minerals .  
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Th i s  p r o j e c t  was undertaken t o  eva lua te  the uranium p o t e n t i a l  o f  

quar tz -pebb le  conglomerates i n  E a r l y  P ro te rozo i c  metasedimentary rocks 

o f  t he  Medic ine Bow Mountains and S i e r r a  Madre o f  southeastern Wyoming. 

Th i s  area was chosen f o r  s tudy because reg iona l  geo log i c  mapping and geo- 

chrono log ic  s tud ies   ouston on and o the rs ,  1968; H i l l s  and o t h e r s ,  1968) 

demonstrated t h a t  these metasedimentary rocks had many s i m i l a r i t i e s  t o  

uranium-bearing metasedimentary rocks i n  the B l i n d  R i v e r - E l l i o t  Lake 

area o f  Canada and t h a t  they were depos i ted  a t  a t ime i n  the e a r t h ' s  

h i  s t o r y ,  and i n  tec  ton i c  and sedimentary env i ronmen t s ,  f avo rab le  f o r  

the concen t ra t i on  and p rese rva t i on  o f  f o s s i  1 p l a c e r  uranium deposi t s  

( ~ o s c o e ,  1969; P r e t o r i u s ,  1976a, 1976b; Houston and Kar ls t rom,  1980). 

Th i s  s tudy inc ludes  t he  f o l l o w i n g :  

( 1 )  d e t a i l e d  geo log ic  mapping o f  metasedimentary rocks o f  b o t h  the  

2 
Medicine Bow Mountains and S i e r r a  Madre, an area o f  about 2000 km ; 

(2) s t r a t i g r a p h i c  and sed imento log ica l  s t u d i e s  w i t h  emphasis on 

u n i t s  c o n t a i n i n g  r a d i o a c t i v e  quar tz -pebb le  conglomerates; 

(3 )  r eg iona l  ' observa t ion  o f  mesoscop i c s t r u c t u r e s  throughout  t h e  

area and s t r u c t u r a l  a n a l y s i s  o f  t h e  geometry o f  major  f o l d  systems;. 

(4)  pa leocu r ren t  measurements i n  key s t r a t i g r a p h i c  u n i t s  t o  a i d  i n  

s t r a t i g r a p h i c  s tudy and t o  determipe source areas o f  m ine ra l s  i n  r ad io -  

a c t i v e  quar tz-pebbl  e conglomerates; 

(5)  r e g i o n a l  r ock  sampl i n g  on an approximate one m i l e  o r  smal l e r  

g r i d  and a n a l y s i s  o f  assays f o r  uranium, thor ium,  and o t h e r  se lec ted  

elements f o r  2989 su r f ace  and subsur face samples; 



(6) pe t rograph ic  and m ine ra log i ca l  s tud ies  o f  se lec ted  samples t o  

a i d  i n  gene t i c  s tud ies ;  

(7)  geo log ic  support o f  d r i  1 1  i ng  programs done on favorab le  horizons. 

Th is  inc luded:  s e l e c t i o n  and moni to r ing  o f  Bendix d r i l l i n g  s i t e s ;  logg ing  

and sampling of d r i l l  core;  and d e t a i l e d  geologic  mapping and rad iomet r i c  

surveying o f  d r i l l  s i t e  areas. Bendix d r i l l i n g  programs d r i l l e d  approxi -  

mately 5932 m (19,448 f e e t )  o f  rock; and p r i v a t e  sec tor  groups prov ided 

8088 m (26517 f e e t )  o f  core  and c u t t i n q s .  
. - 

(8) s t a t i s t i c a l  a n a l y s i s  o f  surface and subsurface geo log ic  and qeo- 

chemical da ta  f rom areas o f  p o t e n t i a l  economic i n t e r e s t  and determinat ion  

o f  uranium and thor ium resources. 

The above program i s  a subs tan t i a l  geo log ic  success i n  t h a t  a l l  the  

o b j e c t i v e s  were met and the southeastern Wyoming conglomerates now rank 

as an important  new occurrence o f  Precambrian uranium-bearing conglomerate, 

among r e l a t i v e l y  few such occurrences on our  p lanet .  However, the program 

has proven t o  be o n l y  a quest ionable economic success because grades o f  

uranium, thorium, 'and qo ld  m i n e r a l i z a t i o n  a r e  moderate and r a d i o a c t i v e  zones 

a re  r e l a t i v e l y  t h i n .  

Major sets of r a d i o a c t i v e  quartz-pebble conglomerate beds were d i s -  

covered and mapped i n  bo th  t h e  S i e r r a  Madre and Medicine Bow Mountains. I n  

the S i e r r a  Madre, r a d i o a c t i v e  conq lvmerate beds ( the  Deep Gulch ~nng lomera te)  

were discovered a t  t he  base of the Jack Creek Quar t z i t e  o f  the Phantom Lake 

Metamorphic Su i te  and were t raced about 13 km i n  sur face outcrop. Geosta- 

t i s t i c a l  work suggests t h a t  these beds con ta in  44'2 tons o f  U 0 a t  a c u t - o f f  3 8 
of 100 ppm and 6353 tons ThoZ a t  a c u t - o f f  o f  100 ppm. The depos i ts  there-  

f o r e  represent  a thor ium resource but  a re  n o t  a uranium resource f o r  the  near. 



f u tu re .  I n  the Medicine Bow Mountains, beds o f  r a d i o a c t i v e  conglcnn- 

e ra te  were discovered i n  both the Rock Mountain Conglomerate o f  the  

Phantom Lake Metamorphic S u i t e  and the Magnolia Formation o f  the  Deep 

Lake Group. Examination o f  sur face outcrops o f  quartz-pebble conglom- 

e ra te  and in fo rmat ion  from d r i l l i n g  suggests t h a t  r a d i o a c t i v e  zones i n  

the Rock Mountain Conglomerate a re  d iscont inuous,  l i m i t e d  i n  ex ten t ,  

and. are o f  no economic i n t e r e s t .  On the o the r  hand, r a d i o a c t i v e  quar tz -  

pebble conglomerate.beds i n  the Magnolia Formation o f  the Deep Lake 

Group have been located i n  i s o l a t e d  outcrops f rom Onemile Creek in- the 

nor theastern ked ic ine  Bow Mountains t o  South   rush Creek i n  the west- 

cen t ra l  Medicine Bow Mountains. These r a d i o a c t i v e  conglomerate beds 

o f  the Magnolia Formation probably under ly  an area 35 km long and 5-10 

km wide.' W i th in  t h i s  area the most r a d i o a c t i v e  conglomerate beds are 

present i n  the Onemile Creek area o f  the nor theastern Medicine Bow Moun- 

ta ins ,  i n  an area approximately 2.7 km long and one km wide. Th is  area 

conta ins  conglomerates w i t h  up t o  1620 pprn U and 1143 pprn Th., Two 

o ther  areas con ta  i n  rad ioac t i ve  cong lomerates. The Threemi l e  

Creek area (EMB-1 1 ) has tong lomerates w i  t h  up t o  365 pprn U and 344 pprn 

Th and the South Brush.Creek area (MB-9~) has conglomerates w i t h  up t o  
. . 

'77.8 ppm U'and 52 pprn Th. However, i n  both o f  these areas the radio-  

a c t i v e  zones a r e  t h i n  and d iscont inuous w i t h  a few i s o l a t e d  except ions. 

Examination o f  outcrops and l i m i t e d  d r i l l i n g  i n  o the r  p a r t s  o f  the  Medi- 

c i n e  Bow Mountains d i d  no t  reveal uranium- o r  thorium-bearing beds w i t h  

more than 100 pprn uranium o r  thorium. Based on t h i s  in fo rmat ion ,  the 

on ly  area i n  the Medicine Bow Mountains o f  p o t e n t i a l  economic i n t e r e s t  

i s  the Onemile Creek area, bu t  o the r  areas under la in  by r a d i o a c t i v e  .con- 



glomerates o f  t h e  Magnolia Formation cannot be re jec ted  e n t i r e l y  because 

ou tc rop  and d r i l l i n g  da ta  a r e  too l i m i t e d  f o r  economic appra isa l .  

The Onemile Creek area o f  the  Medicine Bow Mountains i s  est imated 

t o  con t a  i n  1801 tons U 0  and 1 106 tons ThoZ The minera l  i zed beds have 
3  8 

been mapped i n  d e t a i l  on the  sur face and 10 holes have been d r i l l e d  t o  

support  sur face study. M ine ra l i zed  beds o f  quar tz-pebble conglomerate a re  

be l i eved  t o  be r e l a t i v e l y  cont inuous throughout the  study area and average 

about 310 ppm U 0  and 290 ppm Thop, bu t  beds o r  composite beds con ta in ing  
3  8 

more- than 1000 ppm uranium w i t h  a  th ickness o f  6 t o  10 f e e t  a re  not present .  

Al though t h i s  area has subs tan t i a l  uranium resources t h a t  may be e x p l o i t e d  

i n  f u t u r e  years, the  c u r r e n t  low p r i c e  f o r  uranium (1980) and h igh  costs 

of min ing i n  a  hard rock  area of  t h i s  s t r u c t u r a l  complexity suggests t h a t  

these reserves w i l l  no t  be e x p l o i t e d  i n  the near f u tu re .  

Because o f  t h e  l a r g e  scope of t h i s  p r o j e c t ,  and the  r e a l i z a t i o n  t h a t  

d i f f e r e n t  readers w i l l  be i n t e r e s t e d  i n  d i f f e r e n t  l e v e l s  o f  d e t a i l ,  we have 

chosen t o  present  a somewhat segmented r e p o r t  u t i l i z i n g  as many summariza- 

t i o n s  as was p r a c t i c a l .  I n  f a c t ,  the  e n t i r e  f i r s t  sec t i on  i s  e n t i t l e d :  

"A summary of t he  geology and uranium p o t e n t i a l  o f  Precambrian conglom- 

e ra tes  i n  southeastern Wyoming." Th is  sec t i on  i s  designed t o  stand 

a lone and t o  p o i n t  ou t  the  h i g h l i g h t s  o f  the  southeastern Wyoming conglom- 

era tes  -- both geo log i ca l  and geochemical. This  sec t i on  combined w i t h  the  

i n t r o d u c t o r y  ma te r i a l ,  should be s u f f i c i e n t  f o r  the more casual reader. 

Sect ions I I  and I l l  a r e  more d e t a i l e d  d iscussions o f  the  qeoloqy o f  the 

Medicine Bow Mountains and S i e r r a  Madre respec t i ve l y ,  which emphasize the 

r a d i o a c t i v e  u n i t s .  Presenta t ion  and d iscusz ion  o f  r e s u l t s  from the d r i l l i n g  

program, p l u s  geochemical da ta  a re  presented i n  g rea te r  d e t a i l  i n  a 

separate volume e n t i t l e d  Volume 2:  rill-hble data, d r i l l - s i t e  geology and 



geochemical data from the study of  Precambrian uran i fe rous  conglomerates 

o f  the Medicine Bow Mountains and S i e r r a  Madre o f  southeastern Wyoming. 

D e t a i l s  o f  our g e o s t a t i s t i c a l  ana lys i s  o f  uranium and thor ium resources 

i n  southeastern Wyoming conglomerates a re  presented i n  Volume 3: Uran- 

ium assessment f o r  Precambrian pebble conglomerates i n  southeastern 

Wyom i ng . 

H l STORY 

Geologic study o f  the  Medicine Bow Mountains and S i e r r a  Madre began 

p r i o r  t o  the t u r n  o f  the century w i t h  reconnaissance.work done by the  

~ e r r i t o r i a l  Surveys ( ~ a ~ u e ,  1877) .  The f i r s t  mapping and s t r a t i g r a p h i c  

studies. were by A. C .  Spencer i n  the S i e r r a  Madre (spencer, 1904) and by 

E l l i o t  Blackwelder (1926) i n  the Medicine Bow Mountains. Both o f  these 

were reconnaissance studies,  bu t  Spencer's work was a remarkable accom- 

pl ishment i n  t ha t  he made a reg iona l  map o f  almost the  e n t i r e  S i e r r a  

Madre and h i s  r e p o r t  inc luded geologic  maps o f  a l l  important mines o f  

the d i s t r i c t  as w e l l  as a percept ive  c l a s s i f i c a t i o n  o f  and review o f  

the genesis o f  the  copper-bearing minera l  deposi ts .  Spencer d i d  h i s  

work i n  one f i e l d  season.July-October, 1902. 

Blackwelder made several v i s i t s  t o  the Medicine Bow Mountains from 

1916 t o  1925, bu t  h i s  pr imary work was done i n  b r i e f  (.6 weeks) v i s i . t s  

dur ing  these two seasons. Blackwelder mapped the d i s t r i b u t i o n  o f  meta- 

sedimentary rocks i n  the  c e n t r a l  Medicine Bow Mountains and made a care- 

f u l  study o f  the s t ra t i g raphy  o f  the  major metasedimentary rock sequence, 

now re fe r red  t o  as the  Libby Creek Group. Blackwelder 's  d e s c r i p t i o n  o f  

the metasedimentary rocks was deta i led  and he was the  ' f i r s t  t o  recognize 

the g l a c i a l  o r i g i n  o f  rocks bf the  Headquarters Formation and the  



s i m i l a r i t y  o f  rocks o f  the  L ibby Creek Group t o  the  Huronian Supergroup 

o f  the  Lake Super ior  Region. 

S i g n i f i c a n t  min ing  opera t ions  i n  both the  S i e r r a  Madre (copper) and 

Medic ine Bow Mountains (go ld )  ceased i n  the 1930s. and, w i t h  the  d e c l i n e  

i n  i n t e r e s t  i n  mines and prospects, geologic  s tud ies  were d iscont inued.  

I n  t he  e a r l y  1950s H.D. Thomas, S ta te  Geologis t  o f  Wyoming, recogniz ing 

t h a t  t he  pr imary gap i n  geo log ic  mapping i n  the  S ta te  o f  Wyoming was i n  

the  rocks o f  Precambrian age, proposed to, t he  Wyoming L e g i s l a t u r e  t h a t  

funds be appropr ia ted  t o  map the  rocks o f  Precambrian age, i n  t he  b e l i e f  

t h a t  new mapping might  s t i m u l a t e  prospect ing  f o r  minera l  deposi ts  o r  t h a t  

knowledge o f  Precambrian geology might he lp  i n  understanding the s t r u c t u r e  

o f  o i l - b e a r i n g  s t r a t a  o f  the  Wyoming basins. Th i s  proposal was approved 

and geo log i c  mapping began i n  1957 under the  d i r e c t i o n  o f  R. S.  Houston. 

Th i s  mapping program was undertaken by Houston and graduate students a t  

t he  U n i v e r s i t y  of Wyoming and some 8000 square k i l ome te rs  were mapped be- 

tween 1957-1468. The pr imary  e f f o r t  was i n  the Medicine Bow Mountains and 

S i e r r a  Madre and a geo log ic  r e p o r t  on the  Medicine Bow Mountains, which i n -  

c luded a map a t  a sca le  o f  1:63,360, was publ ished i n  1968 (Houston and 

o thers ,  1968). I n  a d d i t i o n ,  U n i v e r s i t y  o f  Wyoming theses were a v a i l a b l e  

on o the r  Precambrian areas and most t h e s i s  maps could be obta ined as open- 

f i l e  maps o f  the Geological  Survey o f  Wyoming. The most d e t a i l e d  maps 

o f  the  S i e r r a  Madre were those o f  Ebbett  (1970) which were even tua l l y  sum- 

marized a long w i t h  o ther  S i e r r a  Madre. s tud ies  i n  two repo r t s  (Houston and 

Ebbett ;  1977, and Houston and o thers ,  1975). 

A companion geochronologlc study o f  the  Medicine Bow Mountains was 

undertaken by F. A l l a n  H i l l s  o f  the  U n i v e r s i t y  o f  Minnesota and Yale Uni- 

v e r s i t y .  The r e s u l t s  o f  t h i s  study were summarized i n  two repo r t s   i ills 

3 2 



and others,  ,1968) and H i  1 1s and Houston (1979). Fur ther  geochronolog- 

i c a l  and geochemical s tud ies  o f  rocks o f  the S i e r r a  Madre were made by 

A l l a n  F. D i v i s  o f  the U n i v e r s i t y  o f  C a l i f o r n i a ,  San Diego ( ~ i v i s ,  1976, 

1977) . 
The above work es tab l ished the  framework o f  the  Precambrian geology 

and geochronology o f  southeastern Wyoming and bracketed the age o f  t h i c k  

metasedimentary and metavolcanic successions i n  the  nor thern  p a r t  o f  

both the  S i e r r a  Madre, and Medicine Bow Mountains as younger than about 

2700 m.y. and o l d e r  than about 1700 m.y. As Thomas had an t i c i pa ted ,  the  

geo log ic  s tud ies  d i d  lead t o  renewed i n t e r e s t  i n  the minera l  resource po- 

t e n t i a l  o f  the area and e x p l o r a t i o n  programs were undertaken by several 

mining companies i n  both ranges. 

In  the  1970s more d e t a i l e d  geologic  and geochemical s tud ies  were 

i n i t i a t e d  i n  the  Medicine Bow Mountains under the auspices o f  the  Uni ted 

States Geological Survey. Geologic mapping o f  f o u r  73 minute quadrangles 

was begun as p a r t  o f  a program t o  eva lua te  the p la t inum p o t e n t i a l  o f  the 

southern Medicine Bow Mountains. This  new mapping was under the d i r e c -  

t i o n  o f  R. S. Houston, U n i v e r s i t y  o f  Wyoming, and M. E .  McCallum, Colo- 

rado S ta te  U n i v e r s i t y  -- McCallum had been responsib le f o r  a s i g n i f i c a n t  

p a r t  o f  the  geologic  mapping o f  the  Medicine Bow Mountains i n  t he  1960s. 

O f  the four  geologic  quadrangles, Lake Owen i s  pub1 ished  o oust on and 

Orback, 1976), Albany i s  i n  e d i t o r i a l  stages, and mapping i s  complete 

f o r  Keystone and Overlook H i l l .  The Uni ted States Geological Survey 

has a l so  sponsored s tud ies  o f  the Sheep Mountain  ouston on, i n  press) 

and Savage Run ( ~ c ~ a l l  um, i n  p repara t ion)  areas o f  the  Medicine Bow 

Mountains, as p a r t  o f  proposed W i lderness Surveys. 
. . 

, . 



At  t h e  t ime o f  complet ion o f  the 1968 repo r t   ouston on and others,  

1968) on the  Medicine Bow Mountains i t  was known from a number o f  p r i o r  

s tud ies  ( ~ o u b i  n, 1954; Roscoe, 1957) t h a t  Precambrian conglomerates i n  

rocks o f  about t h e  same age as those i n  the  Medicine Bow Mountains con- 

t a ined  economic concent ra t ions  o f  go ld  and uranium. Furthermore, Houston 

and o the rs  (1968), 1 i k e  Blackwelder be fore  them (Blackwelder, 1935), were 

impressed by the l i t h o l o g i c  resemblance between the  rocks o f  the Deep 

Lake Group and L ibby  Creek Group o f  t he  Medicine Bow Mountains and meta- 

sedimentary rocks o f  the Huronian Supergroup i n  Canada -- metasedimentary 

rocks t h a t  conta ined uranium-bearing quar tz-pebble conglomerate. For t h i s  

reason, Houston and o the rs  (1968, p. 159) suggested t h a t  the  b e t t e r  sor ted  

conglomerates of the  Deep Lake Group ( the  rocks t h a t  most c l o s e l y  resembled 

ore-bear ing.  hor i z o n ~  i n  ~ a n a d a )  should be examined as a poss ib le  source o f  

go ld  and o the r  heavy minera ls .  Th.is suggest ion. received l i t t l e  a t t e n t i o n  by 

American g e o l o g i s t s  (an e x p l o r a t i o n  program of Gul f  O i l  Company i n  1969- 

1970 i s  repor ted  t o  have invo lved examinat ion o f  quartz-pebble conglomerate 

o f  , the no r the rn  Medicine Bow Mountains, bu t  geo log i s t s  were sent t o  more 

promi s i ng Canadian prospects be fore  the  work was completed) , but  Canadian 

g e o l o g i s t s  fami 1 i a r  w i t h  the Huronian (young, 1970) a l s o  suggested the  cor -  

r e l a t i o n .  I n  t he  e a r l y  1970s Stewart Roscoe, o f  the  Geo.logical'.Survey o f  

Canada, who had done much o f  the de ta i  l e d  geo log ic  study o f  the B l  i n d  River  

area i n  Canada, examined some conglomerates brought t o  h i s  a t t e n t i o n  by one 

o f  the authors  ouston on) and determined t h a t  they were s l  i g h t l  y rad ioac t i ve .  . 

To our knowledgei Roscoe was the  f i r s t  person t o  recognize the presence of 

r a d i o a c t i v e  conglomerates i n  southeas t e r n  Wyoming. 



I n  t he  S i e r r a  Madre r e p o r t  o f  1975 ma oust on and o thers ,  1975) 

a p o i n t  was made o f  the f a c t  t h a t  miogeocl ina l  metasedimentary rocks o f  

the S i e r r a  Madre a r e  l i t h o l o g i c a l l y  s i m i l a r  t o  rocks o f  the Deep Lake 

Group o f  the Medicine Bow Mountains. At  t he  t ime o f  the  S i e r r a  Madre 

repo r t  i t  was w ide l y  accepted t h a t  uranium-bearing minera ls  i n  Pre- 

cambrian p y r i t i c ,  quartz-pebble conglomerates were preserved because 

o f  the  lower oxygen pressure i n  the  Precambrian atmosphere t h a t  ex i s ted  

p r i o r  t o  about 2,000 m.y. (Cloud, 1968; Roscoe, 1973). Houston and 

o thers  (1975) again emphasized the  1 i t h o l o g i c  resemblance o f  t h e  S i e r r a  

Madre and Medicine Bow miogeocl ina l  rocks t o  the  Canadian Huronian, and 

suggested t h a t  a more d e f i n i t i v e  c o r r e l a t i o n  might  come from a d d i t i o n a l  

isotope s tud ies  ( a t  t h a t  t ime the metasedimentary rocks were known t o  

be younger than 2500 m.y. and o l d e r  than 1700 m.y. so a more c l o s e l y  

bracketed age was needed t o  demonstrate t h a t  the  metasedimentary rocks 

were o l d e r  than the  "magic" 2000-2200 m.y. oxygen pressure l i m i t )  o r  

from proof  t h a t  p y r i t i c ,  quartz-pebble conglomerate t h a t  seemed t o  char- 

a c t e r i z e  the  Ear ly  Pro terozo ic  (2500 m , ~ .  -2000 m . ~ . )  a r e  present  i n  the 

Wyoming succession. 

By 1975 proposals had been made t o  the Uni ted s ta tes  Geological 

Survey t o  undertake geologic  mapping' programs i n  both the Medicine Bbw 

Mountains and S i e r r a  Madre s p e c i f i c a l l y  des.igned t o  search f o r  heavy 

metal-bearing (uranium,gold, and thorium) conglomerates. These proposals 

were approved and work was begun i n  the S i e r r a  Madre as a cooperat ive 

program w i t h  the  Geological Survey o f  Wyoming i n  whish Fo r res t  Root o f  

the Geological Survey o f  Wyoming was p r i n c i p a l  i n v e s t i g a t o r  and Paul 

Gra f f ,  graduate student  a t  the U n i v e r s i t y  o f  Wyoming, was responsi b le 



f o r  f i e l d  s tud ies .  I n  the  Medicine Bow Mountains funding was obta ined 

by t h e  Un i ted  States Geological  Survey from the  Department o f  Ene'rgy t o  

expand a  w i lderness  study i n  t he  Snowy Range reg ion  o f  the  Medicine Bow 

Mountains and t o  emphasize t h e  search f o r  heavy metal -bear ing conglom- 

e r a t e .  The Medicine Bow study was under the d i r e c t i o n  o f  R. S .  Houston 

and the  major p o r t i o n s  o f  the f i e l d  work were done by Kar l  Kar ls t rom and 

Raymond Lanth ie r ,  then graduate students a t  the  U n i v e r s i t y  o f  Wyoming. 

Houston's geo log i c  work has had cont inued support from the  U. S. Geolo- 

g i c a l  Survey from 1975 t o  the  present.  

These programs were successful  i n  t h a t  r a d i o a c t i v e  quartz-pebble 

conglomerate was d iscovered by i ndus t r y  groups i n  the  Onemi l e  Creek 

area o f  t h e  Medicine Bow Mountains, i n  several  areas o f  the c e n t r a l  

~ e d i ' c i n e  Bow Mountains by the  Wyomirig group ( ~ i l l e r  and o thers ,  1977; 

Houston and o thers ,  1977; Kar ls t rom, 1977; Kar ls t rom and Houston, 1979a) 

and i n  the  nor thwestern S i e r r a  Madre by the Wyoming group ( ~ r a f f  and 

Houston, 1977; Houston and o thers ,  1979). 

I n  June and ~ u l y  o f  1978 the Bendix F i e l d  Engineering Corporat ion; prime 

c o n t r a c t o r  f o r  t he  Grand Junct ion  o f f i c e  o f  the  U. S. Department o f  Energy, 

i n i t i a t e d  a  subcontract  (78-222-E) t o  the U n i v e r s i t y  o f  Wyoming, under the 

d i r e c t i o n  o f  R. S. Houston, t o  study uranium i n  quartz-pebble conglomerates. 

Th i s  subcontract  was p a r t  o f  the  National Uran i um Resource Eva1 uat  ion  Program 

(NURE) and was p a r t  o f  a program (ca l  l e d  "Topical Studies ,I1 "World 

Class," and "Special P ro jec ts "  over t he  years)  t o  examine the  w o r l d ' s  

most important uranium o re  deposi ts  and t o  assess the  f a v o r a b i l i t y  o f  

f i n d i n g  such "world c lass "  depos i ts  i n  the Un i ted  States.  

Spec i f  i c a l  l y ,  t he  subcontract  c a l l e d  f o r  a  summarization, main ly  

from the  l i t e r a t u r e ,  of  a model f o r  t h e  genesis o f  Precambrian uranium- 
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bea r i ng  conglomerates and a d i s c u s s i o n  o f  t h e  sou theas te rn  Wyoming oc- 

cur rences w i t h  respec t  t o  t h i s  g e n e t i c  model. The r e s u l t s  were p re -  

sent~ed by   oust on and Ka r l s t r om (1980). 

D iscover ies  o f  su r f ace  r a d i o a c t i v i t y  i n  conglomerates were ve ry  

. promis. ing b u t  were n o t  p r o o f  o f  t h e  .presence o f  uran ium-bear ing con- 

glomerates o f  t he  B l  i n d  R i ve r -E l  1 i o t  Lake o r  W i  twa te r s rand  t ype  be- 

cause a l l  ou tc rops  a r e  leached o f  uranium and p y r i t e  and t h e  b e s t  

su r f ace  samples c o l l e c t e d  by t he  Wyoming group con ta i ned  no more than 

150 ppm uranium and 1000 ppm thor ium.  Numerous c u b i c  c a v i t i e s  cou ld  

be de tec ted  i n  t he  conglomerate m a t r i x  o f  t h e  more r a d i o a c t i v e  samples 

and t h e  conglomerate was i r o n - s t a i n e d ,  sugges t ing  t h a t  p y r i t e  had been 

leached f rom t h e  su r f ace  and t h a t  bo th  p y r i t e  and uranium m i n e r a l s  

m igh t  be abundant a t  depth. 

I t  was t h e r e f o r e  e s s e n t i a l  t h a t  d r i  1 1  i n g  programs be under taken t o  

determine i f  these were indeed p y r i t i c  qua r t z -pebb le  conglamerates and 

i f  they con ta ined  enough uranium t o  be o f  economic i n t e r e s t .  I n  t h e  summer 

- o f  1977, a p r i v a t e  company began a d r i  1 1  i n g  program i n  t h e  Onemile Creek ' 

area o f  t h e  Medic ine Bow ~ o u n t a i n s ,  d r i l l i n g  s i x  ho les  (EMB-1 ,  2, 3 ,  4, 

5 ,  6)  and i n t e r s e c t i n g  s t r o n g l y  r a d i o a c t i v e ,  p y r i t i c  conglomerates i n  t h r e e  

o f  them (EMB-1, 2, 6 ) .  At  about t h e  same t ime,  d r i l l i n g  was undertaken 

( f o u r  ho les )  by a p r i v a t e  s e c t o r  company (BOWS-], 2, 3 ,  and GH-1) on 

t h e i r  p r o p e r t i e s  i n  t h e  c e n t r a l  Medic ine Bow Mountains.  T h e i r  ho l es  

i n t e r s e c t e d  o n l y  m i l d l y  r a d i o a c t i v e  conglomerates.  At  l e a s t  one h o l e  

was a l s o  d r i l l e d  i n  t h e  c e n t r a l  Medic ine Bow Mountains by Rioamex, 

a d i v i s i o n  o f  R io  Algom Co rpo ra t i dn  (who own ex tens ive ,  i n t e r e s t s  i n  t he  

B l i n d  R i v e r - E l l i o t  Lake deposi ts)  d u r i n g  e i t h e r  t he  1977 o r  1978 season 
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b u t  t h e  d e t a i l - s  o f  t h i s  h o l e  a re  n o t  a v a i l a b l e  t o  us. I n  1978, an 

a d d i t i o n a l  f i v e  ho les  (EMB-7, 8, 9 ,  10, 11) were d r i l l e d  i n  t he  Onemile 

Creek area,  i n t e r s e c t i n g  s t r o n g l y  r a d i o a c t i v e  conglomerate i n  a l l  o f  

them. 

I n  1979, Bendix i n i t i a t e d  a second subcont rac t  w i t h  t h e  U n i v e r s i t y  

o f  Wyoming, w i t h  p r i n c i p a l  i n v e s t i g a t o r s  R. S .  Houston, K. E. Ka r l s t r om 

and L. E. Borgman, t o  con t i nue  g e o l o g i c  work i n  sou theas te rn  Wyoming, 

t o  p r o v i d e  geo log i c  suppor t  f o r  a h e l i c o p t e r  suppor ted,  d r i l l i n g  p ro -  

gram and t o  use geos ta t  i s t  i c a l  o fe - rese rve  c a l c u l a t  l v r ~  L ~ ~ ~ I I I  iqueb Lu 

come up w i t h  an e s t i m a t e  o f  t h e  uranium resources p resen t  I n  Preeam- 

b r i a n  conglomerates o f  southeastern Wyuinir~y. The Bendix d r i l l i n g  program 

had a s l i g h t l y  d i f f e r e n t  emphasis than i n d u s t r y  d r i l l i n g  programs. As 

p a r t  o f  t h e  Na t i ona l  Uranium Resource e v a l u a t i o n  program, Bendix was 

charged by the  U. S .  Department o f  Energy t o  assess t he  p o t e n t i a l  uranium 

resources i n  Precambrian rocks o f  southeastern Wyoming a t  grades over  

100 PPm U308 and t o  f o rmu la te  and t e s t  g e n e t i c  and e x p l o r a t i o n  models 

f o r  t h i s  type of uranium depos i t .  Th i s  necess i t a ted  d r i l l i n g  even 

m i l d l y  r a d i o a c t i v e  su r f ace  rocks t o  determine i f  they might  c o n t a i n  

ove r  100 ppm U3U8 i n  subsur face.  I t  a l s o  r e q u i r e d  t h a t  d r i l l i n g  t e s t  

ou t  r eg iona l  u n c o n f o r m i t i e s ,  e s p e c i a l l y  the  basal  P r o t e r v z o i c  uncon- 

f o r m i t y ,  which had been i d e n t i f i e d  by geo log i c  mapping. I n  1979, Bendix 

d r l  1 l e d  r i  f lue l l  l l v l es  i n  t h e  S ~ P I - r ~  Mar41-C. whcrc no subsur face in forma-  

t i o n  was y e t  a v a i l a b l e ,  and s i x  ho les  (MB-4, 5 ,  gR, 1 1 ,  13 ,  14) i n  

t h e  Medic ine Bow Mountains.  O f  these,  7 ho les  i n  t h e  S i e r r a  Madre 



i n t e r s e c t e d  p y r i t i c  and anomalous 1 y r a d i o a c t i v e  conglomerate (SM-1 , 

l A ,  2, . 3 ,  4A, 48, 9)  and one h o l e  i n  the  Medic ine Bow Mountains (MB- 

9R) i n t e r s e c t e d  s t r o n g l y  r a d i o a c t i v e  conglomerates. The Bendix d r i l l -  

i n g  program went uncompleted i n  1979 due t o  bad weather and severa l  

proposed ho les  were l e f t  e i t h e r  u n d r i l l e d  o r  incompleted. 

P r i v a t e  minera l  companies were a l s o  a c t i v e  i n  the  S i e r r a  Madre 

du r i ng  the  summer and f a l l  o f  1979. They d r i l l e d  f o u r  ho les  (JP-1, 

2, 3,  4) i n  the Deep Gulch area o f  t h e  nor thwest  S i e r r a  Madre on 

land which they had acqu i red  i n  a w i n t e r  s t a k i n g  e f f o r t  s h o r t l y  a f t e r  t h e  

d i s c o v e r i e s  o f  r a d i o a c t i v e  conglomerates near  Dexter Peak and Deep 

Gulch were announced by Graff  and Houston (1977) through t he  U. S. 

Geolog ica l  Survey. A l l  o f  these ho les  i n t e r s e c t e d  p y r i t i c  conglomerate 

. b u t  uranium con ten ts  were g e n e r a l l y  low. 

I n  t he  summer o f  1980, Bendix completed t h e i r  d r i l l i n g  program, 

p r o v i d i n g  addi  t i o n a l  fund ing  t o  t he  Wyoming group f o r  geo log i c  support  

o f  the  d r i l l i n g  program and a d d i t i o n a l  t ime  so t h a t  geo log i ca l  and 

g e o s t a t i s t i c a l  s t u d i e s  cou'ld i nc l ude  r e s u l t s  f rom the  1980 program. 

Or~e dddi  L i u r ~ a l  l ~ o l e .  was d r l l  l e d  I n  the S i e r r a  Madre ( S M - 2 ~ )  , t o u r  new 

ho les  (MB-10, 15, 16, 17) were d r i l l e d  i n  t h e  Medicin'e Bow Mountains 

and two uncompleted ho les  (MB-4, 11) were deepened i n  t h e  Medic ine Bow 

Mountains. O f  these, t h e , h o l e  i n  t he  S i e r r a  Madre (sM-2D) and one 

h o l e  i n  t he  Medic ine Bow Mountains (MB-16) i n t e r s e c t e d  p y r i t i c  and 

r a d i o a c t i v e  conglomerates. 



A d d i t i o n a l  da ta  on Precambrian rocks i n  bo th  mountain ranges were 

o b t a i n e d  f rom two deep ho les  d r i l l e d  t o  t e s t  f o r  o i l  and gas. I n  

t h e  w i n t e r  o f  1979, a 4573 f oo t  deep h o l e  was d r i l l e d  i n  t h e  no r theas te rn  

Medici.ne Bow Mountains spudding i n  Quaternary depos i t s  which conceal 

Precambrian rocks  o f  t h e  Vagner Format ion i n  the hanqinq w a l l  o f  t h e  

A r l i n g t o n  t h r u s t  f a u l t  and hoping t o  pene t ra te  t he  t h r u s t  and t e s t  

Mesozoic r e s e r v o i r s  i n  t h e  f o o t w a l l .  D r i l l i n g  was d i scon t i nued  a t  

4573 f e e t  i n  ~ r e c a m b r i a n  q u a r t z i t e s .  

Another deep o i l  and gas tesL was d r i l l e d  by C and K Petroleum 

on t h e  west f l a n k  o f  t he  S i e r r a  Madrc d u r i n g  t h c  summcr o f  1380. 

Apparen t l y  f rom se ismic  i n t c r p r e t a t i o n s  they a l s o  hoped t o  pass through 

an o the rw i se  undocumented Precambrian t h r u s t  sheet and i n t o  sedimentary 

rocks.  Th is  h o l e  was spudded i n  T e r t i a r y  depos i t s ,  d r i l l e d  580 f e e t  o f  

T e r t i a r y  sandstone and conglomerate,  1445 f e e t  o f  Pa leozo ic  and Mesozoic 

sedimentary rocks  (F la t -head  th rough Chugwater) then 3831 f e e t  o f  Pre- 

cambrian rock  i n c l u d i n g  s c h i s t s  and q u a r t z i t e s  o f  the  Singer  Peak For- 

mat i o n  o f  t he  Deep " ~ a k e  Group and i n t r u s i v e  metagabbro. C u t t i n g s  were 

logged f rom t h i s  h o l e  and down-hole logs were p rov ided .  
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o f  t h e  Anglo American Corpora t ion  o f  South A f r i c a  were a l s o  ext remely  

h e l p f u l .  Communications and f i e l d  t r i p s  w i t h  o t h e r  Bendix subcontrac- 

t o r s  work ing on quar tz -pebb le  conglomerate p r o j e c t s  he lped keep us i n  

touch w i t h  the reg iona l  r a m i f i c a t i o n s  o f  t he  p r o j e c t .  These inc luded  

U i n t a  Arch p r o j e c t  -- Paul G r a f f ,  J im  Sears, Greg Holden - B lack  

H i l l s  s tudy -- Jack Redden; R a f t  R i ve r  p r o j e c t  -- A l l a n  Black;  south- 

western Montana p r o j e c t  -- Bob Cohenour, D ick  Kopp; Needle Mountain 

p r o j e c t  -- L a r r y  Burns, Noel T y l e r ,  Frank E th r idge-K ings ton  Peak 

s tudy -- Donald C a r l i s l e .  

M r .  Kenneth C a r r i c o  o f  Rawl ins,  Wyoming a l lowed f r e e  access t o  

h i s  ranch p r o p e r t i e s  on t he  nor thwest  margins o f  the  S i e r r a  Madre and 

permiss ion Fur Bendix t o  d r i l l  severa l  ho les .  I n  a d d i t i o n  t o  t resbass 

p r i v i l e g e s ,  M r .  C a r r i c o  was k i n d  enough t o  g i v e  bo th  camping and f i s h -  

i n g  p r i v i l e g e s  t o  the  Wyoming group -- a maximum cour tesy  on Wyoming 

ranchland. He a l s o  ar ranged f o r  exchange o f  i n f o r m a t i o n  between the 

Wyoming group and C and K Pet ro leum Inc . ,  who g r a c i o u s l y  p rov ided  us 

w i t h  c u t t i n g s  and down-hole geophys ica l  log? from an o i  1 and gas t e s t  

they d r i l l e d  i n  Precambrian rocks on t he  nor thwes te rn  f l a n k  o f  t h e .  

S i e r r a  Madre. 

I n  t he  Onemile Creek area M r .  C .  E. P i t c h e r  o f  A r l i n g t o n  was most 

h o s p i t a b l e  by a l l o w i n g  access through h i s  p rope r t y  t o  ou r  group as w e l l  

as many v i s i t i n g  g e o l o g i s t s  who asked t o  examine t he  Onemile Creek oc- 

currences.  W i t h  few excep t ions ,  p r o p e r t y  owners i n  bo th  t he  S i e r r a  

Madre and Medic ine Bow Mountains a l lowed us t o  s tudy on p r i v a t e  p ro -  

p e r t y  and gave us access t o  p u b l i c  lands and we acknowledge t h e i r  

cour tesy  most ' g r a t e f u l  l y .  



The Uni ted Sta tes  Fores t  Serv ice ass i s ted  the Wyoming group i n  many . . 

ways such as g i v i n g  us in fo rmat ion  on f o r e s t  road cond i t i ons  and a l l ow ing  

us access t o  new Forest  Serv ice  a i r  photograph coverage o f  key areas. We 

a r e  p a r t i c u l a r l y  i,n deb6 t o  Ray Urborn o f  the Forest  Serv ice f o r  h i s  he lp  

d u r i n g  the  course o f  the study. 

This  undertak ing was a coopera t ive  e f f o r t  between the World Class 

Studies Group o f ' t h e  Bendix F i e l d  Engineering Corporat ion (now c a l l e d  Special 

P r o j e c t s  Group) and the  Wyoming,group. . A l l  non-geological aspects o f  the d r i l l i n g  

program were under the  d i  r e c t i o n  o f  ~ e n d i x  geo log i s t s  and engineers. I n  ad- 

d i t i o n ,  sur tace rad iomet r i c  surveys, down-hole iogging,  and o ther  spec ia i -  

i zed  serv ices  were done by the  Bendix support group. B i l l  B i rd ,  o f  Bendix, 

worked w i t h  us i n  the  e a r l i e s t  stages o f  the  p r o j e c t ;  Rex Cole, Hal Gard- 

ner, and t h e i r  superv isor ,  Bob Young, prov ided much i n  the way o f  cooper- 

a t i o n  and enthusiasm from 1978-1980 and du r ing  the  1979 d r i l l i n g  e f f o r t ;  

N i ck  Thei s  prov ided h e l p f u l  d iscussions and new i n s i g h t s  i n t o  the mineralog- 

i c a l  c h a r a c t e r i s t i c s  o f  i f o s s i l - p l a c e r  uranium deposi ts  du r ing  the t ime when 

he was our  p r o j e c t  mon i to r  i n  1980; F r i t z  Loomis and John Ludlum were a l so  

h e l p f u l  du r ing  t h i s  per ' iod. Our most recent  contacts,  Arch Gr id ley ,  J u l e  

Anderson, John Ludlam and Ken Karp have a l s o  been h e l p f u l ,  bo th  i n  ex- 

p e d i t i n g  the  1980 d r i l l i n g  e f f o r t  and i n  he lp ing  on var ious aspects o f  the 

f i n a l  r e p o r t  p repara t ion .  We .a l so acknowl edge Steve M i  t che l  l o f  Bendix 

who was h e l p f u l  i n  e a r l y  stages o f  t h i s  p r o j e c t .  

The a n a l y t i c a l  serv ices  f o r  t h i s  p r o j e c t  were handled under D.O.E. fund- 

i ng  by the  Union Carbide uranium resources eva lua t i on  group a t  Oak Ridge Nat- 

i o n a l ' l a b o r a t o r y .  John W. Arendt and Ron Helgerson o f  Union Carbide were espec- 

i a l  l y  cooperat ive and he1 p fu l  i n  monitoring analyt ica l  serv ices  and i n  processing 



r e s u l t s .  Ron ~ e l ~ e r s o n  was p a r t i c u l a r l y  h e l p f u l  i n  t r y i n g  t o  s t r a i g h t e n  

o u t  the  numerous c a t a l o g i n g  . . and da ta  p rocess ing  problems which a r e  t he  

i n e v i t a b l e  companion, t o  a sampl ing p r o j e c t  o f  t h i s  magnitude. 

Var ious .s tages  o f  the  Bendix and Wyoming e f f o r t s  were mon i to red  by 

members o f  the  Department o f  Energy. Dave Dahlem and B i l l  Chenoweth 

have g i ven  usefu.1 adv ice  and counsel d u r i n g  t he  course o f  t he  s t u d y . .  

I n  c o n t r a s t  t o  some o t h e r  s c i e n t i f i c  d i s c i p l i n e s  where much p r i o r  

work i s  abandoned and f u  1 1  y superceded by more modern s tud ies ,  g e o l o g i c  

research, e s p e c i a l l y  geolog ic '  mapping, i s  commonly based upon and 

c e r t a i n l y  g rea ' t l y  b e n e f i t s  f rom p r i o r  work. The foundat ions f o r  t h e  

f i e l d  work f o r  t h i s  s tudy were l a i d  by A.  C .  Spencer in' t he  S i e r r a  Madre 

and E l i o t  Blackwelder i n  t he  Medic ine Bow Mountains. I n  genera l ,  geo- 

l o g i c  mapping i n  bo th  ranges has progressed f rom reconnaissance t o  r e -  

g i o n a l  t o  d e t a i  led ,  b u t  we have c o n s t a n t l y  r e f e r r e d  t o  e a r l  i e r  s t ud ies  

t o  check and augment t h e  more d e t a i l e d  mapping o f  t h e  p a s t  f i v e  years.  

We have been espec ia l . l y  f o r t u n a t e  a t  Wyoming because manuscr ip t  maps, 

rock  samples, and t h i n  sec t ions  from most p rev ious  mapp,ing i n  southeast  

wyoming a r e  a v a i l a b l e  f o r  s tudy here a t  t he  U n i v e r s i t y  o f  Wyoming; I n -  

d i v i d u a l s  .whose work was o f  g r e a t  va lue  i n  t h i s  s tudy i nc l ude  McCallum . . 

(1964), K ing  (1963), Chi l ders (1957) , L a n t h i e r  (1978) and Blackstone 

(1973, 1976) i n  the  Medi.cine Bow ~ o u n t a i n s  and Ebbet t  (1970), G r a f f  (1978) , 

Lackey (1965), Gwinder (1979) , Shor t  (1958) , Hughes (1973), Weid 

F e r r i s  (1964) and M i l l e r  (1971) i n  the  S i e r r a  Madre; D e t a i l e d  mapping.by 

L a i i t l ~ i e r  (1978) i n  t he  .Snowy Range area o f  the  Medic ine Bow ~ o u r i t a i n s  and 

de ta i  l e d  uuLcr.op mappl r?g :by Gra f f  (1978) o f  quadrangles i n  t he  S i e r r a  

Madre was.. t h e  bas i s  for: .our s tudy of.. t he  area mapped by these ind. iv i dua l s :  

We found Graff  I s  and Lan th ie r  I s  mapping t o  be bf .  excep t i ona l  ..qua1 i t y  and 

t o  r e q u i r e  r e l a t i v e l y  l i t t l e  1,evision o n i o u r  p a r t . .  
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E f f o r t s  here a t  t he  U n i v e r s i t y  o f  Wyoming have i nvo l ved  a l a r g e  and d i -  

ve rse  group. Core l o g g i n g  . .  . and sampling a c t i v i t i e s  ma in l y  done by 'under -  

graduate s tuden ts :  Tom Schmidt,, David In low,  Pe te r  Sw i f t ,  John Turner,  

Ramsey Bent ley ,  Paul  Kapp, Robert  Spatz, Brooke Cho lv in ,  Brad Pomeroy, 

P a t r i c i a  Gal lagher ,  and B a x t e r  Pharr .  Geost i s t i c a l  s t u d i e s  i nvo l ved  a 'num- 

be r  o f  g raduate  s tuden ts :  Cassandra Sever, B i l l  Quimby, Marta Buniak, Moj. 

Tahe r i ,  Mike Andrew, and Randy Hagen. Geochemical work was performed here  

a t  t he  U n i v e r s i t y  by S teve  Boese. C l e r i c a l  work was ma in l y  done by E l a i n e  

H e r t z f e l d t .  



OVERJil l EW: A SUMMARY OF THE GEOLOGY AND URAW l UM POTE;\IT IAL '..OF ' PRECAMBR l AN 
-__I- -- 

CONGLOMERATES I N  SOUTHEASTERN 'WYOMING' 

PRECAMBRIAN GEOLOGIC SETTING 

Precambrian rocks o f  Wyomi.,ng a r e  exposed in' t h e  cores o f  up1 i f t s  

formed d u r i n g  t h e  La te  Cretaceous-Early T e r t  iai-y Laramide Orogeny ( ~ i ~ -  

r e  1 . 1  . These .up1 i f  t e d  b l ocks  were eroded d u r i n g  t h e  Laramide Orogeny 

and a l l  major  u p l i f t s  w e r e ' s t r i p p e d  o f . t h e i r  Pa leozo jc  and Mesozoic sed l -  

mentary cover exposing a. co re  o f  Precambrian rocks  which were a l s o  erod- 

ed. The orogeny produced an E a r l y  T e r t i a r y  topography o f  . n o r t h  t o  n o r t h -  

west s t r i k i n g  a n t i c l i n a l  u p l i f t s  co red  b y . r o c k s  o f  Precambrian age and 

s y n c l i n a l  bas ins  f l o o r e d  w i t h  Paleozoic-Mesozoic and E a r l y  T e r t i a r y  sed i -  

mentary rocks. . The a n t i c l i n e s  were t o p o g r a p h i c a l l y  h i gh ,  w i t h  r e l i e f  

f rom 2 t o  3 km between bas in  and up1 i f t .  

These a n t i c l i n a l  u p l i f t s  a r e  commonly bounded on one o r  b o t h . s i d e s  

by major  t h r u s t  f a u l t s  some o f  which have been shown t o  d i p  a t  low 

angles (30°+) - and t o  extend n e a r l y  t o  the  base o f  t he  c r u s t  ( s m i t h s o n  and 

o the rs ,  1978). The displacement o f  some major  t h r u s t  f a u l t s  i s  t h e r e f o r e  

s u b s t a n t i a l  and Precambrian rocks  exposed on  one o r  b o t h  s ides  o f  u p l i f t s  

may be d i sp laced  . v e r t i c a l  d i s t a n c e s . o f  more than 10 k i l a m e t e r s  f rom t h e i r  

bas in  coun te rpa r t s  i n  t he  l a r g e r  Laramide u p l i f t s .  Th i s  can be o f  c r i t i c a l  

economic importance' because i t may ' 1 imi  t min ing  i n  rocks o f  Precambrian age 

e n t i r e l y  t o  t h r u s t  hanging . . w a l l s .  

The t a r l y  T e r t i a r y  topography o f  n o r t h  t o  nor thwes t  s t r i k i n g  a n t i c l i n -  

a1 up1 t f t s  and bas i n s  was subsequent ly b u r i e d  by con t inued  erosion o f  t he  

t o p o g r a p h i c a l l y  h i g h  areas and By agg rada t i on  o f  v a s t  amounts o f  v o l c a n i c  

d e b r i s  i n  t he  bas ins .  The m a g n i f i c a n t  mountains and bas ins  o f  t h e  E a r l y  

T e r t i a r y  were a lmost  e n t i r e l y  b u r i e d  by t h e  end o f  t he  Miocene. F o r t u n a t e l y  
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,,- Approximate boundary of Early Proterozoic eugeo- 
Wyoming Provincs 

r igore 1.1 Geologic map of the Archean Wyom ng Province 



f o r  Precambrian geologists, u p l i f t  i n  the Pliocene and Pleistocene, 

which was accompanled by a decrease i n  the supply o f  volcanic debris 

t o  t h i s  area, resulted i n  erosion o f  much of the cover o f  Ter t ia ry  

sedimentary rocks, re-exposing the Early Ter t ia ry  topography. Today 

Wyoming i s  once again an area o f  topographically high a n t i c l i n a l  up- 

l i f t s  and topographically low syncl ina l  basins, but the r e l i e f  from 

val ley f l o o r  t o  mountain top (Figure 1.2) i s  not as great as it must 

have been i n  the Early Tert iary. 

The Precambrian rocks exposed i n  the cores o f  up1 i f t s  only con- 

s t i  tu te  about 10-15 percent of the t o t a l  area i n  Wyohfng because the 

basins are much dlarger than the up1 i f t s  (Figure 1.1). Therefore Pre- 

cambrian geologists must m'ke regional interpretat ions based on l im i ted  

outcrop areas f o r  which, u n t i l  recently, there has been only  l im i ted  

geologic mapping. The l a s t  15 years have brought major strides i n  

mapping o f  rocks of Preeambrfan age i n  Wyoming. About one-third o f  the 

Precambrian exposures have been mapped a t  scales o f  1 :48,000 and re- 

connaissance mapping has been done i n  other areas. Much of the work i n  

the Wyoming Precambrian i s  unpublished but because over 60% has been 

done by Universi ty o f  Wyoming personnel and because geologists o f  the 

United States Geological Survey have made information avai lab le f o r  

t h i s  study we are i n  a reasonably good posi t ion t o  in terpret  the region- 

a l  Precambrian geology. 

THE ARCHEAN WYOMING PROVtNCE: A DISCUSSION OF POTENTtAL SOURCE ROCKS 

FOR URANIUM AND THORtUM MINERALS 

Since Engel (1 963), i t  has been widely recognized that  the major i ty  

o f  the Precambrian rocks i n  Wyoming are Archean and that  the Wyoming 
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Figure 1.2. A i r  photograph taken w i t h  hand held camera by Skylab astronaut 
showing u p l i f t  and basin topography o f  cen t ra l  Rocky Mountains. View 
looking southwest. Lower r i g h t  one-quarter o f  photograph is southeastern 
Wyoming; Laramie Mountains (L) i n  lower center (not snow covered) ; Medicine 
Bow Mountains (MB) l w e r  r i g h t  (snow covered w i t h  two s m a l l  rrluurl~ctirts 
(~ennock  Mountain and E lk  Mountain t o  r i g h t ) ;  and S ier ra  Madre (SM) i n  r i g h t  
center (snow covered and s t r i k i n g  a t  an angle t o  main mass). 



area inc ludes some o f  . the o ldes t  rocks i n  North America. Engel proposed 

the  name Superior-Wyoming Province f o r  what he considered t o  be ,a  con t i g -  

uous Archean s h i e l d  area con ta in ing  bo th  the  Wyoming rocks and the  Super ior  

Province o f  the Canadian Shie ld.  However, as shown i n  F igure  1.3 t h i s  con- 

t i n u i t y  has no t  been substant ia ted  by more recent  subsurface data i n  North 

and South Uakota and southern Canada. Instead, i t  now appears t h a t  Archean 

Cocks i n  Wyomi,ng a re  separated from the  main mass o f  ~ r c h e a n  rock i n  the  

Super ior  Province by rocks of t he  C h u r c h i l l  Prov ince which were s t r o n g l y  

deformed du r ing  the Hudsonian Orogeny, about 1700 m.y. ago ( ~ o l d i c h  and 

others,  1966; L i d i a k ;  1971., King; 1976, F igure  17).  More recent  workers 

(Houston a.nd o thers ,  1968; Houston, 1971; condie, 1976; Houston and K a r l -  

strom, 1980) have used the name Wyoming Province f o r  the  geochronological 

p rov ince i n  Wyoming and p a r t s  of  Montana, Idaho, Utah and South Dakota 

( ~ i ~ u r e  1 .I.) wh i ch conta i ns Archean rocks rang i ng  i n age from 3300 t o  

2500 m.y. The Wyoming Province i s  t h e r e f o r e  much l i k e  the  Slave Province 

and Nor th  A t l a n t i c  c ra ton :  . a con t i nen ta l  nucleus w i t h i n  the Precambrian 

p l a t f o r m  o f  Nor th  ~ m e r i c a  which has remained s t a b l e  f o r  the l a s t  2500 

m.y. -- i .e. ,  which has no t  been a f f e c t e d  by tectono-thermal events o f  

s t rong enough in tens  i t y  t o  obscure e a r l  i'er geo log ic  h i s t o r y  by re juvenat -  

ing  Rb-Sr and U-Pb i s o t o p i c  systems (Houston and o the rs ,  1968; Houston 

and Karlstrom, 1980). 

Geochronological s tud ies  are  no t  y e t  d e t a i l e d  e n ~ u g h  i:n the  ~Archean 

t o  es tab l  i s h  t,ime s t r a t i g r a p h i c  subdi.yi.sions and such s,utidiv i.sqi.!ons may 

never be possi 'ble i ' r i  much o f  the  Archean te r rane  because of  masking o f  

e a r l i e r  events by l a t e r  ones. Most of t he  3000 m.y. o r  o l d e r  dates have 

be& obta ined i n  the c e n t r a l  p a r t  o f  the  Province -- Beartooth Mountains, 
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Wind River  ~ a n ~ e , '  Bighoyn.Mountains, and ' ow l  Creek Mountains (F igure  

1.1).  There are  several exp lanat ions  f o r  t h i s  observed d i s t r i b u t i o n :  

i t  cou ld  be an a r t i f a c t  o f  s t i l l  l i m i t e d  geochronological data; i t  may 

represent  a c e n t r a l  p a r t o f .  t he  prov ince wihichwas l e a s t  a f f e c t e d ,  by .Late. 

Archean and Ear l y  Pro terozo ic  orogeni es; o r .  i t may indeed repr.esent an 

a n c i e n t , c r a t o n i c  nucleus o r  core zone i n  the  Wyoming Province. The 

l a t t e r  two Ln te rp re ta t i ons  a r e  no t  mutua l ly  exc lus i ve  and we b e l i e v e  

bo th  may be t rue .  The second i s  discussed i n  l a t e r  sect ions;  the  t h i r d  

i n t e r p r e t a t i o n  i s  discussed below. 

Anc i ent  Core 

The th ree  b i l  1 ion(+) m.y. o l d  rocks i n  the  c e n t r a l  p a r t  o f  the  Wyo- 

ming Province have some c h a r a c t e r i s t i c s  t h a t  lend support t o  the. concept 

t h a t  t h i s  area i s  indeed an anc ien t  c r a t o n i c  nucleus. L i k e  o t h e r  Archean 

areas worldwide i t  i s  composed o f  a g r a n i t i c  gneiss te r rane  w i t h  associ -  

a ted  greenstone b e l t s .  As i s  the  case i n  v i r t u a l l y  a l l  o the r  Archean 

areas, the  age r e l a t i o n s h i p s  between the  g n e i s s i c  t e r rane  and the  dom- 

i n a n t l y  vo l can i c  rocks o f  t he  greenstone b e l t s  i s  uncer ta in .  Undoubtedly 

there I s  a rarlye u T  aye5 TUI IJULII  y i ' l e i ~ ~ i c  I-ocks end grccnstono 601 t ~ .  

On geo log ic  evidence a lone i t  appears t h a t  the  gne iss i c  t e r rane  i s  o l d e r  

than two of  the major greenstone b e l t s ,  one loca ted i n  the  A t l a n t i c  C i t y  

area o f  the  Wind R iver  Mountains ( . ~ a y l e y  and o the rs ,  1973) and one l oca t -  

ed i n  t he  Owl  Creek Mountains (Thaden, 1980a, 1980b, 1980c, Granath, 

1975). However, there  a re  a l s o  remnants o f  very  o l d  greenstone b e l t  

rocks sca t te red  through the  gne iss i c  t e r rane  t h a t  may be o l d e r  than most 

o f  t he  rocks o f  the  gne iss i c  t e r rane  as evidenced by the  fac t  t h a t  b e l t  

remnants a re  invaded by migmat i te  and mobi:lized gneiss. 



Gne iss i c  Terrane 

The g n e i s s i c  t e r r a n e  deserves t h e  tern1 "basement complex" i n  t h a t  

i t  c o n s i s t s  of i n t e r l a y e r e d  paragneisses and o r thogne isses  o f  v a r y i n g  

compos i t ion ,  agmat i te ,  and migmat i te ,  a l l  of  which a r e  qua r t zo - f e l dspa th -  

i c  rocks  w i t h  v a r y i n g  g r a i n  s i z e  and p r o p o r t i o n  o f , m a f i c  m lnera ls  such 3 s  

b i o t i t e  and amphibole. The qua r t zo - f e l dspa th i c  rocks may be complexly 

f o l d e d  on mesocopic sca les  o r  the  s t r i ' k e  o f  f o l i a t i o n  may be c o n s i s t e n t  

o v e r  l a r g e  areas. These rocks  a r e  predominent ly  wh i te ,  gray, o r  g r a y i s h  

p i n k  i,n color.  Rare l a y e r 5  o f  amph ibo l i te ,  hornblende gneiss,  q u a r t z i t e ,  

i r o n  fo rmat ion ,  i i i d~ . l ~ l e ,  arid c a l c - s c h i s t  may he presen t  i n  t h c  bascmcnt 

complex e i t h e r  as i n d i v i d u a l  bodies o f  one r o c k  type  o r  i n  i r r e g u l a r  

patches which c o n s i s t  o f  severa l  r ock  types. These rocks  o f  t h e  basement 

complex a r e  c u t  by d i a b a s i c  d i k e s  and s i l l s  o f  v a r y i n g  ages. M a f i c  d i kes  

and s i l l s  may be deformed and conver ted t o  a m p h i b o l i t e  o r  they may be 

r e l a t i v e l y  f r esh ,  e x h i b i t  c h i l l e d  borders,  and have d i a b a s i c  t e x t ~ ~ r e s .  

The basement complex a l s o  con ta ins  l a r g e  masses o f  " g ran i t e "  which 

15 e s s e n t l a l l y  a  more homogeneous phase o f  t h e  g n e i s s i c  complex w!?ich can 

be mapped as a separa te  u n i t .  The "g ran i t e "  may range i n  composi t ion from 

q u a r t z  d i o r i t e  t o  t r u e  g r a n i t e  and e x h i b i t s  a  v a r i e t y  of  s t r u c t u r a l  and 

t e x t u r a l  r e l a t i o n s h i p s  t o  t h e  gneiss;  most commonly t he  type  r e f e r r e d  t o  

as ca tazona l  by Buddington (1959) .  

C lea r l y  th i s  i s  a complex rock sequence w i t h  a  long h i s t o r y  o f  igneous 

a c t i v i t y ,  sed imenta t ion ,  volcanism, and 'de fo rmat ion .  A l l  rocks a r e  i n -  

tense1 y  deformed and metamorphosed and most a r e  upper amphi,bol i. t e  f ac i es .  

There a re ,  however, pockets  o f  g r a n u l i t e  f ac i es  rocks i n  a  number o f  areas 

( ~ o r l ,  1968, and Worl , R. ,  personal  communication, 1980), and we suspect t h a t  

much o f  t h i s  core area may have been sub jec t  t o  g r a n u l i t e  f a c i e s  metamorphism 

a t  some s tage  i n  i t s  development. 
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So f a r  as the w r i t e r s  a re  aware the Archean core area does n o t  con- 

t a i n  rocks w i t h  g rea te r  than normal pr imary uranium. We have n o t  ob- 

served gneiss o r  g r a n i t e  t o  be unusual ly  radi .oact ive i n  reconnaissance 

s tud ies  done by Wyoming U n i v e r s i t y  geologi 'sts and no abnormally rad io -  

. a c t i v e  rocks a re  repor ted by geo log l s t s  o f  the  Un i ted  States Geological 

Survey ( ~ o r l  , R., personal communication, 1980, on Wind River  ~ o u n t a i n s )  . 
These rocks may we l l  be depleted i n  K, Rb, Th, and uranium as i s  t y p i c a l  

o f  basement gneisses o l d e r  than 3000 m.y. ( ~ a r n e y ,  1976). 

Greenstone B e l t s  

M ~ ~ u I -  yrecnstonc  bolt^ o f  the Archpan core area a r e  i n  the  southern 

Wind' R iver  Mountains and i'n the Owl  Creek. Mountains ( ~ i g u r e  1.1). The 

greenstone b e l t s  inc lude metavolcanic rocks and metasedimentary rocks. 

I n  the Wind R iver  Mountains (Bayley and o thers ,  1973') metagraywacke i.s 

the  most.:common metasedimentary rock  type, bu t  p e l i t i c  sch i s t s ,  conglom- 

erate,  q u a r t z i t e  and i r o n  format ion a re  a l s o  present .  Metavolcanic 

rocks of the Wind R iver  greenstone be1 t a re  metabasal t (both p i  1 low ba- 

s a l t  and amygdaloidal basa l t ) ,  meta tu f f ,  meta-andesite, as w e l l  as 

hornblende-schis t  and amphibo l i te  o f  probable vo l can i c  o r l g i n .  The base 

o f t h e  greenstone succession i n  the  Wind R iver  Mountains has n o i  bee11 

recognized, because the character  i s t  i;c younger g r a n i t e  i n t r u s i o n  t h a t  

t y p i c a l  l y  invades greenstone be1 t margins i s  present  ?n the  form of the 

L0ui.s Lake, B a t h o l i t h !  Bayley and o thers  (-1973, p. 61 suggested t h a t  

the  amphi bo le  sch i s t ,  rnetagabbro, and serpent ini .  t e  i.ncl us ions i n  the  

border phases o f  the g r a n i t e  where i t  i s  i n  contact  wi ' tb rocks o f - t h e  

greenstone b e l t  may represent mafic vo1cani;cs t h a t  were the o r i g i n a l  

base o f  the  gre'enstone b e l t  succession. There a r e  no r e l i a b l e  dates 



t o  e s t a b l i s h  the  age o f  the  Wind River  greenstone b e l t  succession. The 

Lou is  Lake Bath01 i t h  has been dated as 2680 m.y. by Naylor and o thers ,  

(1970) so the rocks o f  the  Wind River  greenstone b e l t  a r e  o l d e r  than 

about 2700 m.y. bu t  we cannot be c e r t a i n  how much o l d e r  nor  do we have 

evidence t o  i n d i c a t e  whether the  greenstone b e l t  rocks a re  o l d e r  o r  young-, 

e r  than t h e  g n e i s s i c  t e r r a n e  o f  the Wind R iver  Mountains. The g rea t  ma- 

j o r i t y  o f  the  rocks i n  the  Wind River  greenstone b e l t  succession have 

been metamorphosed t o  amphibol i t e  grade; o n l y  a smal 1 area o f  q reensch is t  

t a c i e s  rocks i s  preserved i n  a fault-bounded b lock  i n  the  no r the rn  area 

o f  ourc rop (Bay ley and others, 1973, p. 26-27). There i s  no repo r t  o f  

uranium o r  thor ium occurrences i n  the rocks o f  the Wind R iver  greenstone 

b e l t ,  b u t  gold-bear ing qua r t z  ve ins and gold-bear ing q u a r t z - c a l c i t e  ve ins 

a r e  present  i n  a zone o f  gabbroic  i n t r u s i o n s  i n  the northwestern p a r t  o f  

the greenstone be1 t and these veins conta in  accessory pyr  i te ,  arsenopyr i te ,  

and c h a l c o p y r i t e  as w e l l  as n a t i v e  gold.  Galena and p y r r h o t i t e  have a l s o  

been repo r ted  i n  the  ve ins  (Spencer', 1916) but  these minera ls  a r e  apparent- 

l y  urlcomrnon (Bayley and o thers ,  1973, p. 2 9 ) .  

The O w l  Creek greenstone b e l t  i s  less  we l l  known than the Wind River  

greenstone b e l t .  I t  cons i s t s  of  a nor theas t - t rend ing  body in.  the nor th -  , 

cen t ra  l O w l  Creek Mountains  ouston on, 1973, p. 50-51 ; Thaden, 1980a, 1980b, 

1 9 8 0 ~ )  and a s i m i l a r  and probably r e l a t e d  body o f  metasedimentary and meta- 

v o l c a n i c  rocks i n  the  Winrl R iver  Canyon t o  thc  west (,~;ranatl-I, 1975). Thc 

rocks o f  t he  O w l  Creek greenstone b e l t  a r e  i s o c l i . n a l l y  fo lded,  a re  o f  am- 

p h i b o l i t e  grade and a r e  engulfed by a younger g ran i te .  Thi.s deformation, 

metamorphi sm, and y ran i t e  invas ion has destroyed the  g rea t  major i t y  o f  

p r imary  s t r u c t u r e s  i n  t he  metasedimentary and metavolcanic rocks making i t  



d i f f i c u l t  t o  e s t a b l i s h  a  s t r a t i g r a p h i c  s e c t i o n  and i n t e r p c e t  t he  s t r u c t u r e .  

Both G l  i o z z i  (1967, p. 14) and ~ a y l e y  and o t h e r s  (1973, p.  28) have suggest- 

ed t h a t  t he  greehstone be1 t .  rocks may 1 i e '  on. an 01 der gne i ss i c basement. The 

g n e i s s i c  basenient c o n s i s t s  o f  I n t e r l a y e r e d '  q u a r t z o - f e l d s p a t h i c  gne iss ,  

arnphilbol i te ,  amphil3ole. schists', ' and'.amphi b o l e  gneiss.  I f  G l  i o z z i  ' s  . . 

(1967) t e n t a t i v e  s t r a t i g r a p h i c  success i .on . i s  c o r r e c t ,  t h e  lower  u n i t  o f  

the  greenstone b e l t  i s  a  quartzite and q u a r t z - r i c h  gneiss succession 

which i s  o v e r l a i n  i n  t u r n  by p e l i t i c  s c h i s t s ,  and by an i r o n - r i c h  group 

o f  rocks t h a t  i n c l u d e  i r o n  fo rmat ion ,  fe r ro -amph ibo le  s c h i s t s  and am- 
, . 

p h i b o l i t e ,  quar tz-amphibo le s c h i s t s ,  b i o t i t e - g a r n e t  s c h i s t s  and a  few beds 

o f  c h e r t ,  marble, 'and . pe l  it i c  s c h i s t s .  The o v e r a l l  r ock  s.uccession o f  t h e  

Owl Creek gr.eenstone b e l t  i s  s im i . l a r  t o  t h e  lower  p a r t  o f  t he  greenstone . 

b e l t  succession i n  t he  Wind R i v e r  Mountains,. An i n t e r e s t i n g  f e a t u r e  o f  t h e  

Owl Creek greenstone be1 t r o c k  i s  an absence o f  rocks t h a t  can be p o s i t i v e -  

l y  i d e n t i f i e d  as vo l can i c .  Granath (1975, p. 89) has suggested t h a t  rnas- 

s i v e  amphi 'bol i tes exposed i n  t h e  Wind R i ve r  Canyon a r e  p robab ly  m a f i c  

v o l c a n i c  rocks bu t ,  even here, no p r imary  s t r u c t u r e s  a r e  p resen t .  There 

a r e  numerous m i n e r a l i z e d  f r a c t u r e  systems i n  t he  greenstone b e l t  o f  t h e  

Owl Creek Mountains. N a t i v e  go ld ,  s c h e e l i t e ,  c h a l c o p y r i t e ,  galena, b i s -  

m u t h i n i t e ,  and p y r i ' t e  have been r e p o r t e d  i n  these m i n e r a l i z e d  f r a c t u r e s .  

The area has been e x t e n s i v e l y  prospected and a  .number o f  mines were de- 

veloped t h a t  opera ted  over  s h o r t  t ime  spans. 

. . 



Younqer Gran i tes  

The Louis Lake b a t h o l i t h  t h a t  i n t rudes  the nor thern  and western mar- 

g i n  of t he  Wind R iver  greenstone b e l t  cu ts  both gne iss i c  rocks o f  the  Wind 

R iver  Mountains and the  rocks o f  the  greenstone b e l t .  The b a t h o l i t h  con- 

t a i n s  ma in l y  a gray, f o l i a t e d ,  r a t h e r  un i fo rm g r a n o d i o r i t e  ( ~ a y l e y  and 

o the rs ,  1973, p. 18) t h a t  has several g r a n i t i c  s a t e l l i t e  p lu tons  and num- 

erous pegmati te d ikes .  As repor ted  above, the age o f  the  Louis Lake batho- 

l i t h  has been es tab l i shed  as about 2700 m.y. ( ~ a y l o r  and others,  1967). 

No m ine ra l i zed  f r a c t u r e s  have been repo r ted  i n  the  Louis Lake b a t h o l i t h  

and the  pegmati tes a r e  n o t  m ine ra l i zed  a l though small amounts o f  b e r y l ,  

l e p i d o t i t e ,  c o l u m b i t e - t a n t a l i t e  and spodumene a r e  present i n  some. Bayley 

and o thers ,  (1973, p. 31) have suggested t h a t  the  Louis Lake b a t h o l i t h  may 

be the  source o f  go ld  and o the r  m e t a l l i c  elements i n  the ve in  systems o f  

t he  greenstone b e l t ,  b u t  the lack  o f  m i n e r a l i z a t i o n  i n  the  s a t e l l i t e  stocks 

and pegmati tes o f  the  b a t h o l i t h  suggests t o  us t h a t  t h i s  i s  u n l i k e l y .  

The l a t e  g r a n i t e  t h a t  cu ts  greenstone be1 t rocks o f  the Owl Creek Moun- 

t a i n s  and Wind K ive r  Canyon i s  d i s t i n c t l y  d i f f e r e n t  from the Louis Lake 

g r a n o d i o r i t e .  I t  i s  a p ink ,  medium- t o  coarse-grained a l k a l i - r i c h  g r a n i t e  

which i s  n o t  f o l i a t e d  except where sheared o r  near contac ts  w i t h  country  

rocks.  I t  appears t o  have been a h i g h l y  mobi le  body t h a t  l i t e r a l l y  engul fed 

the  greenstone be1 t (see maps by Thaden, 1980a, 1980b) sending hundreds o f  

ve ins ,  s t r i n g e r s ,  d ikes,  and s a t e l l i t e  pegmati tes i n t o  the  metamorphic rocks 

o f  the  greenstone b e l t .  From the uranium geology v iewpo in t  t h i s  g r a n i t e  i s  

ext remely i n t e r e s t i n g  because f r a c t u r e  systems i n  the g r a n i t e  con ta in  urano- 

phane, uran i n i  t e ,  and c o f f  i n i  t e  (ye1 1 i c h  and o thers ,  1978).  el l i ch  and 

o thers ,  1978, p. 35) s t a t e  t h a t  the  p re fe r red  theory f o r  format ion o f  the 



u r a n i n i t e  i s  supergene, bu t  they a l s o  s t a t e  t h a t  a p o t e n t i a l  does e x i s t  

f o r  hydrothermal deposi ts .  Inasmuch as the  u r a n i n i t e  i n  these ve ins  has 

been dated as 40 m.y. (personal communication, J. F. Davis, 1980), i t  

appears t h a t  th.e uranium i's not '  Precambrian hydrothermal m i n e r a l i z a t i o n  

r e l a t e d  t o  t h e  g r a n i t e ,  bu t  i s  ins tead a minera l  deposi ted from ground- 

water so lu t i ons  du r ing  the Eocene. 'A key quest ion  t h a t  has y e t  t o  be 

answered i s  the  source o f  the uranium -- was i t  leached from Eocene sedi -  

mentary and 'vo lcan ic  rocks o r  was i't der ived from the  Precambrian g r a n i t e  

by leaching o f  lower grade ve ins  and v e i n l e t s ?  The Owl  Creek g r a n i t e . i s  

a l e g i t i m a t e  source o f  uranium desp i te  the  f a c t  t h a t  no u r a n i n i t e  o f  Pre- 

cambrian age has been i d e n t i  f. ied. Stuckless (1 979) has determined the  

thorium, uranium, and lead isotope' content' o f  a number o f  g ran i tes  i n  

c e n t r a l  Wyoming i nc lud ing  the Owl Creek Grani te.  Stuckless (1979) f i n d s  

t h a t  the  O w l  Creek g r a n i t e  has a uranium content  o f , a b o u t  3 t o  5 ,ppm 

which i s  about normal f o r  g r a n i t e  bu t  h i s  Pb/U concordia diagrams (Stuck- 

less,  1979, p. 174, F igure  2) show; tha-t i f  uranium. loss .dur ing the Ceno- 

z o i c  i s  considered, the g r a n i t e  was o r i g i n a l l y ~ a n o m a l o u s l y  h igh  i n  uranium. 

Stuckless ( ~ e r s o n a l  communication, 1980) has r e c e n t l y  po in ted  o u t  t h a t  

the  O w l  Creek g r a n i t e  i s  no t  as uranium-r ich as g r a n i t e s  o f  the Gran i te  

Mountains i n  Wyoming but  i s  s t i l l  anomalous. The O w l  Creek g r a n i t e ,  

therefore,  cou ld  be the source of uranium deposited i n  f rac tu res  du r ing  the  

Eocene, and thus may a l s o  have been a source o f  uranium minera ls  i n  any 

p lacer  depos i t  younger than the  g r a n i t e ,  The age o f  the.  O w l  Creek, grani.tes 

has no t  been p r e c i s e l y  determined, Minera ls  from two pegmatites o f  the 

Wind R iver  Canyon t h a t  may be d i f f e r e n t i a t e s  o f  the  O w l  Creek g r a n i t e  have 

been dated by G i l l e t t i  and Gast (1961) as 2640 m.y. and 2720 m.y. by the 

Kb/Sr method. These age deterrni naliuil.; suggest t h a t  the  O w l  Creek tlr-dlli ~ r -  



i s  about t h e  same age as the  Louis Lake b a t h o l i t h .  On grounds 

we suspect t ha t  t he  O w l  Creek grani. te i s  inte'rmediate i n  age between 

g r a n i t e  o f  the Lou is  Lake type and younger g r a n i t e s  o f  centra.1 Wyoming 

t h a t  w i l l  be discussed below. 

A Geochronologic Boundary w i t h i n  the Wyoming Province 

F igu re  1 . 1  shows a l i n e ,  roughly concent r ic  t o  the  Wyoming Province 

boundary, o u t s i d e  o f  which fe ldspa r  and mica minera l  dates, and.some whole- 

rock dates, were rese t  by the  Hudsonian orogeny and subsequent coo i i ng  . . 

1800-1400 mty.  ago, and i n s i d e  o f  which minera l  dates were genera l l y  n o t  

r e s e t  and r e t a i n  t h e i r  2500 m.y. values. I n  t he  southern Wyoming Province, 

where t h i s  1 ine i s  bes t  def ined (peterman and H i  l d r e t h ,  1978; H i  11s and 

Armstrong, 1974), the  l i n e  t rends east-west through the greenstone terranes 

o f  the Wind River  and Gran i te  Mountains and between Casper Mountain and the 

Laramie Mountains ( ~ i g u r e  1.1) .  A somewhat s i m i l a r  geochronologic boundary, 

separa t ing  p a r t i a l  l y  re juvenated (1700-1800 m.y.) rocks from Archean rocks 

e x i s t s  i n  southwestern Montana (Gi 1 l e t t i ,  1966). 

The major s i g n i f i c a n c e  of both o f  these boundaries appears t o  be re -  

l a t e d  t o  Pro terozo ic  t e c t o n i c  events. These aspects a re  discussed by G i  l- 

l e t t i  (1968), Peterman and H i l d r e t h  (1978), H i l l s  and Houston (1979) and 

Houston and Kar ls t rom (1980) and a re  surrena!ri,zed i n  a l a t e r  sect  ion o f  t h i s  

r e p o r t  on P ro te rozo i c  t e c t o n i c s .  However, t h i s  boundary a l s o  approximately 

concides w i t h  the  boundary between an o l d e r  Archean core o f  the  Wyoming 

Province and probable younger Archean rocks near the margins o f  the prov ince 



Archean Rocks South o f  t h e  Geochronolog i c  Boundary 

South o f  the  geochron'ologi c  boundary. (.and presumably south o f  the 

anc ien t  core o f  the Wyoming prov ince)  bu t  n o r t h  o f  the  Wyoming Province 

boundary between Archean and Pro terozo ic  rocks . i n  southern Wyoming (heavy 

l i n e  i n  F igure  1.1) i s  a zone o f  Archean r o c k s a b o u t  200 km wide and over  

500 km long which may be p a r t  o f  a  somewhat .younger Archean margin t o  the  

Wyoming Province. The Archean rocks  a r e  s i m i l a r  t o  rocks o f  the core area 

i n  t h a t  bo th  areas con ta in  a.gneissPc te r rane  w i t h  associated.greenstone 

be1 t s  and both  a r e  c u t  by -younger g ran i tes  ( ~ i g u r e  1.1). The p r i n c i p a l  

d i  f fe rences between t h i  s  marginal.  zone and the 'Archean core area are :  

(1) Late Archean .grani tes af t h i s  marginal zone a r e  d i s t i n c t i v e  

radiogenic igneous rocks, anomously h igh  i n  uranium. 

(2) Some Archean metasedimentary and metavol can i c  successions w i t h i n  

the  marginal zone t h a t  a r e  i n  c lose  p r o x i m i t y  t o  the  southeastern 

and eastern margin o f  t he  Wyoming Province con ta in  abundant quar tz -  

i tes  and o the r  she l f - t ype  sedimentary rocks t h a t  a r e  n o t  t y p i c a l  

o f  greenstone b e l t s .  

(3 )  K/Ar ages i n  the marginal zone record evidence o f  a  severe thermal 

d is turbance approximately 1400-1700 m.y. ago. The d i s tu rbed  area 

extends t o  the  southeast l i m i t  o f  the  Wyoming Province. 

I s  thi 's marginal zone o f  Archean rocks i n  southern Wyoming one i n  which 

Archean rocks a r e  ac tua l  l y  younger than those of  the  core  area o r  do we 

s imply deal w i t h  a  zone o f  Archean rocks no t  s tgn i f i : can t l y  d i . f ferent  from 

the core i n  age, bu t  which have been d i s tu rbed  du r ing  l a t e r  tectonothermal 

events? 



Gneiss ic  Terrane and Greenstone B e l t s  

F i r s t  we w i l l  consider  the charac ter  of the, gne iss i c  t e r rane  and green- 

s tone bel . ts  south o f  .the geochronologic boundary. As s ta ted  above, the 

g n e i s s i c  t e r rane  does n o t  d i f f e r  i'n li'tho1,ogy from t h a t  o f  the  core area, 

b u t  t h e  gneisses o f  t h i s  area.may be somewhat younger. Rocks o f  the  gne iss i c  

t e r r a n e  have been dated as 2860+ - 80 m.y. by Peterman and H i l d r e t h  i n  the  

G r a n i t e  Mountains (a metamorphic date -- the  gneiss may be 200-300 m.y. o l d -  

e r )  and 2969+ - 220 m.y. by Johnson and H i l l s  (1976) f o r  the nor-thern Laramie 

Mounca Ins.  Both o f  these geochronological s tud ies  o f  t he  gne iss i c  t e r rane  

have g i ven  dates o f  metamorphism so the  gneiss p r o t o l i t h s  may be o lde r ,  but ,  

i n  corrlparison w i t h  the  Archean core gneisses which g i v e  metamorphic dates 

o f  3100 m.y. ( ~ e i d  and o the rs ,  1975 f o r  Beartooth ~ o u n t a i n s )  and o l d e r  than 

3000 m.y. ( ~ a r k e r ,  1976 f o r  Bighorn ~ o u n t a i n s ) ,  these gneisses o f  the Gran- 

i t e  Mountains and nor thern  Laramie Range s t i l l  may be several hundred m i l -  

l i o n  years younger than t h e i r  counterpar ts  t o  the  northwest.  We admit 

t h a t  the  d i s t i n c t i o n  i s  no t  very  compel l inq a t  t h i s  p o i n t ,  e s p e c i a l l y  g iven 

the  r e l a t i v e l y  l a r g e  u n c e r t a i n t i e s  i n  da t i ng  rocks t h i s  o l d .  A much b e t t e r  

de f i ned  age d i f f e r e n c e  can be seen between the  gne iss i c  te r ranes o f  the cen- 

t r a l  Laramie Range, no r the rn  Medicine Bow Mountains, and nor theas tern  S i e r r a  

Madre and a l l  o f  t he  areas mentioned above. Metamorphic dates o f  2535+ - 45 

m.y. f o r  t he  c e n t r a l  Laramie Range ( ~ i  11s and Armstrong, 1974) , 2500+ - 50 

m.y. f o r  t he  nor thern  Medicine Bow Mountains  i ills and others ,  1968) and 

around 2600 m.y. ( ~ i  11s and Houston, 1979 and D i v i s ,  1477) f o r  the nor th -  

eas tern  S i e r r a  Madre, a r e  about 500-600 m.y, younger than gneisses o f  the 

core  area, Gran i te  Mountains o r  nor thern  Laramie Mountains and these southern 

gneisses a r e  probably younger, bu t  we must agai.n emphasize t h a t  these meta- 

morphic dates do no t  necessar , i ly  d e f i n e  the age o f  the  p r o t o l i t h s .  

60 



Aside from geochronology, the o n l y  o t h e r  s ign i . f i can t  d i f f e r e n c e  be- 

tween gneiss o f  the  Archean core  area and gneiss south o f  t he  geochrono- 

l o g i c a l  boundary i s  metamorphic grade. The Archean gne iss i c  rocks south 

of  the  geochronological f r o n t  a re  a l l  amphibo l i te  grade and, so f a r  as 

i s  known, no g r a n u l i t e  f a c i e s  rocks a r e  present .  I t  i s  thus p o s s i b l e  

t h a t  these Archean gneisses south o f  the geochronological boundary may have 

a h igher  uranium and thor ium content  than Archean core area gnejsses. How- 

ever, reconnaissance s tud ies  of background r a d i o a c t i v i t y  o f  these rocks by 

U n i v e r s i t y  o f  Wyoming geo log i s t s  has no t  been adequate t o  demonstrate such 

a d i f f e r e n c e  between the Archean core  a r e a  gneiss and t h a t  south o f  the  

geochronological f r o n t .  

. As shown j p  Figure  1.1, greenstone b e l t  rocks a r e  present  in '  the Gran- 

i t e  Mountains  ouston on, 1973), Casper Mountain (Beckwith, 1939; Bu r fo rd  

and o thers ,  1979), Seminoe Mountains (Bishop, 1963; Bayley, 1968)., and i n  

the c e n t r a l  and no r the rn  Laramie Range ( ~ r a f f  and o thers ,  personal com- 

municat ion, 1980). The greenstone b e l t  rocks o f  the Gran i te  Mountains and 

Casper Mountain a re  poo r l y  known b u t  con ta in  a m p h i b o l i t i c  and u l t r a m a f i c  

igneous rocks o f  p r o b a b l y ~ v o l c a n i ~ c  parentage, q u a r t z i t e ,  i r o n  fo rmat ion  

and layered s c h i s t s  t h a t  may have been graywacke. No uranium o r  - t ho r ium 

have been repor ted  i.n these rocks. The greenstone b e l t  o f  the Seminoe 

Mountains has been mapped by Lover i;ng (.1929)., Bishop (1963) and Bayley 

(1968) and i s  thus much b e t t e r  known than the  Grani.te o r  Casper Mountain 

greenstone b e l t s .  Even so, the  s t ra t , i g raph ic  succession o f  t he  Seminoe 

greenstone b e l t  remains uncer ta in .  The base of t he  s t ra t?g raph . i c  succes- 

s ion  i n  the Seminoe Mountains 3s n o t  exposed; t he  lower most exposed rocks 

a r e  probably a se r ies  o f  s l a t e s  and metagraywackes, w i t h  interbedded che r t ,  



g r a p h i t e  s c h i s t ,  q u a r t z i t e  and t h i n  i r o n  fo rmat ion ,  t h i s  succession i s  

o v e r l a i n  by a  we1 1 -developed quartz-magnet i te -g rune r i  t e  i ron- fo rmat ion  

t h a t  may be up t o  100 f e e t  t h i c k .  The t op  of  t he  greenstone b e l t  con- 

s i s t s  o f  amph ibo l i t e ,  hornblende gne iss  and s c h i s t  o f  p robab le  v o l c a n i c  

o r i g i n .  The Seminoe greenstone h c l t  r ~ c k s  have nllmcrnl~r, quartz  v s i n ~  

. and m i n e r a l i z e d  f r a c t u r e s  t h a t  c o n t a i n  c h a l c o p y r i t e ,  p y r i t e ,  and n a t i v e  

go ld .  Bishop (1963, p. 40) r epo r ted  t h a t  . h i s  X-ray emiss ion spec t ro -  

graph a n a l y s i s  o f  dump samples de tec ted  copper,  bismuth, lead, go ld ,  s i l -  

vTr,  uranium and i r o n .  

About e i g h t  m i l e s  n o r t h  o f  t he  Seminoe greenstone b e l t ,  a t  a l o c a l i -  

t y  on Hea th ' s  Peak, t h e r e  i s  a  l a r g e  i n c l u s i o n  o f  l i ietasedimentary and 

metavo1cani.c rocks  t h a t  appears t o  be a  fragment o f  t h e  Seminoe greenstone 

b e l t  engu l f ed  by younger g r a n i t e .  The i n c l u s i o n  c o n s i s t s  o f  amphibol i t e ,  

quar tz -muscov i te -graph i te  s c h i s t ,  c h l o r i t e  s c h i s t ,  c a l c - s i l i c a t e  rock, and 

q u a r t z i t e .  Th i s  i n c l u s i o n  i s  o f  p a r t i c u l a r  i n t e r e s t  t o  us because i t  i s  

m i n e r a l i z e d  and con ta ins  u r a n i n i t e  t h a t  i s  Precambrian i n  age ( ~ o v e ,  1970, 

p. ~ 1 2 6 )  . U I - ~ I . I ~ I * I ~ ' L ~  uccurs  I n  t he  border  phase o t  t h e  g r a n i t e  arid i n  

c h l o r i t e - b i o t i t e  s c h i s t  o f  t h e  i n c l u s i o n  which i s  i n  con tac t  w i t h  g r a n i t e  

Harshman and B e l l ,  1970). The m ine ra l  i zed  border  a l s o  has p y r i  t c ,  py r rho -  

t i t e ,  molybdeni te ,  marcas i te ,  c h a l c o p y r i t e ,  s p b a l e r i t e ,  and galena -- p y r i t e  

i s  t h e  most abundant m ine ra l  i n  t h e  area. The quartz-muscnvite-graphite 

s c h i s t  I S  a l s o  m i n e r a l i z e d  and con ta ins  py r i . te ,  p y r r h o t i t e ,  marcas i te ,  c h a l -  

c o p y r i t e ,  and s p h a l e r i ~ t e ;  b u t  i t  does n o t  c o n t a i n  u ran in i . te ,  Su lph ide  min- 

e r a l s  a r e  a l s o  p resen t  i n  shear zones i n  t h e  i n c l u s i o n .  



The Heath's Peak occurrence proves t h a t  uranium was present  i n  young- 

e r  g ran i tes  o f  t h i s  area and was t ranspor ted  and deposited i n  rocks o f  as- 

soc ia ted  greenstone b e l t s  i n  Precambrian time. ~ i s h o ~ l s  ana lys i s  o f  the  

minera l i zed f rac tu res  o f  the Seminoe greenstone b e l t  suggests . . t h a t  uranium 

may a l s o  have been deposited i n  ve ins  and f r a c t u r e  systems. The presence 

o f  abundant p y r i t e  i n  assoc ia t i on  w i t h  t h e  Heath's Peak u r a n i n i t e  .may a i so  . 

be s i g n i f i c a n t  i n  terms' o f  recons t ruc t i ng  a source o f  heavy .minera ls  f o r  

l a t e r ,  Pro terozo ic - type f o s s i  I .  p lace r  deposi ts .  

I n  the Laramie Range, greenstone b e l t - t y p e  r o c k s ' a r e  present  both . 

w i t h i n  the  gne iss i c  te r rane and as l a r g e  x e n o l i t h s  w i t h i n  l a t e  g r a n i t e  

- bath01 i ths .  I n the Esterbrook a r e a . o f  the nor thern  Laramie Range (Spen- 

- c e r ,  1916; Segerstrom and ,&hers, 1977), greenstone be1 t - t y p e  rocks 'occur 

a s ' l a r g e  x e n o l i t h s  i n  t'he Laramie b a t h o l i t h ,  a la. te g r a n i t i c  i n t r u s i o n  o f  

the nor thern  Laramie Range (Condie, 1969) . The greenstone be1 t rocks i n -  

c lude amphi. bol i te,  hornblende .gneiss and s c h i s t ,  f . ine-grained q u a r t z i  t e ,  

. . 
muscovite b i o t i t e  qua r t z  sch i s t ,  g r a p h i t e  s c h i s t  and i r o n '  fo rmat ion .  

Spencer's (1916, p. 5877) desc r ip t i ons  o f  mines and prospects o f  t he  , 

Esterbrook area demonstrate t h a t  t h e r e . a r e  numerous minera l i zed zones w i t h i n  

the greenstone b e l t  rocks . .  E s s e n t i a l l y  we deal w i t h  widespread low-grade 

minera l  i za ' t ion  cons i s t i ng  p r imar i  l y  o f  p y r r h o t i t e  and py r i . t e ,  bu t  w i t h  l o -  

cal. enrichment o f  galena, cha l copy r i t e ,  and s p h a l e r i t e  -- no s i g n i f i c a n t  

gold o r  s i  l v e r  has been repor ted  e i ther ;  by Spencer (-19161 o r  by Segerstrom 

&nd o thers  (1977). 

Abnormal rad ioac t  i v i, t y  was detected by geol'og i s t s  o f  the  Un i ted  States 

Atomic Energy Commission i n  the  Esterbrook-L'aramie Peak area du r ing  the 1950s 



( G u i l i n g e r ,  1956; Smith,  1954). 

Accord ing t o  G u i l i n g e r  (1956) p r ima ry  and secondary uranium 

m i n e r a l s  a re  i n  Precambrian igneous and metamorphic rocks o f  the  Nor th  

Laramie Peak d i s t r i c t .  The p r i n c i p l e  uranium occurrences a r e  i n  shear 

zones t h a t  c u t  s c h i s t s  near  t he  margins o f  g r a n i t e  masses. P i t c h  

b l e v e l ,  u r a n i n i t e ,  c o f f i n i t e ,  and uranophane were l i s t e d  by G u i l i n g e r  

(1956, p .  4) d s  preber i t  i r i  the rn l ne ra l l zed  area.  A key occurrence o f  

uran ium m i n e r a l s  was a t  a l o c a l i t y  r e fe r red  t o  as t h e  T r a i l  Creek 

Grn i~p  nf c la im5 hy Spencer (1916, p. 70-71). 

South o f  t h e  Laramie b a t h o l i t h  and n o r t h  o f  t he  Laramie a n o r t h o s i t e  

( F i g u r e  1.1) greer is tvne b e l t - t y p e  rocks have been ' recogn ized  i n  a number 

o f  p l aces  and recen t  reconnaissance s t u d i e s  by Paul J. G r a f f ,  James W. 

Sears, and Greg Holden o f  Research Assoc ia tes o f  Wyoming and by 

Cassandra K. Sever, g radua te  s tuden t  a t  the  U n i v e r s i t y  o f  Wyoming, have 

g i v e n  us a b e t t e r  unders tand ing  o f  t he  geology and uranium m i n e r a l i z a -  

t i o n  o f  t h i s  area.  

Recent mapping by Graf f  and o t h e r s  (1981),  based i n  p a r t  on e a r l i e r  

s t u d i e s  by graduate s tuden ts  o f  t h e  U n i v e r s i t y  o f  Wyoming ( F i e l d s ,  

1963; Hodge, 1966; Bothner ,  1967; Toogood, 1967, and Smith, 1967) de- 

mor~s . t ra tes  t h a t  a c l a s s i c  greenstone be1 t succession i s  p resen t  i n  the  

a rea  n o r t h  o f  t h e  Laramie ano r thos i  t e  (see F igu re  1 . 1  where eas te rn  one- 

h a l f  o f  greenstone b e l t  i s  shown i n  b l a c k ) .  The greenstone b e l t ,  r e f e r -  

r ed  t o  as E lmer 's  Rock greenstone b e l t ,  has a basal  amph ibo l i t e  group 

wh ich  c o n s i s t s  o f  m s f i c  and u l t r a m a f i c  arnpl-~ibol i . te t l ~ a ~  g lades  up-sec- 

t i o n  i n t o  m a f i c  a m p h i b o l i t e  w i t h  l o c a l  p i l l o w  s t r u c t u r e .  Th i s  i s  over -  

l a i n  by a f e l s i c  a m p h i b o l i t e  t h a t  perhaps was a p i l e  o f  a n d e s i t i c  f lows 



o r i g i n a l l y .  The basal  amph ibo l i t e  group o f  E lmer ' s  Rock greenstone 

be1 t con ta ins  l o c a l  l aye rs  o f  gneiss (p robab ly  metagraywacke) banded 

i r o n  f o rma t i on  cont inuous and t h i n  beds o f  u l t r a m a f i c  rocks t h a t  were '  

p robab ly  f lows  and m a t r i x  suppor ted conglomerate,. Ove r l y i ng  t h e  amphi- 

b o l i t e  group i s  a  succession o f  c l a s t i c  metasedimentary rocks t h a t  

i nc l udes  graywacke, p e l i t i c  s c h i s t ,  g r a p h i t e  s c h i s t ,  and minor  quar t - ,  

z i ' t e ,  marb le ,  and c a l c - s i l i c a t e  rocks.  

The E lmer 's  Rock greenstone b e l t  i s  unde r l a i n .  by a  g r a n i t i c  gne iss  

t e r r a n e  t h a t  i s  b e l i e v e d  t o  have been p a r t l y  m o b i l i z e d  so t h a t  g n e i s s i c  

domes up-wel led through t h e  greenstone b e l t  success ion and s o  t h a t  mo- 

b i l i z e d  phases o f  t h e  g n e i s s i c  t e r r a n e  invaded t h e  rocks o f  t he  green- 

s tone b e l t .  Th i s  complex g n e i s s i c  "basement" i n  t he  cores o f  domes 

con ta ins  e a r l y  b i o t i t e  gneisses and g ray  g r a n i t e  which i s  invaded by 

younger p i n k  and red  g r a n i t e .  Accord ing t o  G r a f f  (personal  communi ca- 

t i o n ,  1980) t h e  p i n k  g , ran i tes  a r e  t h e  most r a d i o a c t i v e  o f  these v a r i o u s  

"basement" u n i t s  and where l a r g e  masses o f  p i n k  g r a n i t e  have developed 

(as on Squaw ~ o u n t a i n )  t he  u n i t s  g i v e  a  d i s t i n c t  r a d i o a c t i v e  anomaly f o r  

t he  area. 

Compared w i t h  t he  Es te rb rook  area t h e r e  a r e  r e l a t i v e l y  few mines and 

p rospec ts  i n  t h e  E lmer 's  Rock greenstone b e l t  o r  i n  u n d e r l y i n g  g r a n i t i c  

gneiss t e r rane .  Most p rospec ts  have been f o r  n o n - m e t a l l i c  m ine ra l  de- 

p o s i t s  such as marble,  g r a p h i t e ,  and v e r m i c u l i t e ,  b u t  ve ins  and shear 

zones c o n t a i n i n y  p y r i t e  and c h a l c o p y r i t e  a r e  p resen t  i n  a number o f  

areas and Wi lson (1966, p. 217) r epo r ted  anomalous r a d i o a c t i v i t y  i n  

g r a p h i t e  s c h i s t  a t  one l o c a l i t y  i n  t h e  Cooney H i l l s .  Reconnaissance 

surveys sf t h c  E lmc r ' s  Rock greenstone h e l t  hy t h e  w r i t e r s  and Alan 

H i  11s o f  t he  Un i t ed  S ta tes  Geolog ica l  Survey (1977-1979) and more 
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d e t a i l e d  examina t ion  o f  t h e  rocks o f  t h i s  area by G r a f f  and o t h e r s  

(1981) have demonstrated t h a t  t h e r e  a r e  severa l  u n i t s  t h a t  d i s p l a y  

above background r a d i o a c t i v i t y .  These i n c l u d e  paraconglomerate,  

coarse-g ra ined  q u a r t z i t e ,  and t he  p r e v i o u s l y  mentioned p i n k  g r a n i t e .  

None o f  these u n i t s  appear t o  c o n t a i n  r a d i o a c t i v e  elements i n  economic 

q u a n t i t y .  

Greenstone b e l t - t y p e  rocks a r e  a l s o  exposed i n  t h e  v i c i n i t y  o f  

Ga r re t  ( b l ack  area i n  southwest co rne r  o f  Laramie b a t h o l i t h ,  F i gu re  

1 . 1 1 ,  wherc t h c  rock  u n i t s  are refel- I -ed Lu i ~ ~ r u r * ~ ~ ~ a l l y  as t he  Borato 

Creek su l re .  The P o t a t o  Creek s u i t e  c o n s i s t s  nf amphihnl i t e ,  hnrnhlende 

gne i ss ,  b i o t i t e  gne iss  and s c h i s t ,  i r o n  f o rma t i on ,  c a l c - s c h i s t  and 

q u a r t z i t e .  The greenstone b e l t  rocks a r e  enc losed w i t h n  a "basement" 

o f  m igma t i t e ,  aqma t i t e ,  and g r a n i t e .  The "basement" g r a n i t i c  gneiss i s  

p robab l y  o l d e r  than t h e  greenstone b e l t - t y p e  rocks o f  the  Po ta to  Creek 

s u i t e ,  b u t  c o n t a c t s  w i t h  t h e  "basement" gneisses were n o t  observed. 

A p r e l i m i n a r y  s tudy  o f  uranium and t ho r i um con ten t  o f  t he  "basement" 

gne isses ,  greenstone b e l t  rocks o f  t h e  Po ta to  Creek s u i t e ,  and red 

g r a n i t e  s i l l s ,  d i k e s  and l a r g e  i n t r u s i v e s  t h a t  c u t  bo th  o f  t he  

above u n i t s  was made by Cassandra Sever. Table 1 . 1  shows t h a t  uranium 

and/or t ho r i um may be l o c a l l y  concen t ra ted  i n  some metasedimentary 

rocks  o f  the  greenstone b e l t  ( i . e .  metagraywacke and q u a r t z i t e ) ,  bu t  

these elements a re  n o t  p resen t  i n  s i g n i f i c a n t  amounts i n  e i t h e r  t he  

greenstone b e l t  rocks o r  t h e  g n e i s s i c  rocks and gray g r a n i t e  t h a t  a re  

cons idered  basement. Uran i  um and t h o r  i 1.m are ,  however, en r i ched  i n  t he  

young pirlk g r a n i t e  and a r e  n o t a b l y  en r i ched  i n  sheared and a l t e r e d  p i n k  

g r a n i t e   able 1.1).  I t  i s  a l s o  apparent f rom t h i s  s tudy t h a t  f r a c t u r e d  

rocks  r i c h  i n  e p i d o t e  and b i o t i t e  a r e  more r a d i o a c t i v e  than o t h e r  rocks.  

T h i s  i s  appa ren t l y  t r u e  o f  a l l  rocks b u t  f r a c t u r e d  and a l t e r e d  p i n k  

g r a n i t e  has areas up t o  108,000 counts  pe r  m inu tc  o r  about 50 t imes 

1 oca 1 background. 

Greenstone b e l t - t y p e  rocks a re  a l s o  p resen t  i n  southern Wyoming i n  

t h e  n o r t h e a s t e r n  Ked i c i ne  Bow Mountains, t h e  c e n t r a l  S i e r r a  Madre, and i n  a 



TABLE 1.1 GEOCHEMISTRY OF ARCHEAN ROCKS FROM THE POTATO CREEK AREA, LARAMIE MOUNTAINS, WYOMING; ANALYSES BY STEVE BOESE, UNIVERSITY 
OF WYOMING 

Sample No. Description 

GRANITIC ROCKS 

PC-79-2 Gray gneissic granite 
PC-79-7 Sheared  ink granite sil l ,  

epidote-enriched. 
PC-79-9 Finegrained pink granite sill 
PC-79-1OA Red (batholithic) granite, 

very radioactive . 
PC-79-1 08 Red granite 
PC-79-1 0C Red granite (altered) 
PC-79-1 2 Gray gne'issic granite 

% % % % ,% 
CaO MgO Ti02 Na20 K20 

% 
MnO 

0.03 
0.06 

0.04 
0.05 

0.04 
0.03 
0.04 

ppm. 
Sum U3O8 

ppm 
Th" 

METASEDIMENTARY AND METAVOLCANIC ROCKS 

PCr79-1 me tab as^ It 50.9 7.4 14.5 14.8 0.6 0.53 0.19 11.1 0.20 0.04 100.3 0.2 15 
PC-79-3 Layered smphibolite 52.3 13.3 10.3 5.70 1.1 1.83 083 14.9 0.23 0.10 100.6 0.9 16 
PC-794 Epidote quartzite 91.5 3.1 2.07 .0.04 0.1 0.45 0137 1.38 0.02 0.02 . 98.8 3.5 5 
PC-79-5 Quartzite 66.8 13.7 1 1.9 0.13 0.1 0.33 0139 4.29 0.03 0.02 97.3 13.4 7 
PC-738 Iron formation 52.7 1.9 2.18 1.33 0.1 0.18 0.18 43.7 0.06 0.07 . 102.5 4.2 . 4 
PC-798 Sheared biotite gneiss 63.1 15.9 3.00 1.81 0.8 4.03 '236 7.6 0.07 0.1 1 98.8 113 43 
PC-73-1 1 Biotite gneiss 70.5 12.5 2.50 0.89 0.8 4.24. 1.46 5.01 0.08 0.17 98.2 4.2 15 

(metagraywacke?) 

'Thorium values are accurate to S ppm except those dis~inguished by *' which are within f25 ppm. 



number o f  areas i n  t h e  wes te rn  Medic ine Bow Mountains and eas te rn  S i e r r a  

Madre. One o f  t h e  l a r g e s t  masses o f  greenstone b e l t - t y p e  rocks i n  south- 

e r n  Wyoming i s  i n  t he  A r l i n g t o n  area o f  t h e  eas te rn  Medic ine Bow Mountains 

where e i g h t  square km a r e  u n d e r l a i n  by amph ibo l i t e ,  hornblende gne iss  and 

s c h i s t ,  l e s s e r  amounts of  f e l s i c  gne i ss ,  q u a r t z i t e ,  and paraconglomerate.  

These rocks  a r e  r e f e r r e d  t o  as the  Stage Cross ing Gneiss. They a r e  i n  

f a u l t  c o n t a c t  w i t h  younger (? )  metasedimentary rocks and a r e  c u t  by g r a n i t i c  

rocks rang ing  f r om t o n a l  i t e  t o  p i n k  g r a n i t e .  

A s i m i l a r ,  and p robab l y  c o r r e l a t i v e ,  assemblage i s  tound i n  a  10-15 

square km area i n  c i  rques n o r t h  o f  t he  c o n t i n e n t a l  d i v i d e  i n  t h e  c e n t r a l  

S i e r r a  Madre. These rocks ,  c a l l e d  t h e  Con t i nen ta l  D i v i d e  Metavolcanic  

Rocks, i n c l u d e  amph ibo l i t e ,  garne t  amphibole s c h i s t ,  hornblende gne iss ,  

q u a r t z i t e ,  marble,  and two ou tc rops  o f  b e a u t i f u l l y  preserved p i l l o w  b a s a l t  

( ~ i ~ u r e  1.4) .  The Con t i nen ta l  D i v i d e  assemblage i s  i n t r uded  by a gray tona- 

l i t e  t o  ( g r a n o d i o r i t e ) ,  shown i n  F i g u r e  1.5, which has y i e l d e d  a da te  o f  

2700 m.y. (Car l  Hedge, personal  communication, 1979) and appears t o  be con- 

formable w i t h  u n d e r l y i n q  q r a n i t i c  paraqneisses and o v e r l y i n g  q u a r t z i t e s  of 

t h e  Phantom Lake Metamorphic S u i t e .  

Remnants o f  metasedimentary and metavo lcan ic  rocks  a re  p resen t  i n  smal l  

masses w i t h i n  a  dominant ly  g r a n i t i c  gne iss  t e r r a n e  i n  a  number o f  areas o f  

t he  wes te rn  Med ic ine  Bow Mountains and eas te rn  S i e r r a  Madre. These rocks 

range f rom i n d i v i d u a l  l a y e r s  o f  q u a r t z i t e  o r  marb le  i n  f e l s i c  gneisses t o  

areas w i t h  enough amph ibo l i t e ,  hornblende gne iss ,  paragneiss,  q u a r t z i t e ,  

marble,  and va r i ous  m a f i c  s c h i s t s  t o  be separated as a metasedimentary- 

me tavo l can i c  s u i t e  i n  g e o l o g i c  mapping ( p l a t e  5 ) .  

The r e l a t i o n s h i p  between these metasedimentary and metavo lcan ic  rocks 

and t h e  much more widespread Archean g r a n i t i c  gneiss t e r r a n e  i s  g e n e r a l l y  
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Figure 1.4. Pi l low basalt  o f  the Continental Divide Metavolcanic 
Rocks near South Spring Lake; Sec. 10, T. 14 N.,  R. 86 W . ,  S ierra  
Madre. Outcrops r i g h t  side up. 



Figure 1.5. Archean gran i te  cu t t ing  amphihnlit ic paraconglomcrate 
layer  i n  lower beds of Phantom Lake Metamorphic Suite.  Note c las t  
i n  paraconglomerate, near n lckel  r i g h t  center o f  photograph. Photo- 
graph looking south; located i n  center o f  Sec. 5 ,  T. 14 W . ,  R s  86 W . ,  
i n  arca north o f  Ja ik  Creek Mlne, central S ierra  Madre. 



s t r u c t u r a l l y  conformable; t h a t  i s ,  ad jacent  bodies o f  f e l s i c  gneiss 

o r  f o l i a t e d  g r a n i t e  a re  i n  conformable contac t  w i t h  these u n i t s  o r  appear 

t o  grade i n t o  them. These metasedimentary-metavolcanic rocks may have 

been p a r t  of a l a r g e r  body t h a t  once c o n s t i t u t e d  a greenstone b e l t ,  bu t  

t h i s  remains con jec tu ra l .  

Pro terozo ic - type Netasedimentary and Metavolcanic(.Rocks o f  Archean Aae 

I n  the nor thern  S i e r r a  Madre, ' no r the rn  Medicine.Bow Mountains, Hart -  

v i  1 l e  Up1 i f t ,  and Black H i 1  1s ( ~ i g u r e  1 .  I ) ,  there  a r e  rock sequences t h a t  

con ta in  e i t h e r  a preponderance o f ,  or. s i g n i f i c a n t  amounts'of q u a r t z i t e  

o f  con t i nen ta l  o r  marine o r i g i n ,  normal marine s l a t e ,  metado'lomi t e ,  and 

other  u n i t s  t h a t  suggest shal low marine o r  con t i nen ta l  environments o f  

depos i t ion .  These rock  types a re  more t y p i c a l  o f  metasedimentary succes- 

sions o f  Ea r l y  Pro terozo ic  age than o f  t y p i c a l  volcano-sedimentary Archean 

greenqtone be1 t successions. They may represent a t r a n s i t i o n  from t h e  

greenstone b e l t  environment . to  the  more modern Pro ferqzo ic - type sedirnen- 

t a r y  succes.sions  o oust on and..Karlstrom,.1980).. Th is  t r a n s i t i o n a l  nature i s .  

f u r t h e r  supported by the  f a c t  t h a t  these Ear ly  Pro terozo ic - type Archean 

successions do c o n t a i n  graywackes and metavolcanic rocks i n  g rea te r  p ro-  

p o r t i o n  than a t y p i c a l  Ear ly  Pro terozo ic  metasedimentary succession. 

I n  the  nor thern  S i e r r a  Madre and nor thern  Medicine Bow Mountains the 

Archean, Ea r l y  Pro terozo ic - type succession i s  r e f e r r e d  t o  as the Phantom 

Lake Metamorphic Su i te .  The s t r a t i g r a p h y  of  t h e  Phantom Lake ~ e t a m 0 r ~ h i . c  

S u i t e  i;s shown i.n F igure  1.6 and w i : l l  be discussed i.n more detai.1 l a t e r ,  

bu t  rock types inc lude q u a r t z i t e ,  marble, paraconglomerate, quartz-pebble 

conglomerate, s la te ,  graywacke (probably i:n good p a r t  v o l c a n i c l a s t  i c )  

t u f f s ,  basa l t ,  and andesi te.  These rock  types are  p a r t l y  o f  con t i nen ta l  
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and p a r t l y  marine o r i g i n .  We es t lmate  t h a t  60-70% o f  these rocks a re  

con t i nen ta l  o r  near shore marine. The t o t a l  rock succession inc ludes 

40 percen.t (o r  less)  rocks o f  v o l c a n i c  o r i g i n ,  and a  s i g n i f i c a n t  p o r t  ion 

o f  these vo l can ic  rocks i s  considered ' con t i nen ta l .  The rocks o f  t he  

Phantom Lake Metamorphic S u i t e  were deposi ted on a  con t i nen ta l  p l a t f o r m  

o r  con t i nen ta l  margin. c l e a r l y  t he re  was a  wel l-developed con t i nen ta l  

land mass p r i o r  t o  depos i t i on  o f  these rock types which con t r i bu ted  

d e t r i  t a l  quar tz  and g r a n i t i c  rock fragments and they a r e  m i re  1 i ke Pro- 

t e rozo i c  and Phanerozoic sed' imentary.rocks than rocks o f  t he  greenstone 

be1 t s .  

We consider  rocks o f  the Phantom Lake Metamorphic S u i t e  t o  be ~ r c h e a n  

i n  age because the o l d e r  s t r a t a  o f  t he  sui ' te  a r e  c u t  by tona l  i t e  ( ~ i ~ u r e  1.5) 

da'tsd as abou't .2.700 m.y. ($ar t -  -6. .'Hedge, personal . communieat.i.on, 1979) and 

younger s t r a t a  o f  the suLte a r e  c u t  by s imi  la r , :  bu t  undated. .grani , t ic  rocks. 

The con t i nen ta l  sedimentary rocks o f  the  Phantom Lake Metamorphic 

Su i te ,  i n  p a r t i c u l a r ,  were a  source o f  heavy minera ls  t h a t  cou ld  be re-  

worked and deposited i'n conglomerates o f  Ea r l y  Pro terozo ic  age. I n  f a c t ,  

the Phantom Lake Metamorphic Su i te  ~ o n t a i n s  s i g n i f i c a n t  deposi ts  oT uran- 

ium and thorium minerals  i n  quartz-pebble conglomerates t h a t  were un- 

doubtedly deposited i n  bra ided streams and r i v e r s .  These Archean quar tz -  

pebble conglomerates d i f f e r  s i g n l f  i c a n t l y  from thei:r  Ea r l y  P ro te rozo i c  

counterpar ts  o f  th . i s  area because they con ta in  a  much h igher  p r o p o r t i o n  o f  

thor ium than uranium. I t  i s  thus c ' lear t h a t  the  Ear l y  P r o t e r o z o i . ~  conglom- 

era tes  were n o t  s i r r~pl  y rewurked rr UIII Late Ar ,c l~ea~ .~  Jeposi t s ,  

Recent geo1,ogic mapping by George L.  Snyder o f  the  Uni ted States 

Geolog ica.1 Survey ( ~ n y d e r ,  1980) i n  the ~ a r t v i ;  1 l e  up1 i f t  o f  southeastern 

Wyoming ( ~ i , g u r c  1.1) has c l a r i f i e d  t h e ~ r c c a m b r i a n  s t r a t i g r a p h y o f  t h i s  



area.  Snyder 's  (1980) s t r a t i g r a p h i c  success i o n  o f  t he  Whalen Group i n -  

c l udes  a lower  (base unknown) u n i t  c o n s i s t i n g  o f  q u a r t z i t e  t h a t  grades 

upward and l a t e r a l l y  i n t o  a t r e m o l i t e  do lom i te  w i t h  l o c a l  s t r o m a t o l i t e s .  

T h i s  u n i t  i s  o v e r l a i n  by a m p h i b o l i t e  (some d e r i v e d  from p i l l o w  b a s a l t )  

and c h l o r i t e  s c h i s t  u n i t s  t h a t  were p robab ly  l a r g e l y  metavo lcan ic  rocks.  

These rocks  are,  i n  t u r n ,  o v e r l a i n  by a s c h i s t  which was p a r t l y  d e r i v e d  

f rom normal sha le  and p a r t l y  d e r i v e d  from graywacke. The uppermost u n i t  

o f  t h i s  success ion i s  l a r g e l y  do lom i te  w i t h  l o c a l  s t r o m a t o l i t e s .  Essen- 

t i a l l y ,  t h e  Whalen Group i s  a lower sha l l ow  mar ine u n i t ,  o v e r l a i n  by a 

deeper wa te r  u n i t  o f  submarine v o l c a n i c  rocks,  shale,  and graywacke, and 

an upper sha l l ow  mar ine  u n i t .  Th i s  sequence i s  q u i t e  s i m i l a r  t o  t h e  t r i -  

p a r t i t e  sequence o f  t h e  Phantom Lake Metamorphic S u i t e  which has a basal  

c o n t i n e n t a l  and near-shore mar ine  q u a r t z i t e  succession, o v e r l a i n  by a 

c o n t i n e n t a l  and near-shore mar ine  v o l c a n i c  succession, w i t h  a near-shore 

mar ine  q u a r t z i t e  success ion a t  t h e  top.  New geochrono log ica l  s t u d i e s  by 

Z. E. Peterman o f  t h e  U n i t e d  S ta tes  Geolog ica l  Survey ( ~ n y d e r ,  1980, p. 4) 

suppor t  t h i s  c o r r e l a t i o n  by demonstrat inq t h a t  q r a n i t e  c u t t i n q  t h e  H a r t -  

v i l l e  s e c t i o n  i s  o l d e r  than about 2600 m.y. To our  knowledge, t h e  Whalen 

Group does n o t  c o n t a i n  u r a n i  um- o r  thor ium-bear ing  rocks.  

The f i n a l  P r o t e r o z o i c - t y p e  metasedimentary-metavolcanic succession 

wh ich  may be o f  Archean age i s  i n  t he  Black H i l l s  o f  South Dakota where 

a lower  p l a t f o r m - t y p e  succession c o n s i s t i n g  of  q u a r t z i t e - i r o n - f o r m a t i o n ,  

o r t h o -  and paraconglomerate, arkose and s l a t e  i s  succeeded by a t h i c k  

eugeosyncl i na l  . graywacke-metavolcan . i c rock  group (.~edden, 1980.). . P a r t .  o f  

t h e  lower  p l a t f o r m - t y p e  rocks  a r e  p robab ly  Archean i n  age ( ~ e d d e n ,  1980, 

p.  19) b u t  a l l  t h a t  i s  known about t h e  b u l k  o f  t h i s  r ock  group i s  t h a t  i t  
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i s  o l d e r  than the 1700 m.y. Harney.P,eak grani . te  t h a t  cu ts  i t .  P a r t  of  

the  lower platform-,type success ion  .may ' c o r r e l a t e .  w i  t h  Phantom Lakte Meta- 

morphic S u i t e  rocks bu t  da t i ng  i s  inadequate t o  v e r i f y  the  c o r r e l a t i o n .  

La te  Archean Grani t e s  

I t  i s  c l e a r  from the above d. iscussion t .hat pi.nk g r a n i t e  i s  wide- 
, . 

spread south o f  t he  geochronological boundary and t h a t  t h i s  l a t e  i n t r u -  

s i v e  'rock i s  d i s t i n c t i v e l y  r a d i o a c t t j e  as compared.with most o l d e r  rocks. 

have noted above background r a d i o a c t i v i t y  i n  p i n k  g r a n i t e s  o f  t he  

Gran i te  Mountains, Seminoe Mountains, Freezeout H i l l ' s ,  and n o r t h  c e n t r a l  

Laramie Range. I n  add i t i on ,  Stuckless '(1979) hasdemonstrated,  through 

d e t a i l e d  isotope s tud ies ,  t h a t  p i n k  o f  t he  ~ k a n i t e  Mountains 
. - . . .' I. 

. . . . 

and Laramie Range have anomalously h i g h  thor ium content  and t h a t ,  were i t  
. . 

n o t  f o r  uranium loss dur ing  the Cenozoic, these same grani ' tas would have 
. . . .  . . . . . . f . . 

anomalously h i g h  u ran i  um contents 'as we1 1 . 
. . ' .  . . .  . .  . .... 

' . . I .  . ' 

The p ink  gran i  tes a re  p a r t  o f  a Late ~ r c h e a r i  ' g  ran i  te - fo rmi  ng event 
. . . .. . . 

t h a t  took p lace i n  the  Wyoming Province between 2,450-2,600 m.y. (pe te r -  

man and H i l d r e t h ,  1978, p. 14).  Peterman and H i l d r e t h  (.1978, p. 14) l i s t  

g r a n i t e s  o f  Lankin Dome and Tincup Mountain i n  the  Gran i te  Mountains, t he  
. . . . 

Bears Ears  p l u t o n  i h  the Wind K ive r  Mountains, ~ o u n t  Uwen qua r t z  monzoni t e  
. . 

% .  . , . 

i n  the Teton Range, Baggot Rocks g r a n i t e  o f  the Medicine Bow Mountains, 
. . .. . . . . . 

Baggot Rocks g r a n i t e  o f  the S i e r r a  Madre, and Laramie g r a n i t e  o f  t he  Lar -  

amie Mountains as belonging t o  th. is  group, and we suggest t h a t  p i n k  gran- 

'i tes  o f  the Seminoe Mountains and Freezeout H i  11s ' a l sd  belong t o  t h i s  . :  

group. 

We a re  no t  c e r t a i n  i f  a l l  g r a n i t e s  belonging td  the  2,450-2,600 m.y. 

age group conta in  thor ium and uranium values i n  g rea te r  than normal 

amounts. But, most of  the ones i n  southern Wyoming do and these g ran i tes  



a r e  c e r t a i n l y  a l o g i c a l  source f o r  the  uranium and thor ium minera ls  i n  

E a r l y  P ro te rozo i c  quar tz-pebble conglomerates. . 1.f so, minera ls  and 

g r a n i t e  c l a s t s  de r i ved  from such a source should not .appear i n  meta- 

sedimentary rocks o l d e r  than about 2400 m.y. 

Both La te  Archean quar tz-pebble conglomerates o f  t he  Phantom Lake 

Metamorphic S u i t e  and E a r l y ' P r o t e r o z o i c  quar tz-pebble conglomerates o f  the  

Deep Lake Group o f  the  Medicine Bow. Mountains and S i e r r a  Madre have as- 

soc ia ted  paraconglomerate t h a t  conta ins  g r a n i t e  c l a s t s .  We have not made 

a s t a t i s t i c a l l y  v a l i d  study of  g r a n i t e ' c l a s t s  i n  paraconglomerate, bu t  our  

f i e l d  observa t lons  i n  t he  Medicine Bow Mountains and S i e r r a  Madre suggests 

t h a t  t he  percentage o f . p i n k  and red g r a n i t e  and g r a n i t e  gneiss c l a s t s  i s  

inverse1 y r e l a t e d  t o  age o f  the  paracong lomerate. Therefore, there  may. be 

a r e l a t i o n s h i p  between the  format ion o f  a Late Archean g r a n i t e  source rock 

and the  depos i t i on  o f  uranium minera ls  i n  qua.rtz-pebble conglomerates. The 

quartz-pebb l e  cong lomerates of  the  Late Archean Phantom Lake Metamorphi c  

S u i t e  probably o r i g i n a t e d  p r i o r  t o  format ion o f  t he  uranium-r ich p i n k  and 

red  g ran i tes ,  and t h i s  may account f o r  the pauc i t y  o t  uranium i n  these con- 

glomerates, whereas the  E a r l y  Pro terozo ic  quartz-pebble conglomerate o f  the  

Deep Lake Group i n  the Medicine Bow Mountains probably o r i g i n a t e d  a f t e r  f o r -  

mat ion o f  the uran ium-r ich  p i n k  and red g ran i tes  and t h i s  may account f o r  

t he  re1 a t  i ve abundance o f  uran ium i n  these conglomerates as compared w i t h  

the  La te  Archean type. Obviously,  l o c a l  source w i l l  a l s o  p l a y  , . a  r o l e  i n  de- 

termini ,ng the minera logy o f  quar tz-pebble conglomerate and, i n  a gi.ven area, 

quar tz-pebble conglomerate o r  the r i g h t  age may have been formed i n  a d ra in -  

age bas in  wi.th no g r a n i t e  source and thus show a d i . f fe ren t  heayy minera l  s u i t e .  
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Model f o r  Evo lu t i on  o f  the Archean Wyoming Province 

The g r a n i t i c  gneiss te r rane o f  the  Archean core  area o f  the Wyoming 

Province probably was formed p r i o r  t o  3000 m.y. ago. The fo rmat ion  o f  

t h i  s c r u s t a l  b lock  may have involved granu'l i t e  fac ies  metamorph.ism over  

much o f  the area and must have involved re-working of o l d e r  g r a n i t e  o r  

fe1si.c igneous rocks and format ion o f  new g ran i ' t e  bodies. P r e - e x i s t i n g  

metased imentary and metavolcanic ' rocks were l a r g e l y  r e c o n s t i t u t e d  leav ing  

r a r e  remnants i n  a l a r g e r  body o f  g i a n i t i ' c  gneiss.  uranium, thor ium, 

rubid ium and potassium were probably depleted d u r i n g ' t h e  var ious  meta- 

morphic and g r a n i t e  forming events. 

Southeast o f  t he .co re  area, a g r a n i t i c  gneiss te r rane  very  s i m i l a r  

t o  that. o f  t h e  core area was subjected t o  metamorphism and about 2800- 

2900 m.y. ago i n  an.area i nc lud ing  the  Gran i te  Mountains and nothern Lar- 

amie Mountains and l a t e r ,  about 2500-2600 m.y; ago i n  the  c e n t r a l ' L a r a -  

mie Mountains, Medicine Bow Mountains and S i e r r a  Madre. These metamorphic 

events may s imply be evidence of  l a t e r  re-working o f  the  southern p a r t s  

of the Archean core; i f  so, the  re-working may have resu l ted  i n  a f u r t h e r  

dep le t i on  i n  U, Th, Rb, and K i n  the g r a n i t i c  gneiss terranes.  Another 

poss ib l  i t y  i s  t h a t  t he  two "younger" s t r i p s  o f  g r a n i t i c  gneiss may have 

been added t o  the o l d e r  core by a process resembl ing  modern arc-.arc 

c o l l i s i o n .  This  l a t t e r  p o s s i b l i t y  would probat j ly mean t h a t  younger g r a n i t i c  

gneiss te r rane  would have a highe.r uranium content  than the core  area. 

Archean greenstone be1 t s  have been i .n terpreted t o  h.ave formed i n  a 

v a r i e t y  o f  ways: as r i f t s  w i t h i n  g r a n i t i c  gnei:ss terranes t h a t  a r e  1 im i ted  

i n  ex ten t  (~nhausse r  and others,  19691, as .foundered s h i e l d  volcanoes de- 

veloped i n  a g r a n i t i c  gnei'ss te r rane  (~ond i ' e  and Hunter, 1976) , as p o r t i o n s  



o f  e a r l y  m a f i c  c r u s t  (Gl ickson,  19762 and as bas ins  formed i.n a s i m i l a r  

manner t o  modern i n t e r a r c  bas ins  (back-arc  bas ins )  o f  t h e  western P a c i f i c  

(Goodwin, 1973; Windley,  1977).  

We suspect t h a t  t h e r e  i s  a r e l a t i o n s h i p  between t h e  development o f  

the, greenstone b e l t s  and t h e  g r a n i t i c  gne iss  t e r r a n e  sou th  o f  t he  Archean 

co re  o f  t h e  Wyoming Prov ince .  The age of t he  rocks o f  t h e  greenstone b e l t s  

i s  unknown a l t h o u g h  a l l  a r e  o l d e r  than 2500-2600 m.y. The greenstone b e l t  

rocks may have developed i n  a back-arc bas in  o r  bas ins  and i n  i n t r a - a r c  

bas ins  t h a t  developed between the  Archean core  area and a b l o c k  o f  Archean 

c o r e  t h a t  moved sou theas t  (F i gu re  1.7A). The Archean core  area may have 

extended t o  t he  nor thwes t  marg in  o f  t h e  southern Wind R i ve r  greenstone b e l t  

and t o  t h e  sou thern  Ow1 Creek Mountai ns ( ~ i ~ u r e  1 .I) ; t h e  b l o c k  o f  Archean core  

t h a t  separated may be repesented by rocks o f  t he  n o r t h e r n  and c e n t r a l  Lara- 

mie Range, no r t hwes te rn  Med ic ine  Bow Mountains, eas te rn  S i e r r a  Madre and 

perhaps t h e  H a r t v i  1 l e  Up1 i f t  ( ~ i g u r e  1.1).  C losure  o f  these back-arc bas ins  

o r  b a s i n  c o u l d  have r e s u l t e d  i n  deformat ion o f  t h e  rocks o f  t h e  back-arc 

bas ins ,  i s l a n d  a r c s  and any remnants o f  Archean c r u s t  rema in ing  i n  the  bask- 

a r c  bas ins .  

I f  some subducted p l a t e s  d ipped southeast  a s u b s t a n t i a l  mass o f  K - r i c h  

g r a n i t e  m igh t  have formed under t h e  southeastern Archean b lock .  Th i s  might  

account  f o r  t h e  f o r m a t i o n  o f  t he  La te  Arctiean potassium- and u ran ium-r i ch  

g r a n i  t e s  d iscussed ahnve. 
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Inasmuch as the  p la t fo rm- type  metasedimentary and metavolcanic 

rocks (phantom Lake Metamorphic S u i t e  o f  the S i e r r a  Madre and Medicine 

Bow Mountains, metasedimentary and metavolcanic rocks o f  the  H a r t v l l l e  

area, and poss ib l y  some o l d e r  metasedimentary rocks o f  the  Black ~ i l l s )  

a r e  o l d e r  than t h e  Late Pr,ecambri.an K- and U- r ich  g ran i tes ,  they were 

undoubted l y  deposi ted ' p r i o r  t o  c losu re  and may be broadly contemporaneous 

w i t h  development of  the back-arc basins.  These metasedimentary and meta- 

vo l can i c  rocks a r e  regarded as p l a t f o r m  o r  con t i nen ta l  margin depos i ts  o f  

the. fragment o f  o r i g i n a l  Archean core which moved southeast.  

The above model i s  o v e r - s i m p l i f i e d  and h i g h l y  specu la t ive ,  but  i t  

i s  c o n s i s t e n t  w i t h  some of  t h e  prev ious work done i n  t h i s  area. For ex- 

ample, geochemical s tud ies  o f  both the  Laramie bath01 i t h  (condie, 1969) 

and Late  Archean g r a n i t e s  o f  t he  Gran i te  Mountains (peterman and H i l d r e t h ,  

1978) suggest o r i g i n  by p a r t i a l  me l t i ng  of  lower c r u s t  o r  upper mantle 

w i t h  lower c r u s t  contami'nation. . A p l a t e  t e c t o n i c  concept somewhat l i k e  

the  one suggested here has been proposed p rev ious l y  hy.Cnnr-iie (1972, p. 

104-1 12) f o r  the greenstone be1 t o f  the southern wind River ,Mounta ins and 

Condie c i t e s  some p a r a l l e l s  between the  chemistry o f  rocks o f  t h i s  green- 

stone b e l t  and modern i s l a n d  a r c  systems o f  the  South P a c i f i c .  

S ummary: B robable Source f o r  Urani um and Other k a v y  Minerals i n  Eat-ly 

P.roterozni c Conglomerates 

I t  i s  qui. te c l e a r  from the  review o f  t he  Archean source 'area t h a t  the 

most probable source o f  urani'um and thor ium mi.nerals i s  the Late Archean 

g ran i tes ,  and t h e i r  assoc ia ted  contact  zones, and shear zones e i t h e r  i n  

the  g r a n i t e  o r  i n  metasedimentary and metavolcanic rocks near the g r a n i t e .  

I t  i s  a l s o  obvious t h a t  o the r  mi'nerals such as gold,  p y r i t e ,  and o ther  



su lph ide  minera ls  cou ld  have come f rom a v a r i e t y  o f  sources i n  the Archean 

greenstone be1 t s ,  and t h a t  these minera ls  a r e  n o t  i n  any way t i e d  t o  a 

Late Archean g r a n i t e  source rock. 

Therefore, i n  the Wyoming Province, quar tz-pebble conglomerates o l d e r  

than about 2700 m.y. probably w i l l  no t  con ta in  s i g n i f i c a n t  uranium minera ls  

whereas quartz-pebble conglomerates younger than 2600-2700 m.y. have a 

h igh  p r o b a b i l i t y  o f  con ta in ing  uranium minera ls .  The presence o f  uranium 

minerals  i n  quartz-pebble conglomerates i s  a l s o  l i m i t e d  by the  develop- 

ment o f  a more s t r o n g l y  o x i d i z i n g  atmosphere by about 2000 m.y., so t h a t  

the search f o r  uranium bear ing quar tz-pebble conglomerate can best  be 

conf ined t o  the  2600-2000 m.y. o l d  depos i ts  i n  t h i s  area. 

PROTEROZOIC 

There a r e  two Pro terozo ic  terranes i n  southeastern Wyoming, no r th -  

eastern Utah and northwestern South Dakota ( ~ i ~ u r e  1.1). One conta ins  

a combinat ion o f  p l a t f o r m  and con t i nen ta l  margin metasedimentary and 

metavolcanic rocks and i s  e s s e n t i a l l y  miogeoc l ina l ;  another conta ins  marine 

volcano-sedimentary rocks and i s  e s s e n t i a l l y  eugeoc l ina l .  As shown i n  

F igure  1 . 1 ,  the  miogeocl ina l  rocks crop ou t  i n  two smal l  areas o f  the 

nor theas tern  and southwestern Black H i l l s ,  the no r the rn  Medicine Bow Moun- 

ta ins ,  no r the rn  S i e r r a  Madre, and nor theas tern  U in ta  Mountains o f  Utah. 

These miogeocl ina l  metasedimentary rocks l i e  on Archean basement and are 

loca ted n o r t h  of  and w i t h i n  30-50 km o f  an i r r e g u l a r  eas t -nor theas t  t o  

nor theas t  s t r i k i n g  zone of c a t a c l a s t i c  rocks re fe r red  t o  as the  Cheyenne 

B e l t   o oust on and o thers ,  1980) which marks the  southern boundary of  the 

Wyoming Province ( ~ i g u r e  1.1). There a r e  no known rocks o f  Archean age 

south o f  t h i s  boundary. 



S t r a t i g r a p h y  and Paleogeogr.aphy of Ea r l y  P ro te rozo i c  Miogeoc l ina l  

Metased i m e n t a r ~  R ocks 

The most complete sec t i ons  of  miogeoc l ina l  metasedimentary and meta- 

v o l c a n i c  rocks a r e  i n  t he  Med ici 'ne Bow. Mountains and S i e r r a  Madre. I n  

bo th  o f  these ranges t h e  basal P r o t e r o z o i : ~  rock succession i s  r e f e r r e d  t o  

as the  Deep Lake Group, b u t  format ions w i t h i n  the  Deep Lake Group o f  the  

S i e r r a  Madre and Medici'ne Bow Mountains a re  n o t  i d e n t i c a l  (F igure  1.6). 

I n  f a c t ,  i t  has been necessary t o  u t i l i z e  d i f f e r e n t  fo rmat ion  names i n  

the  two ranges because o f  fac ies  changes between sec t ions  less than twenty 

m i l es  a p a r t  ( f i g u r e  1 .6 ) .  

I n  bo th  the S i e r r a  Madre and Medicine Bow Mountains the basal forma- 

t i o n  o f  t h e  Deep Lake Group i s  the Magnolia Formation which l i e s  uncon- 

formably on o l d e r  metasedimentary and metavolcanic rocks o f  the Archean 

Phantom Lake Metamorphic S u i t e  and, i n  the  Medicine Bow.:/Mountains, on 

greenstone be1 t - t y p e  rocks of  the Stage Crossing Gneiss and associated 

p i n k  g r a n i t i c  gneiss o f  t he  Baggot Rocks-type g r a n i t e .  

The Magnolia Formation i s  di 'v ided i n t o  a basal Conglomerate Member 

and an upper Q u a r t z i t e  Member (Kar ls t rom and Houston, 1979a, 1979b). The 

Conglomerate Member i s  a d iscont inuous basal conglomerate which conta ins  

pebbles and cobbies o f  quar tz ,  q u a r t z i t e ,  g ran i  te ,  and metavolcanic rocks 

i n  va ry ing  p ropo r t i ons  i.n a subarkosic t o  a rkos i c  ma t r i x .  I n  th.e Medicine 

Bow Mountains q ran i  t e  c l a s t s  a re  common i n  the  nor theas t  whereas meta- 

vo l can i c .  rock  c l a s t s  a re  more common i:n the southwest probably r e f l e c t i n g  

d i f f e rences  i n  l o c a l  source areas. L i tho log i 'es  i,n the Conglomerate Member 

i nc lude  a rkos i c  polymi c t  i c  paraconglomerates which a re  o n l y  s l  i g h t l y  rad io -  

a c t i v e ,  s t r o n g l y  r a d i o a c t i v e  quar tz-pebble conglomerates, and pebbly and 



granu lar  q u a r t z i t e s .  These rocks a r e  complexly i n t e r f i n g e r e d  bu t ,  i n  

places, a r e  sys temat i ca l l y ' o rde red  i n  fini'ng-upward successions o f  prob- 

ab le  f l u v i a l  (a1 l u v i a l  fans?) . o r i g i n .  S t rong ly  r a d i o a c t i v e  quar tz-pebble 

conglomerates have been noted. w i  t h f n  arkos.ic paracong lomerates i n  many 

areas o f  the  Medicine Bow Moun.tains .but the  Onemile Creek area o f  the  

nor theas tern  Medicine, Bow M0unta i .n~  . i s  the  o n l y  known area where quar tz -  

pebble conglomerates a r e  th i -ck  enough, extensi.ve enough, and con ta in  

enough uranfum and thor ium t o  be o f  p o t e n t i a l  economic i n t e r e s t .  The 

Conglomerate Member has n o t  been mapped as a separate u n i t  i n  the S i e r r a  
.. - 

Madre bu t  s l i g h t l y . r a d i o a c t i ' v e  q h r t z - p e b b l e  conglomerates a re  present  

a t  the base of the  Magnol l a  Formation i n  t he  western S i e r r a  Madre. 

The Conglomerate Member of  the  Magnolia Formation grades up-sect ion 

i n t o  very coarse-grained q u a r t z i t e s  and quar tz-granule conglomerates 

r e f e r r e d  t o  as the Q u a r t z i t e  .Member i n  t he  Medicine Bow Mountains ( ~ a r l -  

strom and Houston, 1979a, 1979b)'. These rocks a r e  a l s o  i n t e r p r e t e d  by 

us t o  be f l  u v i a l  i n  o r i g i n  bu t  .they appear t o  have been deposi ted a t  a 

g rea te r  d is tance from the  source than rocks o f  t he  conglomerate Member. 

Paleocurrent  measurements o f  the  Magnolia Formation i n  the  Medicine 

Bow Mountains, p r i m a r i l y  from the Quar t z i t e  Member, suggest . . depos i t i on  i n  

a southwester ly -d i rec ted  bra ided r i v e r  s y s t e m . ( . ~ l a t e  2 ) .  ,Paleocurrents 

from the Magnolia o f  t h e . S i e r r a  Madre a r e  d i r e c t e d  south and southeast.  

The Magnolia Formation i n  the Medicine Bow Mountains, i s  o v e r l a i n  

conformably by the  Lindsey Q u a r t z i t e  which i s  a f luv i -a1  dep0si.t s i m i l a r  

i n  most respects t o  the  Magnol i:a Formation. Th.c Li~ndsey Quertz i . te  i s  

f i ner-gra ined . . than the Magnol i a  Format ion, bu t  i:s composed o f  f i n i n g -  

upward sets whi'ch have conglomerat ic bases. The Lindsey Q u a r t z i t e ,  



however, has numerous sha le  p a r t i n g s  i n  t he  q u a r t z i t e  suggest ing a more 

d i s t a l  source  and lower-energy f l u v i a l  d e p o s i t i o n .  Pa leocur ren t  measure- 

ments suggest  c o n t i n u i n g  southwest-di  r e c t e d  r i v e r s  f o r  d e p o s i t i o n  o f  t h e  

L indsey Q u a r t z i t e .  

I n  t h e  S i e r r a  Madre t h e  Magnol ia Format ion i s  ove r l a i r r  by the Singer  

Peak Format ion ( ~ r a f f ,  1979) which i s  a muscovi te ,  c h l o r i t e  garnet'  p h y l -  

l i t e  w i t h  thFn beds o f  q u a r t z i t e  i n  t h e  upper p a r t .  L o c a l l y ,  p o o r l y  

s o r t e d  g r a n i t e - c l a s t  paraconglomerate i s  p resen t  i n  t h e  upper p a r t  o f  t h e  

u n i t .  The Singer  Peak Format ion  i s  thought  t o  be a mar ine f a c i e s  o f  t he  

L indsey  Quar tz i  t e  o f  t h e  Medi c i n e  Bow Mounral ns ( ~ i g u r e  1 . 7 ~ ) - .  

I n  t h e  Medic ine Bow Mountains t h e  L indsey Q u a r t z i t e  i s  o v e r l a i n  d i s -  

conformably  by t h e  Campbel l 'Lake Format ion which i s  a t w o - f o l d  u n i t  w i t h  

a basal  paraconglomerate and an upper p h y l l i t e .  The paraconglomerate beds 

i n  t h e  upper p a r t  o f  t h e  Singer .  Peak Format ion o f  the  s i e r r a  Madre may 

c o r r e l a t e  w i t h  t h e  Campbell Lake Format ion ( ~ i ~ u r e  1 .6 ) .  The Campbell 

Lake Format ion and upper S inge r  Peak paraconglomerate beds may represen t  

g l a c i a l  d i a m i c t i t e s  o r  a l l u v i a l  f an  d e b r i s  f l o w  depusi es .  

The Cascade Q u a r t z i t e  o v e r l i e s  t h e  Campbell Lake Format ion unconform- 

a b l y  and i s  a d i s t i n c t i v e  q u a r t z i t e  success ion which i s  widespread i n  b o t h  

t h e  Med ic ine  Bow Mountains and S i e r r a  Madre. I n  t h e  Medic ine Bow Mountains 

t he  basal  beds o f  t he  Cascade l i e  unconformably on beds as o l d  as Archean. 

The Cascade Q u a r t z i t e  i s  a much more mature q u a r t z i t e  than any o f  t he  q u a r t -  

z i t e s  t h a t  u n d e r l i e  i t ,  i t  con ta ins  abundant s t a b l e  c l a s t s  such as qua r t z  

and c h e r t  and has very  smal l  percentages o f  p h y l l o s i l i c a t e s  compared w i t h  

o l d e r  q u a r t z i t e  successions. The sedimentary s t r u c t u r e s  o f  t he  Cascade i n -  

c l u d e  b o t h  p l ana r  and t r ough  crossbedding and can be i n t e r p r e t e d  as f l u v i a l  



o r  near-shore marine; the great  l a t e r a l  ex ten t  o f  t he  u n i t  and i t s  con- 

s i s t e n t  l i t h o l o g y  suggest a marine o r i g i n .  

The Vagner Formation l i e s  unconformably on the  Cascade Q u a r t z i t e  

and i s  present  i n  both the  Medicine Bow Mountains and S i e r r a  Madre. 

The Vagner Formation i s  a paracong lomera te-marb le -phy l l i te -quar tz i te  

succession i n t e r p r e t e d  t o  be glaciornarine i n  o r i g i n  ( ~ i ~ u r e  1 - 7 ~ ) .  

Ove ra l l ,  t he  Deep Lake Group i s  a t ransgress ive  succession. The 

lower p a r t  records f l u v i a l  sedimentat ion on a con t i nen ta l  p la t fo rm;  the  

upper p a r t  records shal low marine and glaciomar ine  sedimentat ion on a 

con t i nen ta l  s h e l f .  Unfor tunate ly ,  i t  has not  been poss ib le  t o  d i  r e c t  l y  

date rocks o f  the  Deep Lake Group. However, t he  basal beds o f  t he  Deep 

Lake Group i n  the  Medicine Bow Mountains unconformably o v e r l i e  g r a n i t i c  

rocks s i m i l a r  t o  the  2500 m.y. o l d  Baggot Rocks Gran i te  ba ills and 

o thers ,  1968) so the  Deep Lake Group i s  Pro terozo ic .  An upper l i m i t  i s  

g iven by a 2000 m.y. da te  on the Gaps Trondhjemi t e  (Carl  Hedge, personal 

communication, 1980) which c rosscuts  the  bower Libby Creek Group i n  the  

Medicine Bow Mountains. 

As shown schemat ica l ly  i n  F igure  1.6, the upper p a r t  o f  the Deep Lake 

Group i n  bo th  the  S i e r r a  Madre and Medicine Bow Mountains i s  t runcated by 

major t h r u s t  f a u l t s  which b r i n g  younger rocks o f  the  L ibby Creek Group 

aga ins t  ol.der rocks of  the  Deep Lake Group and Arch-ean basement. I n  the 

Medicine Bow Mountains a complete sec t i on  of t h e  L ibby  Creek Group (pver 

6 km) i s  exposed whereas o n l y  a p a r t i a l  sec t i on  ( 2  km)- 7s exposed i n  the 

Si .erra Madre. The C i  bby Creek Group i s  di.vi.ded i:'n t h i s  r e p o r t  i n t o  an 

upper and lower p a r t .  The lower p a r t  cons is ts  o f  con t i nen ta l  margin-type 



s i  1 i c i c l a s t i c  rocks  ( p r i m a r i l y  marine q u a r t z i t e )  whereas t he  upper p a r t ,  

wh i ch  i s  t h r u s t  ove r  t he  lower ,  i s  a carbonate bank, sha le ,  submarine 

v o l c a n i c  success ion t h a t  was p robab ly  depos i ted  we1 1 . o f f - s h o r e .  

The basal  f o r m a t i o n  o f  t h e  Lower L i bby  Creek Group i'n t h e  Medic ine 

Bow Mounta ins i s  t h e  Rock .Knol l  Format ion which i s  a q u a r t z i t e - p h y l l i t e  

success ion w i t h  l o c a l  1 ayers  o f  conglomerate.  The Rock Kno l l  q u a r t z i  t es  

a r e  p l a g i o c l a s e - r i c h  arkoses and subarkoses which a r e  s i m i l a r  t o  q u a r t z i t e s  

i n t e r ' l  ayered w i t h  paraconglomerates o f  t he  u n d e r l y i n g  Vagner Format ion o f  

t h e  Deep Lake Group and t h e  o v e r l y i n g  Headquarters Format i o n  o f  t h e  Lower 

L i bby  Creek Group, b o t h  i n t e r p r e t e d  t o  be  g lac iomar ine .  We b e l i e v e ,  there -  

f o r e ,  t h a t  t he  Rock K n o l l  Format ion i s  a l s o  g l ac i omar i ne  i n  o r i g i n .  There 

i s  no Rock K n o l l  e q u i v a l e n t  i n  the'  S i e r r a  Madre. 

The Rock K n o l l  Format ion o f  t he  Medic ine Bow Mountains i s  o v e r l a i n  by 

t h e   headquarter.^ Format ion which i s  comprised o f  paraconglomerate,  qua r t z -  

i t e ,  and laminated s c h i s t s  and p h y l l i t e .  These rocks a r e  i n t e r p r e t e d  t o  

be g l ac i omar i ne  i n  o r i g i n  on t h e  bas i s  o f  l i t h o l o g i c  c h a r a c t e r i s t i c s  such 

as poor  s o r t i n g  and o n l y  f a i n t  s t r a t i f i c a t i o n  i n  t h e  paraconglomerates, t h e  

presence o f  angu la r  d rops tone  c l a s t s  i n  t h e  paraconglomerate,  t he  assoc ia-  

t i o n  o f  paraconglomerates and laminated (p robab ly  marine) p h y l l i t e s ,  and 

chemica l  s i m i l a r i t i e s  between rocks o f  t he  Headquarters Format ion and o t h e r  

E a r l y  P r o t e r o z o i c  g l a c i a l - r e l a t e d  u n i t s .  The Headquarters Format ion has n o t  
! 

been i d e n t i f i e d  i n  t h e  S i e r r a  Mqdre. 

Inasmuch as t h e  Vagner Format ion, Rock K n o l l  Format ion and Headquarters 

Format ion a r e  a l l  regarded as g lac iomar ine ,  they  may be r e l a t e d  t o  t he  same 

d e p o s i t i o n a l  ep isode and may n o t  be separated by a major  t ?me break.  How- 

ever ,  o u r  t e c t o n i c  i n t e r p r e t a t i o n  i n d i c a t e s  t h a t  t h e  Vagner Format ion was 

86 



deformed i n t o  broad fo lds  p r i o r  t o  t he  t h r u s t i n g  which brought t he  Rock 

Kno l l  and Headquarters Formations aga ins t  rocks o f  the.Vagner Formation. 

I n  the  Medicine Bow Mountains the Headquarters Formation i s  over -  

l a i n  conformably by the  Heart .Formation which i.s composed c h i e f  l y  o f  

a rg i l l aceous  q u a r t z i t e .  The Heart '  Formation. i s  i n t e r p r e t e d  t o  have been 

deposi t ed  i n  a  macrot i d a l  de1'tai.c env i  ronment rang . i ng  . from p r o d e l t a  sed i - 

mentat ion a t  the base t o  d e l t a  f r o n t  a t  t h e . t o p .  No beds equ iva len t  t o  

t h e  Heart Formation have b e e n ' i d e n t i f i e d  i n  the S i e r r a  Madre. 

The Heart Formation i s  conformably o v e r l a i n  i n  the  Medicine Bow Moun- 

t a i n s  by the ~ e d i c i n e '  Peak Q u a r t z i t e  which i s  a  1700 m t h i c k  succession 

o f  aluminous (kyan i te  and p y r o p h y l l i t e )  qua r t za ren i te .  S i m i l a r  q u a r t z i t e s  

(1400 m t h i c k )  i n  the  S i e r r a  Madre a r e  c a l l e d  the  Copperton Q u a r t z i t e  

( ~ r a f f ,  ,1978). Sed.imentologica1 s tud ies  o f  the Medicine Peak Q u a r t z i t e  

i n d i c a t e  tha t ,  l i k e  t h e  Heart Formation, i t  was deposited on a  macro t ida l  

d e l t a  ( ~ i g u r e  ! . 7 D ) .  The base o f  the  Medicine Peak Q u a r t z i t e  i s  thought 

t o  represent  sub t i da l  sand shoats o'n a  macrot idal  d e l t a  p l a i n ,  the middle 

Medicine Peak Q u a r t z i t e  i s  be l i eved  t o  be depos i ts  l a i d  down i n  s u b t i d a l  , 

t o  i n t e r t i d a l  d e l t a  p l a i n  channels and bars and the  upper Medicine Peak 

Quar tz i te ,  l i k e  the  lower, i s  considered t o  be sub t i da l  sand- shoals on t h e  

d e l t a  p l a i n .  The Copperton Q u a r t z i t e  of  the  S i e r r a  Madre i;s much more 

h i g h l y  deformed than the Medicine Peak Quartz i . te  and has not 'been s tud ied  

sed'imentolog i c a l  l y .  However, i t too, plrobhtily represents.  de l  t a l c  sedimen- 

t a t i o n .  . 

The Medicine Peak Q u a r t z i t e  i s  o v e r l a i n  by the  Lookout Sch is t  i n  the 

Medi.ci:ne Bow Mountains ( ' ~ i ~ u r e  1.6). The Lookout Sch is t ,  a  complex suc- 

cession o f  i n t e r l a y e r e d  q u a r t z i t e ,  p h y l l i t e ,  and s c h i s t ,  i s  i n t e r p r e t e d  
: . 

ds a d e l t a  f r o n t  (upper and lowcr Lookout s c h i s t )  and prodel t a  depos i t  



(chemica l  sediments o f  t h e  m idd le  Lookout S c h i s t ) .  S i m i l a r  rocks i n  t he  

S i e r r a  Madre a r e  lumped w i t h  t h e  Copperton Quartzite. 

The uppermost f o rma t i on  o f  t he  Lower L i bby  Creek Group i n  t h e  Medi- 

c i n e  Bow Mountains i s  t h e  S,ugarloaf Q u a r t z i t e  which 1  iek  conformably on 

t h e  Lookout S c h i s t .  The Sugar loa f  Q u a r t z i t e  i s  b e l i e v e d  t o  c o n s i s t  o f  

d e p o s i t s  l a i d  down i n  s u b t i d a l  t o  ' i n t e r t i d a l  d e l t a  p l a i n  environments.  

Considered t oge the r ,  t h e  d e p o s i t s  o f  t h e  Deep Lake and Lower L ibby 

Creek Group .a re  r e l a t e d  t o  a  pro longed p e r i o d  o f  E a r l y  ~ r o t e r o z o i c  s i l  i c i -  

c l a s t i c  sed imenta t ion  i n  wh ich  d e t r i t u s  was d e r i v e d  f rom the  Wyoming 

P r o v i n c e  and c a r r i e d  by ma jo r  r i v e r  systems. E a r l y  d e p o s i t i o n  i n  t h e  Deep 

Lake Group took  p l a c e  i n  h igh-energy a l l u v i a l  fan and b ra ided  r i v e r  env i r on -  

ments on t h e  c o n t i n e n t a l  p l a t f o r m  ( F i g u r e  1.78) ; upper Deep Lake and Lower 

L ibby  Creek Group sed imenta t ion  was d e l t a i c  and t ook  p l a c e  on t he  c o n t i n -  

e n t a l  marg in  where mar ine t i d e s  and c u r r e n t s  cou ld  i n f l u e n c e  sed imenta t ion  

(Fi ,gure 1,.7D). Processes o f  d e l t a i c  sed imenta t ion  was i n t e r r ~ . ~ p t e d  a t  l e a s t  

once and perhaps severa l  t imes by g l a c i a l  episodes, which depos i ted  g l a c i o -  

mar ine sediments i n  t h e  uppermost Deep Lake and lowermost L ibby  C,-eek 

Groups (F igu re  1 - 7 ~ ) .  

I n  t h e  Medic ine Bow Mountains,  where we have s u f f i c i e n t  pa leocu r ren t  

measurements t o  a i d  i n  i n t e r p r e t i n g  d e p o s i t i o n a l  environments,  i t  i s  c l ,ear 

t h a t  t h e  major c u r r e n t  d i r e c t i o n  th roughout  t he  d e p o s i t i o n a l  episode was 

southwest ( P l a t e  2 ) .  I f  t he  o v e r a l l  s h o r e l i n e  t r e n d  o f  t h e  E a r l y  P r o t e r -  

o z o i c  o f  t h i s  area was no r theas t ,  as imp l i ed  by t he  p resen t  day o r i e n t a -  

t i o n  o f  t h e  Cheyenne B e l t ,  b o t h  non-mari.ne and mar ine depos i t s  o f  t h e  Medi,- 

c i n e  Bow Mountains must have been l a r d  down i n  major  r i v e r s  and r i v e r - d e l t a  

systems i n  which c l a s t i c  t r a n s p o r t  was s u b - p a r a l l e l  t o  t h e  Wyoming Prov ince  



shore l ine .  We fee l  t h a t  the best  exp lanat ion  f o r  t h i s  s i t u a t i o n  i.s t h a t  

the  c l a s t i c  depos i ts  o f  the Medicine Bow Mounta-ins were l a i d  down i n  

grabens o r  a graben o r i en ted  sub-para] l e l  t o  an E a r l y  Pro terozo ic  r i f t e d  

margin ( ~ i ~ u r e  1.7),  perhaps 1 i k e  grabens .described by Burke (1976, p. 

92-112) t h a t  developed dur ing  the i n i t i a l  stages o f  r i f t i n g  of' the  At lan-  

t i c  Ocean i n  the  Mesozoic. However, another v a l i d  i n t e r p r e t a t i o n  might 

p o s t u l a t e  a l a rge  embayment i n  the sho re l i ne  i n  t h i s  area o f  the Wyoming 

Province i n  the Ear l y  Pro terozo ic .  

There a re  a number o f  depos i t i ona l  environments t h a t  might  be favor -  

ab le  f o r  depos i t i on  o f  c l a s t i c  uranium o r  uranium-thorium minera ls  i n  the 

Deep Lake and Lower Libby Creek Groups. These inc lude ' the bra ided stream 

env i  ronments o f  the  Magn'ol i a  Format i o n  and Lindsey Q u a r t z i  te ,  and the  de l -  

t a i c  channel d e p o s i t s  o f  t he  cascade ~ u a r t z i t e  and middle p a r t  o f  t he  Medi- 

c i n e  Peak Q u a r t z i t e .  I n  f ac t ,  r a d i o a c t i v e  conglomerate beds have been 

found i n  a l l  o f  these u n i t s  a l though the  o n l y  ex tens ive  uranium concentra- 

t i o n s  found so f a r  a re  i n  t he  Magnolia Formation. 

The Upper Libby Creek Group represents a major change i n  paleogeog- 

raphy i n  southern-Wyoming. I n  bo th  the  Medicine Bow Mountains and S i e r r a  

Madre, the Upper Libhy Creek. Group i s  separated from the Lower L ibby Group. 

by a major t h r ~ s t ~ f a u l t  t h a t  br' ings rock  types o f  an e n t i r e l y  d i f f e r e n t  

f ac ies  over  the beds of  the Lower L ibby Creek Group ( .~ i .gure  1.6) .  The 

Upper Libby Creek Group, from o l d e s t  t o  youngest, cons i s t s  o f  the Nash 

Fork Format ion ,  Towner Greenstone, and French S la te .  These depos i t s  a re  

marine and a re  be1 ieved t o  represent  a carbonate bank  ash Fork   or mat ion) , 
s'ubmari ne..'Volcan i c s  (,Towner Greens tone), , and normal sha 1 es (.French $1 ate)  

deposi ted w e l l  o f f - sho re  from the  c h i e f l y  d e l t a i c  depos i ts  o f  the Deep 



Lake and Lower L ibby  Creek Groups. As shown i n  F igure  1.7E; these depos i ts  

may have developed a long a r i f t e d  margin of t he  A t l a n t i c - t y p e   ewe^ and 

B i  rd,  1970) : We be1 i eve  the  depos i t s  'of the ,Upper L ibby Creek Group must 

have extended f o r  many m i l e s  along the  Ear l y  Pro terozo ic  con t i nen ta l  margin 

perhaps i n t o  the  Minnesota-Michigan area where the  st romatol  i t i c  dolomites 

s i m i l a r  t o  those o f  t he  Nash Fork Formation a r e  found ' i n  the  rout Lake For- 

mat ion o f  t he  Cuyuna Range, t he  Bad R iver  Dolomite o f  the Gogebic Range, 

and the  Kona Dolomite and Randvi 1 l e  Dolomite o f  the ~ a r q u e t t e  Range Super- 

group o f  Michigan  o oust on and Karl.strom, 1980). 

We must emphasize t h a t ,  i n  southeastern Wyoming, t he  complete Upper 

L ibby Creek Group i s  preser'ved on l y  i n  the  Medicine Bow Mountains. I n  the  

S i e r r a  Madre a marine carbonate succession named the  Slaughterhouse Gulch 

Formation i s  c o r r e l a t e d  w i t h  the Nash Fork Formation ( ~ i g u r e  1.61, bu t  no 

beds equ iva len t  t o  t he  Towner Greenstone o r  French S l a t e  ... have been iden- 

t i f i e d .  The Slaughterhouse Formation o f  t he  S i e r r a  Madre i s  more h i g h l y  

deformed than the  Nash Fork Formation o f  t he  Medicine Bow Mountains, s t r o -  

m a t o l i t e s  have n o t  been recognized and the Slaughterhouse Formation conta ins 

a h ighe r  p r o p o r t i o n  o f  interbedded s la tes  and p h y l l i t e s  than the  Nash Fork 

Formation. We suggest t h a t  the  Slaughterhouse Formation was deposited i n  

deeper water  than the Nash Fork Formation. 

The age o f  rocks o f  the Upper Libby Creek Group i.s uncer ta in .  We 

suspect t h a t  they c o r r e i a t e  w i t h  the Marquette Kange Supergroup . . o t  the Lake 
. . 

Super ior  Region and, i f  so, a r e  between about 2100 m.y. and about 1900 m.y. 

o l d .  As shown i n  F igure  1 . 1 ,  there  a r e  no mi.geosynclina1 rocks equ iva len t  

t o  those o f  the S l e r r a  Madre and Medicine Bow Mountains i n  the  Laramie 

Range o r  H a r t v i l l e  U p l i f t  where metasedimentary and metavolcanic rocks a r e  

dated as Archean. However, i n  the nor theas tern  U in ta  Mountains o f  Utah and 



i n  t he  Black H i l l s  o f  South Dakota there  a re  metasedimentary rocks t h a t  

we b e l i e v e  c o r r e l a t e  w i t h  some p a r t s  of  the rniogeosyncl inal  succession 

o f  the  two southern Wyoming mountain ranges. 

Redden ( 1  980) describes a success ion  of metasedimentary rocks i n  

t h e  Nemo area o f  the  nor theas tern  Black H i l l s  of  South Dakota t h a t  he 

c lasses as p la t fo rm- type i n  c o n t r a s t  t o  the eugeosyncl inal  metasedimen- 

t a r y  and metavolcanic rocks of most of  the c e n t r a l  B lack H i l l s .  These 

rocks inc lude paraconglomerate, quar tz-pebble conglomerate, q u a r t z i t e ,  

p h y l l i t e ,  dolomi te,  and i ron . fo rma t ion .  Redden (,1980, p. 34-35) demon- 

s t r a t e s  t h a t  these deposi ts  were formed i n  an area undergoing extensional  

t e c t o n i c s  and suggests depos i t i on  i n  small shal low basins (grabens?). 

The environments o f  depos i t i on  range from fanglomerates near f a u l t s  t o  

f l u v i a l  deposi ts  i n  streams o r  r i v e r s ,  t o  deeper water (.marine?) de- 

posi  t s  o f  i ron format ion and dolomi te.  RadioactSve uran i  um-thorium- 

g o l d  bear ing quar tz-pebble conglomerates are  present  i n  the  f l u v i a l  de- 

p o s i t s  o f  the  Tomahawk Tongue of the  Boxelder Formation o f  t h i s  area. 

The geochemistry and mineralogy o f  the  f l u v i a l  depos i ts  o f  the Tomahawk 

Tongue resemble those o f  the  Onemile Creek area o f  the  Medicine Bow 

Mountains, and i t  i s  poss ib le  t h a t  these rocks a re  the same age. Redden 

(1980, p. 78-79) c i t e s  evidence t h a t  the  minera ls  i n  the f l u v i a t i l e  con- 

glomerate a r e  der ived from the  2500 m.y. o l d  L i t t l e  Elk g r a n i t e  o f  t h i s  

area and he shows t h a t  the depos i ts  a re  o l d e r  than the Blue Draw metagab- 

b r o  dated as about 2100 m.y. I f  our' concept o f  a r i f t e d  margin can be 

extended t o  the  Black H i l l s ,  Redden's p lat forrn- type rocks may have been 

. formed i n  grabens developed du r ing  e a r l y  stages o f  an aulacogen. P l a t -  

form-type metasedimentary rocks may a l s o  be present  i n  the  western 

Black H i l l s  i n  t he  Bear Mountain Dome (K le inkopf  and Redden, 1975). 



I n  t h e  n o r t h e a s t e r n  co rne r  o f  Utah a  group o f  rocks r e f e r r e d  t o  as 

t h e  Red Creek Q u a r t z i t e  c r o p  o u t  below the  La te  P r o t e r o z o i c  U i n t a  Moun- 

t a i  n  Group ( ~ r a f f  and o t h e r s ,  1980) and 1 i e  on a  basement o f  g r a n i t i c  

gne i ss  o f  Archean age. The Red Creek Q u a r t z i t e  i s  p r i m a r i l y  massive 

q u a r t z i t e  b u t  i t  c o n t a i n s  a t  l e a s t  t h r e e  subd iv is i ' ons  t h a t  c o n s i s t  o f  a l -  

t e r n a t i n g  s c h i s t ,  q u a r t z i t e  and graywacke, w i t h  an occas iona l  bed o f  marble.  

The Red Creek Q u a r t z i t e  i s  p robab l y  a  mar ine f a c i e s  o f  some p a r t  o f  t he  

Lower L i bby  Creek Group o f  t h e  Medic ine Bow Mountains and s i e r r a  Madre. 

i t i s  more 1 i ke rocks o f  t h e  S i e r r a  Madre rhan rocks o f  t he  Medic i  I I ~  BUW 

' Mounta ins s u g g e s t ~ n g  t h a t  mar lne l n c u r s l o r ~ s  lr~uvecl .FUI.III wesl: tu e a s t  ; l lol,~g 

t h e  E a r l y  P r o t e r o z o i c  c o n t i n e n t a l  marg in  and t h a t  t h e r e  i s  l ess  p r o b a b i l i t y  

o f  e x t e n s i v e  f l u v i a l  d e p o s i t s  west o f ' , t h e  S i e r r a  Madre. 

E'ugeocl i n a l  Metasedimentary  and M e t a v o l c a n i c  Pocks o f  P r o t e r o z o i c  Age 

Eugeocl i n a l  metasedimentary and metavolcan i c  rocks t h a t  may have been 

depos i t ed  a t  about t h e  same t ime  as t h e  m iogeoc l i na l  rocks d iscussed above 

a r e  p resen t  i n  t h e  sou thern  S i e r r a  Madre, southern Medic ine Bow Mountains,  

sou thern  Laramie Mountains,  t h e  t l l ack  H i  11s of Sourh Dakota, and i r ~  lilt: 

F r o n t  Frange and Park Range o f  n o r t h e r n  Colorado. 

These rocks a r e  so h i g h l y  deformed and metamorphosed I n  southeastern 

Wyoming and n o r t h e r n  Colorado t h a t  t h e i r  o r i g i n  i s  hard  t o  dec ipher .  I n  

l o c a l  areas where de fo rma t i on  i s  n o t  extreme, mar ine g raywacke - tu rb i d i t e  

success ions and bo th  mar ine and c o n t i n e n t a l  v o l c a n l c s ' c a n  be recuyr.~ized. 

Inasmuch as these eugeoc l i na l  rocks a r e  l oca ted  south o f  t he  Cheyenne B e l t ,  

i t  has been suggested t h a t  they  developed i n  i s l a n d  a rcs  and accre ted  t o  

the  Wyoming Prov ince  about 1700 m.y.  ago ( ~ i  11s and Houston, 1979). 



The Black H i l l s  aulacogen has b e t t e r  preserved metasedimentary and meta- 

vo l can i c  successions than those o f  southeastern Wyoming.and nor thern  

Colorado and metavolcanic rocks a r e  be l ieved t o  be much less  common than 

i n  the  o t h e r  two areas. The most common rock types, i n  the Black H i 1  1s 

a re  graywacke, p h y l l i t e ,  s l a t e ,  basa l t ,  c h e r t , . i r o n  format ion,  g r a p h i t i c  

s l a t e ,  and var ious  i r o n  and aluminum-rich s l a t e s .  These rocks a r e  no t  re -  

\ 
garded as i'sland a r c  deposi ts .  - I.nstead, we interp iset  them t o  be marine 

> ,  

sediments deposited i n  a nai-row ocean bas in  duri.ng ':Early P ro te rozo i c  r i f t -  

I ng . 

Pro terozo ic  Igneous Rocks . .... . . . , . < ,:- . 

The most common igneous rocks o f  Pro terozo ic  age n o r t h  o f  t he  Cheyenne 

Be1 t a r e  gabbroic s i  1.1s and d ikes.  These i n t r u s i v e s  c rosscut  Archean base- 

ment And a1 1 th ree  metasedi'mentary success ions and undoubted1 y range i n  age 

'from Archean to l a t e  Ea r l y  P ro fe iozo i c  (1600 m.y.) . Unfor tunate ly ,  we have 

been unable ' t o  separate Archean from Pro terozo ic  i n t r u s  ives by mapping. 

However, .l i m i  t ed  geochemical data .does suggest a t  l e a s t  th ree  d i f f e r e n t  com- 

p o s i t i o n s  which may r e f l e c t  d i f f e r e n t  age i n t r u s i v e s .  F igure  1.8 shows 

th ree  chemical f i e l d s  on both the  a l k a l  i - s i  1 i ca  p l o t  (.Figure 1.8A) and t h e  

AFM p luL  ( ~ i g u r e  1.8H) : :!) two u l  tramaf i c  bodies which crosscut  'Archean 

"basement" i n  the  S i e r r a    ad re ,form one f i'eld; 2)  l a r g e  . . gabbroic  s i 11s i n  

the  Phantom Lake S u i t e  and Deep Lake Group from both. the  Si.erra Madre and 

~ e d i c i n e  BOW M0unta i .n~  from another,  . c l o s e l y  grouped,. f i e l d ;  and 3) the 

dike's and s i l  1s from the Li'bby.Creek Group i n  both ranges: form a th i . rd.  

. The f i r s t  two a re  d i s t i n c t l y  t h o l e i i t i c ;  the l a s t  i s  h igher  i:n a l k a l i e s  

and lower i n  s i l  i ca  and i s  t r a n s i t t o n a l  between t h o l e i i t e  and c a l c - a l k a l  i c  

rocks. 



LIBBY CREEK GROUP 

DEEP.LAKE FP. AND 
PHANTOM LAKE SUITE 

45 50 55 60 70 

SIERRA MADRE MEDICINE BOW MTNS 
MEAN OF 8 SAMPLES FROM 
ONE INTRUSIVE CUTTING INTRUSIVES CUTTING 
LIBBY CREEK GROUP LIBBY CREEK GROUP 

5 INTRUSIVES CUTTING 5 INTRUSIVES 
DEEP LAKE GROUP 

GROUP AND PHANTOM. 
LK SUITE 

2 INTRUSIVES 

. . 

Figure 1.8. Geochemistry of mafic intrusive rocks from the Sierra Madre and Medicine Bow Mountains. 
A. Alkali-silca plot; the alkalic rock-tholeiite boundary is from MacDonald (1 968). B. APM plot; 
A = N a 2 0  + K 2 0 ;  F = F e 2 0 3  + FeO; M = MgO; tholeiite-calc-alkalic rock boundary from lrvine and 
Baragar (1 971 ). 



Geochronologic s tud ies  done elsewhere i n  the Wyoming Province 

(Stueber and others,  1976; Peterman and H i l d r e t h ,  1978, Reed and Za r t -  

man, 1973) have def ined episodes o f  i n t r u s i o n  o f  gabbroic magma around 

2500 m.y., 2100-2009 m.y., and 1700 m.y., and we t e n t a t i v e l y  c o r r e l a t e  

these ages w i t h  .the f i e l d s , d i s c u s s e d  above: r o c k s . o f  f i e l d  l ' a r e  prob- 

ab l y  Archean; rocks o f  f i e l d  2 a r e  be l ieved t o  be 2100-2000 m.y.; and 

rocks o f  f i e l d  3 may be e i t h e r  2000'm.y. o r  1700 m.y. o r  some o f  each. 

The 2000-211CO m.y .  age f o r  many o f  the  l a rge  s i l l s  i n  ' the Deep Lake Group 

and Phantom Lake S u i t e  i s  reasonable on geo log ic  grounds. These i n t r u -  

s ives  a re  located w i t h i n  about 30 km'morth o f  the Cheyenne B e l t  and a r e  

be l ieved t o  have been emplaced du'ri'ng a r i f t i n g  episode. The most l o g i -  

cal  t ime fo r  r i f t i n g  i s  about..2100 m.y. -- the age o f  tens iona l  t e c t o n i c s  

( r i f t i n g ? )  and emplacement 'o f  the  N i p i s s i n g  Diabase i n  the Canadian Sh ie ld  

( ~ a i  rba i  r n  and o thers ,  1969) and the  age o f  the emplacement o f  t he  Blue 

Draw Metagabbro i n  the Black H i  11s (~edden ,  1980). 

Many uranium-thorium' bear ing  quar tz-pebble conglomerate beds are  i n  

contact  w i t h  major s i l l s  o f  gabbroic  composit ion. The uranium has c l e a r l y  

been r e d i s t r i b u t e d  near d i k e  contac ts  and there  i s  some enrichment l o c a l l y .  

We have found no evidence, however, t h a t  these maf ic  i n t r u s i v e  bodies were 

a source o f  uranium i n  the  quartz-pebble conglomerates. 

The o n l y  f e l s i c  igneous rock o f .  Proterozoi'c age n o r t h  'of t he  Cheyenne 

Be1 t i s  t he  Gaps Trondhjemi t e .  Th i s  u n i t  c rops  ou t  .i.,n . . several  small i n t r u -  

s i v e  bodies which ma i :n l i  crosscut  rocks'  o f  t h e  Lower ' ~ i ~ b ~  C,reek Group but  

.-which a l s o  appear .to crosscut  .the' upper -D'eep Lake .Group ' i n  the S i e r r a  Madre. 

The t rondh jemi te  i s  always associated i n  outcrop wiXh gabbroic d ikes  and 

s i l l s  .and i t  p l o t s  on the  AFM diagram "in about.  t he  Same f i e l d  as the gab- 

b r o i c  i n t r u s i v e s  which crosscut  the Libby Creek Group ( ~ i g u r e  1'.8). 



The re fo re ,  we be1 i e v e  t h a t  t h e  Gaps Trondh jemi te  i s  co -genet i c  with 

( b u t  a f e l s i c  d i f f e r e n t i ' a t e ) o f  these gabbro ic  i ' n t rus ives .  The Gaps 

~ r o n d h j e m i  t e  has r e c e n t l y  been dated as 2000 m.y. o l d  (.car1 Hedge, pe r -  

sonal  communication, 1980) wh ich  i m p l i e s  t h a t  i t  and a t  l e a s t  some of 

t h e  gabb ro i c  i n t r u s i v e s  i n  t h e  L ibby Creek Group were r e l a t e d  t o  t h e  

proposed 2100-2000 m.y. r i f t i n g  event  i n  southeastern Wyoming. 

The Gaps Trondh jemi te  i s  a l s o  o f  i n t e r e s t  w i t h  respec t  t o  uranium. 

Outcrops near  Lewis Lake c o n t a i n  f r a c t u r e  systems l o c a l l y  f i l l e d  w i t h  

u r a n i n i t e .  So f a r ,  the  maximum th i ckness  o f  m i n e r a l i z e d  f r a c t u r e s  found 

i s  on t h e  s c a l e  o f  m i l l  imete rs  and maximum rock  assays y i e l d  1000 ppm U. 

However, we have n o t  e x t e n s i v e l y  prospected a l l  ou tc rops  o f  Gaps Trond- 

h j e m i t e  and we have no subsur face i n f o r m a t i o n  so t h a t  more ex tens i ve  and 

r i c h e r  u r a n i n i t e  v e i n l e t s  may conce ivab ly  be found i n  t he  f u t u r e .  The 

source o f  t h e  uranium i s  n o t  c l e a r  b u t  we assume i t  was concentrated f rom 

low-grade sedimentary rocks  d u r i n g  ascent  o f  t he  f e l s  i c  magmas. 

P r o t e r o z o i c  igneous rocks  o f  a much g r e a t e r  v a r i e t y  a r e  p resen t  

sou th  o f  t h e  Cheyenne B e l t .  The o l d e s t  i n t r u s i v e s  a r e  a s e r i e s  o f  l a r g e  

l aye red  m a f i c  complexes o f  t h e  southern S i e r r a  Madre and Medic ine Bow Moun- 

t a i n s  wh ich  a r e  dated as about 1800 m.y. (Synder and Hedge, 1978). G r a n i t i c  

g r a n o d i o r i t i c ,  a d a m e l l i t e  and t o n a l l r e  l ' n t r us i ves  a r e  p resen t  t h a t  range 

i n  age f rom'about  1750 t o  1600 m.y. and l a t e  a n o r t h o s i t e  (.1500 m . ~ . ) :  and 

g r a n i t e  ( 1400 m.y.) a r c  a l s o  common south of t hc  Chcycnnc B c l t  ( . ~ i , l l s  

and Houston, 1979). The l aye red  complexes and v a r i o u s  f e l s i c  i n t r u s i v e s  

wh ich  range i n  age f rom about 1800 m,y. t o  1700 m.y, may be comagmatic 

w i t h  v o l c a n i c  rocks (now hornbledde gneisses) be l i eved  t o  have been formed 

i n  P r o t e r o z o i c  i s l a n d  a rcs .  The younger i n t r u s i v e s  o f  g r a n i t e  and anor tho-  

s i t e  a r e  p o s t - t e c t o n i c  and t h e i r  o r i g i n  i s  n o t  known. 

9 6 



SUMMARY OF REG1 ONAL GEOLOG l C AND TECTON 1 C H l STORY AND THEI R S l GN l F l  CANCE 

I N  URANIUM PROSPECTING 

F igure  1 ,g i s  a  summary o f  our  i n t e r p r e t a t i o n  o f  the  Precamb,rian 

geo log i c  h i s t o r y  o f  southeastern Wyoming. As shown, an Archean basement 

o f  g n e i s s i c  rocks o l d e r  than about 2700 m.y. e x i s t e d  i n  southeastern Wyo- 

ming, o r  i n  a  l o c a l i t y  near southeastern Wyoming, p r i o r  t o  d e p o s i t i o n  o f  

rocks o f  t h e  Phantom Lake Metamorphic S u i t e .  The basement cons i s ted  o f  

g n e i s s i c  rocks and greenstoie b e l t s  w i t h  t he  former predominat ing i n  t h e  

S i e r r a  Madre and Medic ine Bow Mountains.  These g n e i s s i c  rocks o f  Archean 

age had a w e l l  developed f a b r i c  which p robab ly  formed d u r i n g  an ep isode 

o f  i s o c l i n a l  f o l d i n g  and metamorphism o f . p r o t o l i t h s  o f  t he  gneisses. The 

e a r l i e s t  f o l d s  recognized i n  t he  Archean gneisses a r e  f o l d s  o f  t h i s  e a r l y  

f o l i a t i o n  t h a t  t r e n d  n o r t h   ouston on and o the rs ,  .1968). 

Sedimentary and v o l c a n i c  rocks o f  t he  Phantom Lake Metamorphic S u i t e  

were depos i ted  on t h i s  basement p robab ly  between 2900 m.y. and 2700 m.y. 

I n i t i a l  c l a s t i c  sed imenta t ion  took  p l ace  i n  b ra i ded  r i v e r s  and s t reams.on 

a we1 1 -developed landmass contemporaneous w i t h  subae r i a l  vo lcanism i n  

o t h e r  p a r t s  o f  t he  bas in .  

The m ine ra l s  and rock  fragments i n  quar tz -pebb le  conglomerates o f  the  

lower Phantom Lake Metamorphic S u i t e  were de r i ved  f rom a g n e i s s i c  t e r r a n e  

c o n t a i n i n g  f o l  i a t e d  gray gneisses and granod i o r i  tes .  The t h o r i  um t o  uranium 

r a t i o  o f  c o n s t i t u e n t s  o f  t he  g r a n i t i c  source was high., as i:s r e f l e c t e d  i n  

h i g h  Th/U i n  the  Archean conglomerates. The shape and e x t e n t  of  t he  land- 

mass and t h e  o r  i g i'na 1 depos i t iona 1 bas i.n a r e  unknown. 

Pa leocur ren t  da ta  and l i t h f a c i e s  v a r i a t i o n s  i n  t he  f l u v i a l  rocks o f  

the  lower Phantom Lake S u i t e  suggest a  n o r t h e r n  source f o r  t he  sediment. 

The pa leocu r ren t s  i n  t he  Deep Gulch Conglomerate o f  t he  nor thwes te rn  S i e r r a  

97 re 
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Madre were main ly  d i r e c t e d  south (.Plate 71, a1 though the complexi ty  o f  

f o l d i n g  i n  t h  i s  area makes these d i ' r ec t  ions somewhat quest ionable; and 

the Rock Mountain Conglomerate o f  - the nor theas tern  Medicine Bow Moun- 

t a  ins  passes south i n t o  volcan i c l a s t  i c  rocks suggest ing . . a southward 

prograding a1 l u v i a l  fan  system. Both o f  these areas were probably c l o s e  

t o  the margins o f  the Phantom Lake S u i t e  depos i t i ona l  basin.  F l u v i a l  

rocks i n  bo th .  ranges a r e  o f  1 imi,t'ed l a t e r a l  ex ten t  and grade q u i c k l y  

(over several hundred meters) upward i n t o  shal low marine q u a r t z i t e s  (and 

marble i n  the S i e r r a  Madre) w i t h  bimoda.1-bipolar pa leocur ren ts  d i r e c t e d  

nor theas t  and southwest. These pa leocur ren ts  presumably represent  ebb 

and f l o o d  cu r ren ts  i n  i n t e r t i d a l  depos i t i ona l  s e t t i n g s  and suggest e i t h e r  

a  nor thwest- t rending sho re l i ne  i n  t h i s  area o r  depos i t i on  i n  a  nor theas t -  

t rend ing  emhayment o r  t rough ( s i m i l a r  t o  the  l a t e r ,  Pro terozo ic ,  r i f t  

basin) , in which seas cou ld  transgress and reg.ress. Deposi t ion o f  marine 

q u a r t z i t e s  was i n t e r r u p t e d  aur ing  middle Phantom Lake S u i t e  depos i t i on  

by widespread.volcanism and depos i t i on  o f  t h i c k ,  main ly  subaer ia l ,  volcano- 

c l a s t i c  sediments. Uppermost Phantom Lake S u i t e  depos i t i on  was again o f  

marine q u a r t z i t e s  which e x h i b i t  northeast-southwest b imodal-b ipolar  paleo-  

c u r r e n t  d i s t r i b u t i o n s .  

The maximum th ickness of the sedimentary and vo l can ic  rocks o f  the 

Phantom Lake Metamorphic Su i te  i s  unknown because o f  erosi:on and cover o f  

younger rocks, bu t  i t  must have exceeded ,4780 meters. 1.t i.s conceivable 

tha t  the sedimentary succes.sion may have been t h i c k  enough t o  cause l o c a l  

me1 t ing  of  g ran i  t i c  mater i'al a t  t he  base o f  the  sedimentary wedge a t  a  

. t ime o f  h igher  heat f low.  dur ing the  Archean because .g ran i t i c  i n t r u s i v e s  

dated as about,2700 m,y. inLr'urles the  lower p a r t  o f  the succession i n  the 



S i e r r a  Madre. However, i t  seems more probable t o  us t h a t  t he  g r a n i t e  

may have formed d u r i n g  the  deformat ion and metamorphism o f  the Phantom 

Lake Metamorphic Su i te ,  which a re  the  most h i g h l y  deformed and meta- 

morphosed o f  any miogeoc l ina l  rocks i n  southeastern Wyoming. I n  t he  

S i e r r a  Madre and Medic ine Bow Mountains Phantom Lake Metamorphic S u i t e  

rocks have been deformed i n t o  t i g h t  t o  i s o c l i n a l  f o l d s  and metamorphosed 

t o  amphibo l i te  f ac ies .  

I n  the  S i e r r a  Madre, i s o c l i n a l  f o l d s  and a x i a l  p lane s c h i s t o s i t y  

o f  t h e ' e a r l  i e s t  recognizable f o l d  system (F o f  F igure  1.9 and P l a t e  6) 
1 

have been complexly r e f o l d e d  and now d i p  a t  r e l a t i v e l y  shai low angles 

south i n  t h e  c e n t r a l  S i e r r a  Madre, west i n  t he  western S i e r r a  Madre, and 

nor thwest  i n  t he  nor thwestern S i e r r a  Madre (P la te  6 ) .  F appears t o  be 
1 

a nappe system b u t  we a r e  unsure o f  the  i n i t i a l  d i r e c t i o n  o f  vergence. 

As shown i n  F igure  l. lOA,F fo lds  i n  t he  Medicine Bow Mountains now s t r i k e  1 

g e n e r a l l y  nor theas t  and a r e  over turned,  w i t h  a x i a l  planes d ipp ing  no r th -  

west (southeast vergence; P l a t e  3 ) .  Deformation o f  rocks of t he  Phantom 

Lake Metamorphic S u i t e  i n  both ranges was severe enough i n  t h i s  f i r s t  e p i -  

sode t o  des t roy  many pr imary sedimentary s t ruc tu res  so t h a t  our i n t e r p r e -  

t a t i o n s  of  the s t r a t i g r a p h y  and s t r u c t u r e  o f  these rocks a re  less w e l l -  

cons t ra ined than those f o r  the  Ear ly  Pro terozo ic  metasedimentary sequences. 

Deformation and metamorphism o f  rocks o f  the Phantom Lake Metamorphic 

Sui t e  was. probably p a r t  o f  a general e p i s ~ d e  o f  Late Arcthean orogeny i n  

the  Wyoming . . Prov ince o r  I t  may have been p a r t  o f  several episodes o f  orogeny 

spanning the  t ime f rom about 2700 m.y. t o  2500 m.y. Grani,te i n t r u s i v e s  

dated as about 2700 m.y. ( s i e r r a  Madre, Hedge, personal communication;. 

1980), 2600 m.y. ( ~ a r t v i l l e  U p l i f t ,  Snyderj 1980), 2500 m.V:.(,Lara- 

mie Mountains, H i l l s  and Armstrong, 1974) and 2500 m.y. ( ~ e d i c i n e  Bow 



Mountains, H i  1 1 s and others,  1968) c rosscut  the var ious  sedimentary and 

metavolcanic successions i n  southeastern Wyoming. The 2600 t o  2700 m.y. 

g ran i tes  appear t o  be more maf i'c (g ranod i o r  i tes  and. tona l  i tes  predomi n- 

a te )  and the  younger, 2500 m.y. o l d  g ran i tes  appear t o  be r i c h e r  i n  K- 

fe ldspar  (quar tz  monzoni tes  and granod ior i  tes  predominate) . The g r a n i t i c  

rocks may have formed by d i f f e r e n t  processes o r  from d i f f e r e n t  types o f  

source rocks ( I - t y p e  o l d e r  g ran i tes  versus S-type younger g r a n i t e s ? )  . 
O r ,  Archean g r a n i t i c  rocks i n  southeastern Wyoming may r e f l e c t  an i n -  

creasing component o f  upper c r u s t a l  contaminat ion o f  mantle o r  lower 

c r u s t  der ived magma, w i t h  t ime. These p~'oblt ins w ~ i i l l l  be a r1-u; ~ r u l  

area f o r  f u r t h e r  .research. C e r t a i n l y  by about 2400 m.y. the  general o u t -  

l i n e  o f  the Archean Wyoming Province w i t h  g r a n i t i c  gneiss te r rane,  i n -  

fo lded greenstone be l t s ,  i n fo lded  miogeoc l ina l  successions, and Late 

Archean g r a n i t i c  i n t rus ions  were es tab l ished and a pe r iod  o f  u p l i f t  .and 

eros ion began. 

By about 2400 m.y., a once more ex tens ive  Wyoming Province i n  south- 
, . 

eastern W.yoming began t o  rup tu re  and i n t r a c o n t i n t a l  r i f t s  and aulocogens 

developed. p r i o r  t o  r i f t i n g  and i n  the  i n i ' t i a l  stages o f  r i f t i n g ,  a l -  

l u v i a l  fans and bra ided r i v e r  systems developed on the eroded Archean 

landmass i n  the S i e r r a  Madre, Medicine Bow Mountains, and probably i n  t he  

Black H i l l s  o f  South Dakota. The r i v e r  systems must have extended over a 

wide area because the present outcrop areas extended over a l a t e r a l  di:s- 

t a n c e o f  over  420 k i lometers ,  I t  i s  these Ear ly  Pro terozo ic  f l u v i a l  sed i -  

ments t h a t  con ta in  uranium and thor ium minera ls  i n  h igh  enough concentra- 

t i o n s  t o  be o f  poss ib le  economic i n t e r e s t .  The lower thor ium t o  uranium 

r a t i o  o f  these depos i ts  compared t o  the Phantom Lake S u i t e  f l u v i a l  rocks 
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CONTINENTAL 

A. LATE ARCHEAN OROGENESIS - 2500 m.y.: SOUTHEAST VERGING DEFORMATION IN 
. .PHANTOM LAKE SUITE (F,); EMPLACEMENT OF SYNOROGENIC GRANITE SILLS 

AND PHACOLITHS. 

\ , SOUTHERN 

B. RIFT VALLEY SYSTEM -2300m.y.: UPLIFT AND RIFTING OF STABILIZED ARCHEAN 
CRATON; FLUVIAL DEPOSITION OF LOWER DEEP LAKE GROUP, INCLUDING RADIO- 
ACTIVE CONGLOMERATE. 

C. PROTO-OCEANIC GULF -2200rn.y.: DELTAIC DEPOSITION OF UPPER DEEP LAKE AND 
LOWER LIBBY CREEK GROUPS; FOLDING OF DEEP LAKE GROUP (F,); INTRUSION OF 
THOLEllTlC SILLS. 

D. OPEN OCEAN - 2 0 0 0  m.y. : CARBONATEISHALE DEPOSITION IN UPPER LIBBY CREEK 
GROUP; APPROACH OF ISLAND ARC FROM SOUTH. 



X x x x  

E. CONTINENT-ISLAND ARC COLLISION -1800m.y.: OBDUCTION OF ISLAND ARC; 
THRUSTING IN LIBBY CREEK GROUP AND FOREARC VOLCANOGENIC ROCKS. 

X X X  

X X X  

F. FLIP IN DIRECTION OF SUBDUCTION -1700m.y.: ROTATION OF BEDS AND THRUSTS; 
CONTINUED THRUSTING; F, AND F2 FOLDING IN LIBBY CREEK GROUP; F3 AND F4 
FOLDING IN DEEP LAKE GROUP AND PHANTOM LAKE SUITE; MAXIMUM METAMORPHISM. 

G. STRIKE SLIP MOVEMENT ON SHEAR ZONE -1600m.y.; INTRUSION OF POST-OROGENIC 
SHERMAN GRANITE. - 1400 m.y.; UPLIFT DURING LARAMIDE OROGENY -70  m.y.; 
EROSION TO PRESENT TOPOGRAPHY. 

FIGURE 1.10. PLATE TECTONIC MODEL FOR THE PRECAMBRIAN TECTONIC 
HISTORY OF THE MEDICINE BOW MOUNTAINS, WYOMING. 
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i s  thought t o  r e f l e c t  the.presence o f  u r a n i u m - r i c h , ' ~ a t e  Archean g r a n i t e s  

('2500 m.y.) i n  the  source area t h a t  was being eroded a t  t h i s  ' t ime.  

As r i f t i n g  and break-up o f  t he  Archean con t i nen ta l  mass cont inued, 

narrow ocean bas i ns  formed i n  southeastern Wyoming and the Black H i  11s. 

Marine incurs ions  took  p lace  f rom the  southwest i n  Wyoming ( ~ i ~ u r e  1 . 7 ~ )  

where the  r i f t e d  margin trended nor theas t  t o  east,  and from the  southeast 

i n  t h e  n o r t h w e s t - s t r i k i n g  Black H i l l s  aulacogen. Upper Deep Lake Group 

d e p o s i t i o n  inc luded bo th  f l u v i a l  and marine sediments and probably repre-  

sents predominant ly d e l t a i c  sedimentary environments. Superimposed on t h i s  

. d e l t a i c  ' depos i t i on  was an episode o f  g l a c i a t i o n  which deposited g l a c i o -  

mar ine sediments i n  t h e  S i e r r a  Madre and Medicine Bow Mountains. 

The beds o f  t he  Deep Lake Group were fo lded  probably du r ing  and cer -  

t a i n l y  by the  end o f  depos i t i on  of the  Vagner Formation, the uppermost 

fo rmat ion  o f  the  Deep Lake Group. Deformation was no t  severe and broad 

open f o l d s  ( F ~  o f  F igure  1.9 and P l a t e  3) w i t h  axes s t r i k i n g  nor theas t  

were formed. Dur ing and/or a f t e r  t h i s  deformation basal t i c  magma o f  

t h o l e i i t i c  a f f i n i t y  was in t roduced i n  the  r i f t e d  areas forming l a rge  

gabbroic  s i l l s  and d i kes  i n  the  S i e r r a  Madre, Medicine Bow Mountains 

: f ~ i ~ u r e  1.1OC) and the  Black H i 1  1s. A si.11 i n  the  nor theas tern  Black 

H i l l s  re fe r red  t o  as the Blue Draw Metagabbroic and dated as about 2100 

m.y. (~edden ,  1980) may have formed du r ing  t h i s  r i . f t i .ng  episode. 

.Conti.nued o r  renewed g lac  Tat i on  ,took p lace i n  the i.n i, t i,a 1 stages 

o f  deposi.t.ion o f  rocks o f  the Lower Libby Creek Group. This  g l a c i a l  

p e r i o d  probably c o r r e l a t e s  w i t h  a g l a c i a l  episode recorded i n  southern'  

Canada and represented by the. Gowganda Formatiori of the Huronian Super- 

group. This  g l a c i a l  episode may have been p a r t  o f  a con t i nen ta l  



g l a c i a t i o n  over much o f  the  Canadian Sh ie ld  a t  that t ime ,(,young, . . 1970). 

As the g l a c i e r s  withdrew, a major d e l t a  was ' re-establ ish.ed i n  the  Medi- 

c i ne  Bow-Sierra Madre area and marine sandstone and.shale o f  the.Red 

Creek Q u a r t z i t e  were deposited i n  northeas.tern Utah. I n  t he  Black H i 1  l s ,  

the preserved rocks which may c o r r e l a t e  w i t h  the  Lower ~ i b b ~ ' ~ r e e k  G ~ O U ~  

a re  a deeper water f ac ies  marked b y . i r o n  format ion.  

B a s a l t i c  magma cont inued t o  be' in t roduced t o  form s i  11s and. d i kes  

i n  format ions o f  the Lower Libby Creek Group o f  the S i e r r a  Madre and 

k e d i c i n e  Bow Mountains. A d i . f fe ren t i 'a te  o f  one o f  the maf ic  i n t rus ions ,  

the Gaps Trondhjemi te ,  i s  dated as about 2000 m.y. (car1 Hedge, personal 

communication, 1980) and thus places an upper 1 i m i  t on the age o f  the  

rocks o f  the Lower Libby Creek Group; 

During the  l a t t e r  p a r t  o f  Lower L ibby Creek time, the  southern con- 

t i n e n t a l  b lock  had separated. f rom the Wyoming Province e n t i r e l y  (F igure  

1 .  l O D  and the au l  acogen o f  the Black H i  11  s  had developed i n t o  a substan- 

t i a l  northwest s t r ik ing 'seaway. ,  by p a r t i a l  separat ion o f  the Wyoming 

Province from the  Canadian Shie ld.  Extensive carbonate banks developed 

on the con t i nen ta l  margin o f  southeastern Wyoming and along s i m i l a r  

r i f t ed -marg ins  i n  Minnesota and Michigan as w e l l .  I n  the  Black H i l l s ,  

deep water f a c i e s  marked by t u r b i d i - t e  s t r u c t u r e s  i n  graywacke, subgray- 

wacke, and shale were depos i ' ted. 

By about 1900 m.y., i s l and  arcs  were formi'ng south . o f  the Cheyenne 

.Be l t  w h i l e  mari'ne deposit ion.:cont inued on the  cont i 'nental  margin. - U l t i . -  

mately the  i s l a n d  arcs began t o  move o r  be subducted towards (southeast 

d i  pp i,ng subduct i o n  zones) the A t  l a n t  i;c-type margin o f  sou theastern Wyo- 

ming (F igure  1.lOD). As the i s l and  arcs  a r e  moved toward the cont inent ,  



marine successions o f  t h e  Upper Lib,by Creek Group.were t h r u s t  over rocks 

o f  the  Lower L ibby Creek.Group and a se,ries o f  p a r a l l e l  t h r u s t s  were 

formed i n  t h e - L i b b y  Creek Group o f  the  S i e r r a  Madre and Medicine Bow 

M0un ta i . n~  ( ,~ i . gu re  1. lOE) . A simi l a r  event probably .was . t a k i n g  p lace i n  

no r theas te rn  Utah (Graff  and- others., ,1980'):: U l t i m a t e l y  the  i s l a n d  

a rcs  were p a r t i a l l y  t h r u s t  over  the con t i nen t  and welded t o  the con t i nen t  

r e s u l t i n g  i n  severe deformat ion and metamorphism and j u x t a p o s i t i o n  of  two 

very d i t t e r e n t  P ro te rozo i c  metasedimentary terranes ( ~ i ~ u r e  1 .  l O E ,  F) . We 

b e l i e v e  t h a t  the B lack  H i l l s  aulacosen hpgan t o  c lose  a t  about t h i s  same 

t ime so t h a t  t he re  was complex in te r fe rence of  s t ruc tu res  .developed rl~.tr- 

i n g  c l o s u r e  of  t he  nor thwest  s t r i k i n g  Black H i l l s  t rough and the  c o l l i s i o n  

o f  i s l a n d  arcs  w i t h  the  eas t -  t o  n o r t h e a s t - s t r i k i n g  con t i nen ta l  margin o f  

southeas t e r n  Wyoming., 

Deformation du r ing  c o l l i s i o n  o f  t he  i s l a n d  a r c ( s )  and the Wyoming 

Province. , , was. undoubted1 y ext remely comp.lex and no t  conf ined t o  the r i f t  

area where we see Ear l y  P ro te rozo i c  rnetasedfi'mentary rocks preserved today. 

A v a i l a b l e  evidence permi ts  our  i n t e r p r e t a t i o n  t h a t  i n i t i a l  sub-hor izonta l  

t h r u s t i n g  i n  the miogeocl ine formed.an extensive fo re land  t h r u s t  b e l t  which 

may have extended hundreds o f  k i l ome te rs  on to  the  Wyoming craton.  Then, 

cont inued compressional s t resses  caused r o t a t i o n  of  t h rus ts  t o  steep a t t i -  

tudes i n  t h e  marginal a'rea and accompanying north.east-trending F f o l d s  i n  1 

the  Libljly C.reek Group & i g u r e  1 ;9). Th is  rotat i 'on may have been due t o  a 

temporary s h i f t . , , i n  d i r e c t i o n  o f  subduct'ion dur ing  c o l l  i 'sion ( f i gu re  1 . 1 0 ~ ) .  

Rocks o f  t he  under l y ing  Deep Lake Group and Phantom Lake Metamorphic Su i te  

were ' r e fo lded  and . f u r t h e r  compressed a t  t h i s  ttme (IF f o l d i n g  i:n. Deep Lake 
3 

and Phantom Lake, F igure  1.9). The metasedimentary rocks. of the  Deep Lake 

Group and Libby Creek Group were metamorphosed t o  greenschist  f ac ies  dur ing 



t h i s  episode, about 1700 m.y. ago, as i nd i ca tdd  by 1700 m.y. metamor- 

ph ic  dates f o r  t he  Lookout Sch is t  o f  the Lower Libby Creek Group o f  the  

Medicine Bow Mountains ( ~ i  1 1  s and others,  1968). 

I n  the  S i e r r a  Madre and Medicine Bow ~ o u n t a j n s ,  as w e l l  a's elsewhere 

i n  the  Wyoming Province (wind River  Mountains, Worl, 1968; O w l  Creek Moun- 

ta ins ,  G l i o z z i ,  1967; Black H i l l s ,  K le inkopf  and Redden, 1975), l a t e  f o l d s  

w i t h  northwest t rends and l a t e  p e n e t r a t i v e  S-surfaces t h a t  s t r i k e  northwest 

are superimposed on e a r l i e r  s t ruc tu res .  Th is  nor thwest- t rending deforma- 

t i o n  ( . F ~ / F ~  f o l d i n g  i n  Deep Lake Group/Li bby creek Group o f  F igure  1.9) 

must have taken p lace p r i o r  t o  about 1740 m.y., i f  i t i s  synchronous w i  t h  

Black Hi1 1s f o l d i n g ,  because the.metasedimentary and metavolcanic rocks o f  

the Black H i l l s  t h a t  have northwest f o l d  axes are  c u t  by Harney Peak Gran- 

i t e  dated as about 1740 m.y. ( ~ i l e y , '  1970). The northwest o r i e n t e d  F /F 4 2 

f o l d s  a r e  best  developed i n  zones which a re .  separated from each o the r  by 

l a rge  b locks r e l a t i v e l y  unaf fec ted  by the  event.  I n  t he  Medicine Bow Moun- 

ta ins  no r thwes t - s t r i k i ng  pene t ra t i ve  sur faces a r e  best developed i n  the  

nor theastern margin o f  the mountains and a re  co inc iden ta l  w i  t h  and prob- 

ably  c o n t r o l l e d  the l o c a t i o n  o f  the n o r t h w e s t - s t r i k i n g  A r l i n g t o n  f a u l t  

o f  Laramide age. The. development o f  thes.e l a t e  northwest f o l d s  and. S -  

surfaces i s  be1 ieved to.  be r e l a t e d  t o  c l o s i n g  o f  the Black Hi .11 s a'ulacogen 

which may have been t r i g g e r e d  . . by c o l l i s i o n  o f  i.s,land arcs aga ins t  the Wyo- 

. ming Province. Th is  c o r r e l a t i o n  might d.epend on the angle o f  approach o f  

i s l and  arcs t o  the cont i .nent o r  the confi'gurati'on of the  continent a t  t ime 

o f  c o l l  i s i o n  -- both  unknown. 

Fol lowing the  development o f  the northwest s t ruc tu res  n o r t h  o f  the  

Cheyenne Be l t ,  t he re  appears t o  have been a change from compressive st resses 

t o  shear s t resses across the  Cheyenne Bel t .  F /F f o l d s  i n  the Deep Lake 5 3 



Group/Li bby Creek Group have v e r t i c a l  f o l d  axes and ar.e presumed t o  repre-  

sent r o t a t i o n a l  f o rces  and these 'appear ' to :have. fo rmed 'dur ing  in tense cata-  

c l a s i s  and shear ing i n  t he  ~hey'enne Bedt shear zones'. These deformations 

appear t o  r e f l e c t  i n i t i a t i o n  o f  transform ( l e f t - l a t ~ r a < l ] '  mot ion  along the  

p l a t e  suture.  ' G r a n i t i c  and gabbroic i n t rus i ves .  invade ' the  shear zones and 

l o c a l  me1 t i n g  occur red  i'n the shear zone t o  develop migmati ' te. . I n  the .. 

S i e r r a  Madre, the  Si'erra,Madre g r a n i t e  o f  D i v i s  (1977) cu ts  across the 

sheared rocks o f  t he  Cheyenne B e l t  and i s  i t s e l f  sheared. Th.is g r a n i t e  i s  

dated as about 1635 m.y. (,Hi 11s  and Houston, 1979) and about 1'645 m.y. ' 

( ~ i v i s ,  '1977) and i s  Llsouql~L Lo l~ r lve  bee11 fumed durtng rhe lafc stages nf 

the  c o l l i s i o n  event. I f  so, i t  suggests tha t .most  o f - t h e  c o l l i s i o n a l  o ro-  

genesis took p lace,  be fore  about 1640 m. y. 

The Nu l l en  Creek-Nash Fork shear zone of the Medicine Bow Mountains, 

w h i c h  i s ' t h e  major man i fes ta t i on  o f  the  Cheyenne B e l t ,  can be t raced 

no r theas t  t o  t h e  Laramie 'Range where i t  crops ou t  i n  .the :Richeau' H i l l s  

then t o  an area south o f  the  H a r t v i l l e  U p l i f t  where sheared Precambrian 

rocks a r e  brought up a long T e r t i a r y  normal f a u l t s .  The ~ u l  l e v  Creek- 

Nash Fork shear zone can a l s o  be t raced southwest i n t o  S i e r r a  Madre where 

i t  changes s t r i k e  t o  a more wester ly  trend.. This  stiear'zone was probably 

the  s i t e  o f  s t r i k e - s l i p  movement i n  the  l a t e .  stages o f  c o l l i s i o n ,  as .d - is - .  

cussed above, bu t  i t  a l s o  may have cont'inued t o  move . l a t e r  i n  the  Pro tero-  

z o i c , a s  a t rans form ' f a u l t  ( ~ a r n e r ,  1978), . a f t e r '  the c o l l  i s i o n .  In any 

event, t he  P ro te rozo i c  movement on. thi:s f a u l t  i's probably the  l a s t  event 

o f  a f a s c i n a t i n g  Late Archean-Early Pro terozo ic  h i s t o r y  o f  southeastern 

Wyoming. _ . I  

The above sequence o f  events suggests t h a t  a t  one t ime much o f  the 

southeastern p a r t  o f  the  Wyoming Pro?:ince was covered .by sedimentary rooks 
\ 

o f  Ea r l y  Pro terozo ic  age. I t  suggests t h a t  an Ear l y  Pro terozo ic  landmass 
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o f  about' 2400 m.y. had a ser ies  o f  bra ided streams and r i v e r s  t h a t  f lowed 

across a deeply weathered Archean te r rane  o f  ' r e l a t i v e l y -  low ye1 i'ef and oc- 

cupied g'raben-l ike r i f t  v a l l e y  basins.. I t  imp l ies  t h a t  uranium-thorium 

bear ing quartz-pebble cong1omerat.e mi'ght have been deposited over a f a r  

g rea ter  area than the th ree  l o c a l i t i e s  i n  which they have been found. From 

an e x p l o r a t i o n i s t s  v iewpo in t  th is 'seems promising, b u t  there  are  two l i n e s  

of evidence t h a t  argue aga ins t  i t .  

(1) The bes t  chance o f  p reserva t ion  o f  sedimentary and v o l c a n i c .  rocks 

o f  Ear ly  Pro terozo ic  age tha t  have been exposed t o  e ros ion  p e r i o d i c a l l y  

f o r  the  l a s t  1600 m.y. would be i n  r i f t s ,  grabens, o r  i n fo lded  sync1 ines. 

These s t ruc tu res  a re  probably uncommon, and t h e i r  most probable occurrence 

i s  near a con t i nen ta l  margin where they have a l ready  been located.  

(2) The geochronological boundary i n  the  Archean te r rane  o f  southeast 

Wyomi ng , as def ined by Hi 1 1 s and Armstrong (1.974) and by Peterman and 

H i  l d r e t h  (1978), i s  a 1 ine extending roughly eastward from the southern 

Wind R iver  Mountains t o  the  nor thern  Laramie Range (peterman and Hi l d r e t h ,  

1978, p. 18, f i g .  8) south o f  which minera l  ages decrease t o  between 1400 

m.y. and 1600 m.y. Peterman and H i l d r e t h  (1978, p. 20) suggest t h a t  t h i s  

'age p a t t e r n  cou ld  have been generated by v e r t i c a l  up1 i f t  o f  t h i s  southern 

b lock  between 1400-1600 m.y. The 'area a f f e c t e d  by t h i s  "up1 i ft!' may have 

been the area covered by a fo re land  t h r u s t  b e l t  conta7ni;ng Ear l y  Protero-  

zo ic  metasedimentary rocks. The t o t a l  tbi.ckness of  metasedimentary rocks 

of Ear ly .  Pro terozo ic  age i n  the ~ e d i ' c i n e  Bow Mountai;ns i.'s on the  order  of 

10 k i  lometers. The rnetasedimentary rocks o f  the c ra ton  were probably less  

than one-half t h i s  th ickness .bu t  would have been t e c t o n l c a l l y  th ickened by 

t h r u s t  f a u l t i n g . ,  Peterman and H i l d r e t h  (1978) suggested . . t h a t  an up1 i f t  of  
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0 ten  k i  lometers o r  so was requ i red  t o  cause a 300 @. temperature change o f  

m ine ra l s  and thus a l t e r  mineral  ages downward. Th is  i s  about the  r i g h t  

amount o f  e ros ion  t o  remove the e n t i r e  Ea r l y  Pro terozo ic  cover o f  the 

sduthern Wyoming Prov ince c ra ton  and i s  i n d i r e c t  support f o r  t o t a l  re -  r 

moval o f  Ea r l y  Proterozoi 'c  sediments.of  southern Wyoming, e x c e p t . i n  c ra -  

t o n i c  margin areas. 

I f  Ea r l y  P ro te rozo i c  sedimentary rocks were deposited n o r t h  o f  the  

geochronolog i ca 1 , boundary i.n t he  c e n t r a l  Wyoming Province t h e i  r po tent  i a  1 .- 
o f  prese rva t i on  might  be greater ,  bu t  un fo r tuna te l y  t h i s  area has r e l a -  

t i v e l y  few La te  Archean q r a n i t e s  t h a t  a r e  the  best  source o f  uranium and 

thor ium minera ls .  Thus i t  .appears. t h a t  the  Wyoming Province i s  no t  a 

promis ing area t o  prospect  f o r  a d d i t i o n a l  uranium-thorium bear ing quar tz -  

pebble conglomerate o f  E a r l y  P ro te rozo i c  age. 

DI:STRI BUT I ON, STRUCTURE AND U. ' ~ h  ASSAYS OF RAD l OACT l VE CONGLOMERATES 

P l a t e  5 shows the  d i s t r i b u t i o n  o t  r a d i o a c t i v e  conglomerates i n  the 

S i e r r a  Madre ( ~ e e p  Gulch Conglomerate o f  the  Jack Creek Q u a r t z i t e  and 

Magnolia format ion)  and P l a t e  1 shows the d i s t r i b u t i o n  o f  r a d i o a c t i v e  

conglomerates i n  t he  Medi'cine Bow Mountai'ns. I n  both ranges, radioac-  

t i v e  conglomerates occur i n  f l u v i a l  metasedimentary rocks of Laee Archean 

and Ear l y  P ro te rozo i c  age. 

Wan ivm - and T ho r i  um-Bear lng Conglomelrates o f  kchean  Pge 

S i e r ' ra  Mad r e  

I n  the S i e r r a  Madre, uranium- and thori.um-bear ing  conglomerates of  

La te  Archean age occur i n  the Jack-Creek Q u a r t z i t e  of the Phantom Lake 

Metamorphic Su i te ,  which crops o u t . i n  the  c e n t r a l  and northwestern S i e r r a  



Madre ( P l a t e  ,5) .  The Jack Creek Q u a r t z i t e  i s  the' basal  s u b d i v i s i o n  o f  

the  Phantom Lake Metamorphic S u i t e  (Figure 1.6) and i s  i n  t he  h inge  o f  

an over tu rned  and f a u l t e d  sync l i no r i um t h a t  has been. t raced  throughout  

the n o r t h e r n  and western S i e r r a  Madre. The s t r u c t u r a l  i n t e r p r e t a t i o n  o f  

P l a t e s  5  and 6  shows a  complex sync1 inor ium ( t h e  Rudefeha Sync l inor ium 

o f  P l a t e  6) w i t h  an e a s t - s t r i k i n g  a x i a l  p l ane  over tu rned  and d i p p i n g  

south a t  a  low ang1e. i .n the  c e n t r a l  S i e r r a  Madre. The ~ a c k  Creek Qua r t z -  

i t e . i s  exposed on the  n o r t h  l i m b  o f  t h e  sync l i no r i um i n  t h e  c e n t r a l  S i e r r a  

. Madre a n d . i s  covered on t he  south,  where t h e  E a r l y  P ro te rozo i c  Magnol ia 

Format i o n  1 i'es unconformabl .on rocks '  o f  t he  Phantom Lake Metamorphic 

S u i t e  and covers much of the  south l imb  of t h e  sync l i no r i um.  I n  Sec t i on  

27, T'. 15 N. ,  R.  87 W.,  t he  a x i a l  p l ane  o f  t he  sync l i no r i um i s  r o t a t e d  

so t h a t  i t  s t r i k e s  n o r t h  and here  bo th  l imbs  o f  t h e  over tu rned  s y n c l i n e  

a re  exposed and t he  Jack Creek Q u a r t z i t e  i s  exposed on bo th  t h e  western 

and eas te rn  1 imb o f  the  f o l d  ( p l a t e  5 ) .  The eas te rn  l'imb o f  t he  f o l d  i n  

Sec t ion  26, T. 15 N., R .  87 W. con ta i ns  severa l  i n t r a l i m b  f o l d s  i n  t he  

Jack Creek Q u a r t z i t e ;  t he  western l imb i s  p a r t l y  engu l fed  by a l a r g e  gab- 

b r o i c  s i l l  ( P l a t e  5 ) .  

I n  Sec t i on  22, T. 15 N. ,  R. 87 W .  t he  t r a c e  o f  t he  a x i a l  p l ane  o f  

t he  sync l i no r i um i s  o f f s e t  by an east-west f a u l t ,  t h e  Vulcan Mountain 

f a u l t  o f  P l a t e  6, which i s  i n t e r p r e t e d  t o  be a  no r th - ve rg ing  . . t h r u s t  f a u l t  

which d i s r u p t s  t he  c o n t i n u i t y  o f  the  major  s y n c l i n o r i u m  ( p l a t e  51. The 

s y n c l i n o r i u m  reappears n o r t h  o f  t he  f a u l t  (now c a l l e d  t h e  D i v i d e  Peak Syn- 

c i n l o r i u m  i n  P l a t e  6) i n  Sec t i on  18, T. 15 N . ,  R. 87 W .  where t he  a x i a l  

p lane  s t r i k e s  no r theas t  and i s  over tu rned  toward t h e  southeast  ( P l a t e  5 ) .  



The Jack Creek Q u a r t z i t e  i s  exposed i n  the northwest and' sb;'thixis!t 1 imbs 

of  t h e  sync l i no r i um and the  southeast l imb o f  'the syn'cl'.inorium'has four  

i n t r a l  imb f o l d s  t h a t  cause repet  i t  ion  o f  the Jack Creek ~ ~ i a r t z i  t e '  . ( p la te  

Far ther  nor thwest ,  t h e  t race  o f  t h e ' a x i a l  p lane o f  the  sync l inor ium 

i s  aga in  o f f s e t  by a l e f t  latera.1 f a u l t  of major p ropor t ions  (.the SSvery 

Creek f a u l t )  t h a t  s t r i k e s .  nor thwest .  and. extends. some 30' km. frm .Sect i.on 

36, T. 16 N., R. 88 W. i.n the northwest t o  Sect ion.22,  T. 14 N., R. 85 W'; 

i n  the souLl.~e;lsL, wl~er t :  I I: runs I'nro rhe Quar tz i t e  Peak t a u l t .  T h c a x i a l  

p lane o f  thc  sync1 inor ium reappears on the i . 1 ~ 1  L l~east  s ide  o f  rhe f a b l  t i n  

NE4 Sect ion 6, T. 15 N., R.' 87 W. where i t  s t r i k e s  nor theast  and ' i s ' o v e r -  

turned toward the  southeast.  ' In  t h i s  northernmost exposure o f  the  D iv ide  

Peak syncl inor ium, the  over turned f o l d  g radua l l y  changes s t r i k e  t o  east-  

no r theas t  i n  Sect ion 26, T. 16 N.', R. 87 W .  ( p l a t e  5) .  ' . . 

The complexi ty  nf t h e  s y n c 1 i n o r i u m . i ~  befit shown i n  t h i s  nor thern  

ou tc rop  area where the  northwest 1 imb i s  f a u l t e d  (northwest s ide  up) and 

the southwest l imb i s  thrown i n t o  a se r ies  o f  f o l d s  t h a t  r e s u l t  i n  repe- 

t i t  i o n  o f  the Jack Creek Quar t z i  t e  ( p l a t e  5) .  This  compound f o l d i n g  and 

f a u l t i n g  shown i n  t h e  no r the rn  ou tc rop  area probab1y.i.s present i n  o ther  

p a r t s  o f  the syncl inor ium, bu t  i n d i c a t i o n s  o f  s t r a t i g r a p h i c '  tops are. lack-  

i ng  and i t  has no t  been documented. 

Radioact ive,  uranium- and thorium-bearing quartz-pebble conglomerates 

have been recognized i n  several places i n  the northwestern S i e r r a  Madre. 

Rad ioac t ive  beds o f  the  Deep Gulch Conglomerate can be t raced f o r  about 2 

km a t  t he  Car r i co  Ranch ( ~ e c .  12, T. 15 N;, R, 83 W. and Secs. 6, 7, T. 

15 N., R. 87 w ) ,  about 1.5 km a t  Deep Gulch (Sec. 36, T. 16 N. ,  R. 88 w . )  



and about 1.5 km a t  the  Manning Ranch ( ~ e c s .  29, 30, T. !6 N. ,  R.  87 W) . 
Th i s  represen ts  a 7.5 krn long, semi-cont inuous t r e n d  o f  t h e  Deep Gulch 

Conglomerate. Sur face assays f o r  U and Th range up t o  72 pprn U and 1100 

ppm Th a t  t he  C a r r i c o  Ranch; 205 pprn U and 840 pprn Th a t  Deep Gulch; and 

21 pprn U and 410 pprn Th a t  t he  Manning Ranch. D r i l l i n g  y i e l d e d  up t o  720 

pprn U and 2600 pprn Th a t  Car r i co Ranch (Sm-2) ; up t o  490 pprn U and 483 ppm 

Th a t  Deep Gulch (JP- 1 ) ; and 48 pprn U and 653 pprn Th a t  Manning Ranch 

(JP-4).  Weakly r a d i o a c t i v e  outcrops o f  t he  Deep Gulch Cong lomerate occur  

on t he  no ' r th  s i d e  o f  a f a u l t  i n  Sec. 19, T. 16 N. ,  R .  87 W.; i n  i s o l a t e d  

ou tc rops  i n  t he  N3, Sec. 4, T. 15 N. ,  R. 87 W.;  and a t  t he  extreme eas te rn  

l i m i t  o f  ou t c rop  o f  t he  Jack Creek Q u a r t z i t e  i n  t h e  D i v i d e  Peak sync l i no r i um,  

'Sec. 35, T.  16 N., R .  87 W. (up t o  14 pprli U and 130 ppm Th) . 
S t rong l y  r a d i o a c t i v e  conglomerates a l s o  occur  i n  t he  upper Jack Creek 

Quar tz i  t e  near Dexter Peak. One ou t c rop  o f  . c q ~ a r t z - ~ e b b l e  cong lomerate near 

the  top  o f  Dexter Peak, Sec. 21, T. 15 N., R .  87 W:, y i e l d e d  up t o  131 pprn 

U. However, two d r i l l  ho les  spo t t ed  south,  a long  s t r i k e ,  y i e l d e d  maximum 

values o f  o n l y  8.2 pprn U and 66 pprn Th. M i l d l y  r a d i o a c t i v e  conglomerates 

(11 pprn U and 23 pprn ~ h )  o f  the  Jack Creek Q u a r t z i t e  a l s o  c rop  o u t  i n  Sec. 

25, T. 15 N.,  R .  87 W . ,  b u t  maximum values i n  the. subsurface ( 5 ~ - 6 ) . w e r e  

o n l y  31  pprn U and 24 pprn Th. 

Local  beds o f  r a d i o a c t i v e  conglomerate a r e  a1 so p resen t  i n  u n i t s  t h a t  

o v e r l i e  t he  Jack Creek Q u a r t z i t e .  Paraconglomerates o f  t he  S i . l ve r  Lake 

Metavolcani  c Rocks c o n t a i n  t h i n  'zones o f  quar tz -pebb le  conglomerate which 

appear t o  he a b e t t e r - s o r t e d  f ac i es  o f  ' the paraconglomerates. These occur  

i n  the S E t ,  Sec. 27, T. 15 N., R. 87 W.;  i.n t he  S f ,  Sec. 31, T. 15 N. ,  R .  

87 W.; i n  t h e  S W t ,  Sec. 11, T. 14 N.,  R .  86 W.; and i n  d r i l l  h o l e  SM-9 



(0.8 pprn U ,  9 pprn ~ h )  . py:ri t i c  quartz-pebble conglomerate, was a l s o  i n t e r -  

sected a.t the .base o f  t he  Br' idger Peak Q u a r t z i t e  i n  SM-9 and th i .s  conglom- 

e r a t e  y i e l d e d  35' pprn U and 40 ppm Th. 

. . 
Med i c i ne B6w Mounta i n s  

I n  the  Medicine Bow'Mountains r a d i o a c t i v e  quar tz-pebble conglomerate 

beds o f  Late Archean age occur  i n  the  complexly f o lded  u n i t s  o f  the  Stud 

Creek Volcanic l a s t  i c  Rocks and Rock Mounta i n  Conglomerate of the  Phantom 

Lake Metamorphic Su i te .  M i l d l y  r a d i o a c t i v e  conglomerates a r e  a l s o  l o c a l l y  

p resent  i n  the Col berg Metavolcanic Rocks and i n  the Conical Peak Q u a r t z i t e  

which a r e  the uppermost subd iv is ions  o f  the  Phantom Lake Metamorphic Su i te .  

The S'tud Creek V o l c a n i c l a s t i c  Rocks conta ins t h i n  beds o f  a r k o s i c  
, .  . 

paracong lomerate and quar tz -gran" le  conglomerate i nterbedded w i  t h  the v o l -  

c a n i c l a s t i c  rocks. The most 'extensive bed (about 1 km long and 100 m wide) 

i s  l oca ted  on t h e  n o r t h  s i d e  o f  Stud Creek , ' in  Secs. 10, 15, T. 18 N.,  R. 

79 W .  These rocks con ta in  20 pprn U and 37 pprn Th.   not her rad ioac t i ve  

conglomerate found i n  the  Stud Creek V o l c a n i c l a s t i c  Rocks was a one-meter 

t h i c k  paraconglomerate i n  SEZ Sec. 1 1 ,  P. 18 N., R. 79 W. which contained 

6.3 pprn U and 58 ppm Th. 

More s t r o n g l y  r a d i o a c t i v e  conglomerates a re  found i n  the o v e r l y i n g  

Rock Mountain Conglomerate, which crops ou t  i.n two main areas i n  the  

no r the rn  Medicine Bow Mountains. S l  i g h t l y  r a d i o a c t i v e  ( 3  t imes background) 

quar tz -granu lc  conglomerstes of the  Rock Mountaln Conglomerate crop ou t  i n  

a n o r t h e a s t - s t r  i k i n g  l aye r  from the  ~ a s t '  Fork o f  Wagonhound Creek (NEt, 

.set, 5, T .  18 N., R. 79 W.) t o  the  west 1 Sec, 27, T. 19 N - 9  R -  79 k'.-, 

a d i s t a n c e o f  about 3 km (P la te  1 ) .  Maxi:mumg'rades from thi,s zone,were 

l ess  than 5 pprn U and Th. The second outc rop  area, near Rock Mountain 

(sw&, sec. 1 ,  T. 18 N., R. 79 w. ) ,  i s  more promising. These r a d i o a c t i v e  



beds occupy an area o f  about one krn2 i n  t h e  s&; Sec. 2, T. 18 N.,  R. 79 

W. Most o f  t h e  conglomerate ou tc rops  a r e  o n l y  m i l d l y  r a d i o a c t i v e  ( 10 

pprn U and 10 ppm ~ h )  b u t  some l aye rs  c o n t a i n  up t o  270 ppm U and 95 pprn 

Th i n  outcrop.  However, these zones a r e  q u i t e  l e n t i c u l a r  and t h i n  ( c e n t i -  

meters t h i c k )  and two d r i l l  ho les,  MB-10 and MB-15, f a i l e d  t o  i n t e r s e c t  

s t r o n g l y  r a d i o a c t i v e  rocks.  Maximum subsur face va lues were 190 pprn U and 

86 pprn Th i n  MB-15. 

Rad ioac t i ve  conglomerates i n  t he  Colberg Metavolcanic  Rocks a r e  l i k e  

those found i n  the  S i l v e r  Lake Metavolcanic  Rocks o f  t h e  S i e r r a  Madre. 

They a r e  the  c l eane r  and b e t t e r - s o r t e d  f a c i e s  o f  t he  paraconglomerate.  

The bes t  example i s  a quar tz -pebb l&  cong1,omerate i n  a p rospec t  p i t  i n  

SW;, Sec. 10, T. 18 N., R .  79 W. which c o n t a i n  3 ppm U and 17ppt-n Th. A 
. . 

more weakly r a d i o a c t i v e  rock  i s  the  Colberg Metavo lcan ic  Rocks fn a 

qua r t z -g ranu le  conglomerate i n  SWt, Sec. 26, .T .  19 N., R .  79 W. which 

con ta ins  2.6 pprn U and 14 ppm Th. 

S l i g h t l y  r a d i o a c t i v e  q u a r t z i t e s  i,n t he  Conica l  Peak Q u a r t z i t e  c rop  

o u t  i n  N E t ,  Sec. 14, T. 17 N.,R. 80 W. These coarse-gra ined q u a r t z i t e s  

occupy smal l  t roughs and scours and c o n t a i n  up t o  1 ppm U and 4 pprn Th 

i n  ou tc rop .  These rocks a r e  n o t  t h e  upper p a r t  o f  a f l u v i a l  success ion 

because MB-13 d r i l l e d  a t h i c k  s e c t i o n  o f  non - rad ioac t i ve  f i ne -g ra ined  

q u a r t z i t e s  i n  t h i s  area. They may be coarser -g ra ined  beach sands, w i t h i , n  

t he  sha l low mar ine Conica l  Peak Q u a r t z i t e ,  Radroac t i ve  beds o f  u n c e r t a i n  

o r i g i n  a r e  a l s o  p resen t  i n  the  Conlca l  Peak Qua r t z i i t e  i n  t h e  S E t ,  Sec. 1 ,  . 

7. 17 N., R. 80 W .  



Uranium - and Thor i  um-Bearing Cong1omerate.s. o'f Ear ly ,  P r o t e r o z o i . ~  Age 

. 

S i e r r a  Madre 

Rad ioac t ive  quar tz-pebble conglomerate beds 'are present  l o c a l l y  i n  

basal beds o f  the  E a r l y  P ro te rozo i c  Magnolia Formation o f  the  Deep Lake 

Group i n  the S i e r r a  Madre. The Magnolia Formation i s  no t  as w e l l  de- 

f i n e d  i n  the  S i e r r a  Madre as i n  the Medicine Bow Mountains. I t  crops 

ou t  ma in ly  i n  t he  western p a r t  o f  the S i e r r a  Madre where Magnol i a  beds 

a r e  i n t e r p r e t e d  t o  l i e  unconformably on the  Phantom Lake Metamorphic 

Su i te .  The presence o f  an unconformity cannot be v e r i f i e d  a t  the  west 

margin o f  the  S i e r r a  Madre bu t  along the sec t i on  l i n e  between Sec. 34, 

T. 15 N . ,  R. 87 W. and Sec. 27, T. 15 N., R. 87 W. (P la te  5) beds o f  t h e  

Magnolia Formation s t r i k e  east almost a t  r i g h t  angles t o  the  t r a c e  o f  

' the a x i a l  p l a n e ' o f  t h e  over turned Rudefeha sync l inor ium o f  . the  . Phantom 

Lake Metamorphic S u i t e  (see Gra f f ,  1978 f o r  an a l t e r n a t i v e  i n t e r p r e t a t i o n  

o f  t h i s  s t r u c t u r e ) .  The Magnolia Formation and younger formation-s o f  the  

Deep Lake Group a r e  fo lded i n t o  broad, nor theas t - t rend ing  f o l d s  i n  t he  S E  

p a r t s  o f  T. 15 N., R. 87 W. .and the  NW p a r t s  o f  T . '14  N., R. 87 W .  ( p l a t e  

5) ,  and are severe ly  d i s rup ted  by a l a r g e  . . gabbroic i n t r u s i o n .  The Mag- 

n o l i a  Formation can be mapped t o  Sec. 18, T. 14 N., R. 86 W .  ( p l a t e  5) 

where the s t r i k e  o f ' t h e  beds begins t o  change from northwest t o  east-west 

and the  Magnolia Formation then i.s mapped on a consi,stent east  s t r i k e  f o r  

a d ls rance u r  about 20 km, s l m o ~ t  t o  rhc  east 1i.111i.t. o f  outcrop of mcta- 

sedimentary rocks i n  the  S i e r r a  Madre. 

Radioact ive quar tz-pebble conglomerate beds i n  the Magnolia Forma- 

t i o n  a r e  best  developed i n  the  western ou tc rop  area, i n  NE& Sec. 33, T. 

15 N.,  R. 87 W'.; S W t  Sec. 27, T. 15 N . ,  R. 87 W.; Nf Sec. 34, T. 15 N., 



R. 87 W.; and i n  S E t  Sec. 35, T. 15 N., R. 87 W., b u t  even i n  these l o -  

c a l i t i e s  conglomerate beds a r e  l e n t i c u l a r  and o n l y  weakly r a d i o a c t i v e  

and two d r i l l  ho les (.SM-5 and SM-11) . f a i l e d  t o  d e t e c t  s i g n i f i c a n t  min- 

e j u l  i . za t ion  i n  t he  conglomerate l a y e r s  i n t e r s e c t e d  a t  depth. (maximum 

values a r e  3 ppm U, 7 ppm Th ?n ou t c rop  and 27 ppm U, 110 ppm Th i n  

d r i l l  co re ) .  East o f  these ou tc rops ,  the  Magnol ia Format ion i s  p o o r l y  

exposed b u t  i n  t h e  NEZ Sec. 16, T. 14 N., R. 85 W .  beds o f  s l i g h t l y  r a d i o -  

a c t i v e  (3  ppm U, 33 ppm Th i n  ou tc rop)  quar tz -pebb le  conglomerate a r e  

exposed and eas t  o f  t h i s  ou tc rop ,  conglomerate l a y e r s  have been mapped 

f o r  about 6 km t o  Sec. 18, T. 14 N., R. 84 W. These conglomerate beds 

a r e  P I  ner  gra  l ned and more Pel dspa fh i c  than beds i n  t he  west and two d r i  l l 

ho les  (SM-12 and SM-8) t h a t  in te . rsected these conglomerate l a y e r s  a t  depth 

d i d  n o t  reveal  s i g n i f i c a n t  m inera l  i z a t i o n  (up t o  3 ppm U, 33 ppm Th) . 

The above i n t e r p r e t a t i o n ,  t h a t  a basal  P r o t e r o z o i c  ~ a ~ n o i i a  Format ion 

unconformably o v e r l i e s  the  Phantom Lake Su i t e ,  i s  one t h a t ' a t t e m p t s  t o  

b r i n g  the  b e t t e r  de f i ned  s t r a t i g r a p h y  o f  the  Medic ine Bow Mountains i n t o  

t he  S i e r r a  Madre. We b e l i e v e  t h a t  t h e r e  i s  good j u s t i f i c a t i o n  f o r  t he  cor -  

r e l a t i o n  between ranges because beds o f  t he  Deep Lake Group and L ibby  

Creek Group t h a t  o v e r l i e  t he  Magnol ia Format ion o f  the  S i e r r a  Madre can 

be c o r r e l a t e d  w i t h  e q u i v a l e n t  u n i t s  i n  t he  Medic ine Bow Mountains w i t h  a 

h i g h  degree o f  conf idence. I t  i s  poss ib l e ,  however, t h a t  t h e  Magnol ia 

Format ion o f  t h e  Medic ine Bow Mountains i s  m i ss i ng  i n  t h e  S i e r r a  Madre 

and t h a t  beds we have c a l l e d  Magnol ia i n  the  S i e r r a  Madre a r e  a c t u a l l y  

p a r t  o f  t h e  Jack Creek Q u a r t z i t e  and S i l v e r  Lake Metavolcanic  Rocks o f  

the  Phantom Lake Metamorphic S u i t e  ( t h i s  i s  a p r e f e r r e d  i n t e r p r e t a t i o n  

o f  Douglas Cha r l t on  o f  Resource Assoc ia tes o f  Alaska who had done d e t a i l e d  



. #  . 

mapping i n  t h i s  a rea) .  Add i t i ona l  d e t a i l e d  mapping w i t h  p a r t i c u l a r  a t -  
. .: 

t e n t i o n  t o  topp ing  c r i t e r i a  might he lp  so lve  t h i s  problem. However, 

from an economic v iewpo in t ,  t h i s  does no t  appear t o , b e  a c r i t i c a l  problem 
. .  . . . 

inasmuch as no conglomerates of  economic i n t e r e s t  have been detected i n  

t h l s  u n l t .  
, . , - I 

Medic ine Bow Mountains 
8 

I n  t h e  Medlclne Bow Mounealns r a d i o a c t i v e  quartz-pebble conglomerates 

o f  E a r l y  P ro te rozo i c  age have been found i n  the Maqnolia Formation. b ind -  

sey Q u a r t z i t e ,  and Cascade Q u a r t z i t e  o f  t he  Deep Lake Group and i n  the 

Medic ine .Peak Q u a r t z i t e  o f  t he  ~ . i ' bby '  Creek Group. 

The d l s t r l b u t l o n  of the  Magnolia Formation i s  shown i n  P l a t e  1 .  I n  

t he  c e n t r a l  Medicine Bow Mountains, T. 16 N., R. 80 and 81 W.,  the  Mag- 

no1 i a  Formation crops o u t  in .  a nor theas t - t rend ing  a n t i c l i n e  along Arras- 

t r e  Creek, where i t  l i e s  unconformably on the Phantom Lake Metamorphic 

Su i te ,  and i n  a f a u l t e d  sync l i ne  near the  conf luence o f  L i t t l e  Brush Creek 

and Brush Creek. Outcrops o f  the Magnol i a  Format i on  a r e  qu i t e  poor i n  

these areas, bu t  t he  bes t  and most cont inuous outcrops a r e  n o r t h  o f  Arras- 

t r e  Lake ( ~ e c .  10, T. 16 N., R. 80 w ) .  . H e r e . l e n t i c u l a r  beds o f  r a d i o a c t i v e  

quar tz-pebble conglomerate occur w i t h i n -  a thi 'ck sec t i on  o f ' a r k o s i c  para- 

conglomerates near t h e  base o f  the Magnolia Formation. This  zone o f  para- 

conglomerate can be t raced l a t e r a l l y  about 1000 m on t h e  eas t  l imb o f  the  

a n t i c l i n e  bu t  does n o t  crop o u t  on the  west li.mb, Maximum surface values 

a r e  8 ppm U and 38 ppm Th: A p r i v a t e  company d r i l l e d  one h o l e  t o  t r y  t o  

i n t e r s e c t  these conglomerate beds be1 ow. the zone o f  weath.er i ng  (PL-I) and 

f a  i 1 ed .to: encounter r a d i o a c t i v e  quar tz-pebble conglomerate a t  depth (maxi - 
mum va l  ues were 1 1 ppm U and 30 ppm Th) . Another d r  i 1 1 ho le  (GH-I ) was 



d r i  1 l e d  by a company i n  t h e  p r i v a t e  sector - ,  on t h e  nor thwest  f l a n k  

o f  t h e  A r r a s t r e  a n t i c 1  i n e  (W3 Sec. 3, T. 16 N.,  R. 80 W.) t o  a 

depth o f  1212 f e e t ,  b u t  t h i s  h o l e  f a i  l e d  t o  pene t ra te  t he  basal  beds 

o f  t he  Magnol ia Format ion and d i d  n o t  encounter  r a d i o a c t i v e  qua r t z -  

pebble conglomerate (maximum values were 32 ppm U and 48 ppm ~ h ) .  

Two ho les  were a l s o  d r i l l e d  i n  t h e  sync1,ine near  Brush Creek (Secs. 14, 

23, T. 16N., R. 81 w ) .  One, MB-9R, encountered t h i c k  sec t i ons  o f  m i l d l y  

r a d i o a c t i v e  arkos i c paracongl omerate (maxi mum va lues  o f  78 ppm U, 

52 ppm ~ h ) .  The o t h e r  ho le ,  MB-17, had cav ing  problems due t o  t h e  t h i c k  

g l a c i a l  overburden and d i d  n o t  reach conglomerates o f  t h e  Magnol ia 

Format ion. 

The Magnol ia Format ion a l s o  crops' ou t  ove r  l a r g e  areas i n  t he  c e n t r a l  

Medic ine Bow Mountains,  i n  T. 17 N . ,  R. 79 W. ( p l a t e  1) .  Outcrops a r e  

poor throughout  t he  c e n t r a l  Medic ine Bow Mountains bu t  there a r e  Several  

areas where basal  Magnol ia beds a r e  exposed. I n  Sec. 22, T. 17 N . ,  k .  

79 W . ,  quar tz -pebb le  conglomerates o v e r l i e  metabasal ts  o f  t he  Phantom Lake 

Metamorphic Su i t e .  These basal  beds c o n t a i n  up t o  3.2.ppm U and 13 ppm 

Th i n  ou t c rop  and 14 ppn,'U and 36 ppm Th i n  d r i l l  h o l e  MB-11 .  I n  t he  

N E l ,  Sec. 14, T. 1 7 N . ,  R.  00 W . ,  s i m i l a r  m i l d l y  radioactive qua r t z -  

g ranu le  conglomerates con ta in  1.8 ppm U and 16 ppm Th i n  ou tc rop .  I n  

t he  Cra te r  Lake area (Sec. 35, T. 18 N . ,  R. 79 W.), qua r t z -g ranu le  con- 

glomerates c o n t a i n i n g  1 ppm.U and 26 ppm Th unconformably o v e r l i e  the  

Colberg Metavolcanic  Rocks.. ' I n  genera l ,  t he  basal  Magnol ia  Format ion i n  

t he  Cent ra l  Medic ine Bow Mountains i s  a qua r t z -g ranu le  conglomerate o f  

the  Q u a r t z i  t e  Member and the  Conglomerate Member does n o t  appear. Thus, 

t h i s  area is '  o f  1 imi.ted economic i n t e r e s t  f o r  uran ium-bear ing .conglomerates. 



A complex sync l i no r i um i s  exposed i n  the  nor thern  p a r t  o f  T .  17 N., 

R. 78 and 79 W. and i n  T. 18 N., R. 78 arid 79 W .  @ l a t e  1).  Th i s  syn- 

c l i n o r i u m  i s  d i s r u p t e d  by f a u l t i n g  and i t s  eas t  l i m b  i s  most ly  removed 

by f a u l t s .  However, a smal l  p iece  of  the  Magnolia Formation i s  preserved 

on t h e  east  l imb i n  Secs. 28 and 33, T. 18 N.,'R. 78 W. I n  t h i s  area, 

the Magnolia Formation c o n t a i n s  a ' f e w  quartz-pebble conglomerates w i t h  up 

t o  13 ppm U and 490 pprn Th i n  ou tc rop  and up t o  14 pprn  and 3oppm Th 

i n  d r i l l  h o ! ~  M R - 4 .  

A more complete sec t  i o n  o f  t he  Magnol i a  Formation i s  exposed. on khe 

nor thwest  1 imb o f  t he  f o l d  where Magnol i a  conglomerates uncontormab ly 

over1 i e  rocks o f  the Phantom Lake Metamorphic Su l te .  Radioact ive quar tz -  

pebble conglomerates have been detected on the northwest l imb o f  t h i s  

sync1 i n e  from the  SE% Sec. 5, T. 17 N., R. 79 W., t o  Sec. 6, T. 18 N., R. 

78 W., a d i s tance  o f  10.5 km. I n  the  southwest, t he  Magnolia Formation 

cons i s t s  o f  a polymict i 'c  a rkos i c  paraconglomerate o v e r l a i n  by quar tz -  

g ranu le  conglomerate. Paraconglomerates conta in  up t o  20 pprn uranium 

and 190 pprn thor ium i n  outcrops.  Several holes have been d r i l l e d  t o  

i n t e r s e c t  t h e  conglomerates below the zone o f  weathering i n  the general 

area south o f  Rock Creek ( p l a t e  1) .  These a re  BOWS-1 , BOWS-2, and BOWS-3 

and MB-5 ( P l a t e l ) .  Rocks erscountel-ed i n  these d r i  1 1  holes'  were, i n  

general ,  o n l y  m i  l d l y  r a d i o a c t i v e  (up t o  10 pprn U,  ~ h )  but  values up t o  

64 pprn U and 27 pprn Th were obta ined i n  BOWS-1 and values u p . t o  110 pprn 

U and 41 pprn Th were found i n  BOWS-3. These data suggest t h a t  rad io -  
* 

a c t i v e  conglomerates a r e  present i n  t h i s  area but  grades are  too  low 

and the  conglomerates too  l i m i t e d  i n , t h i c k n e s s  and ex ten t  t o  warrant  

f u r t h e r  exp lo ra t i on .  



Nor th  o f  Rock Creek, t h e  Magnolia Format ion i s  composed o f  rocks s i m i -  

l a r  t o  those found south o f  Rock Creek: a basal  paraconglomerate u n i t  

and an upper g ranu la r  q u a r t z i t e  u n i t .  Most o f  t hese ' r ocks  a r e  o n l y  

weakly r a d i o a c t i v e .  However, i n  the N W ~ ,  Sec. 1 9 , ' ~ .  18 N., R. 78 W . ,  

s t r o n g l y  r a d i o a c t i v e  quar tz-pebbl  e cong lomerates occur  i n  t h e  upper p a r t  

of  the  paraconglomerate u n i t ,  near t h e  g r a d a t i o n a l  con tac t  w i t h  t he  over -  

l y i n g  q u a r t z i t e s .  These conglomerates c o n t a i n  up t o  20X background r a -  . 

d i o a c t i v i t y  and su r f ace  samples c o l l e c t e d  i n  t h i s  a rea  c o n t a i n  up t o  51 

ppm U and 130 ppm Th. EMB-5 and EMB-11 were designed t o  i n t e r s e c t  these 

r a d i o a c t i v e  beds below the  zone o f  weather ing.  EMB-5 encountered a major  

f a u l t ,  then was t e rm ina ted  be fo re  i t  reached t h e  t a r g e t  hor i zons .  EMB-11 

i n t e r s e c t e d  a number o f  1 ayers o f  r a d i o a c t  i vo quar tz -pebb le  conglomerate 

t h a t  were in terbedded w i t h  an a r k o s i c  and c h l o r i t i c  paraconglomerate con- 

t a i n i n g  l a r g e  c l a s t s  (up t o  10 cm) o f  v e i n  q u a r t z ,  q u a r t z i t e ,  p i n k  g r a n i t e ,  

g ran i t e -gne i ss ,  and c h l o r i t e  s c h i s t s .  Several  o f  these zones con ta ined  i n  

excess o f  100 ppm U and Th. The subsurface ex tens ion  o f  t he  most r a d i o -  

a c t i v e  conglomerate Found i n .  ou tc rop  c,ontained up t o  365 ppm U anu 344 

ppm Th. Th i s  suggests t h a t  t h i s  r a d i o a c t i v e  zone i s  cont inuous i n  a 

down-dip d i . r e c t i o n  f o r  a t  i e a s t  3UU m. 

No r th  o f  t he  above l o c a l  i t y  ( N W ~  Sec. 19, T. 18 N . ,  R .  78 W) t he  

Magnol i a  Format ion i s  f o l d e d  and c u t  by a major  s i  11 o f  gahbro ( p l a t e  7 ) .  

However t h e  Magnol ia Format ion i s  exposed on the  eas t  f l a n k  o f  a minor 

f o l d  between S W t  Sec. 18, T. 18 N., R. 78 W . ,  and NE+ Sec, 7,  T. 18 N . ,  

R. 78 W. (.Plate 1) .  Exposures a r e  n o t  cont inuous b u t  beds o f  r a d i o a c t i v e  

conglomerate a r e  exposed on t h e  sur face i n  a number o f  areas. The average 
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Figure 1.12. Cross sections and dril l  sections from the Onemile Creek a rea .  



t eno r  o f  sur face samples o f  the, r a d i o a c t i v e  quartz-pebblk conglomerate 

of  t h i s  area i s  5 ppm uranium and 1'0-30 ppm th.orium and maximum assays are. 
' 3  

21 ppm uranium and 67 ppm thorium. These r a d i o a c t i v e  quartz-pebble con- 

glomerate beds a re  l ess  promis ing than those t o  the south (and no r th )  and 

a r e  be l i eved  t o  be too  l e n t i c u l a r  and too  low grade t o  be o f  economic i n -  

t e r e s t .  No d r i l l  ho les have been loca ted i n  t h i s  area. 

The most promis ing economical ly o f  any r a d i o a c t i v e  conglomerates i n  

.the Medicine Bow Mountains, and i n  southern Wyoming i n  general,  crop o u t  i n  

t t ie Oriernile Creek area.Secs. 6 and 7, T. 18 N . ,  R. 78 W. Figures 1 . 1 1  and 

1 .  12 i l l us t~ .c rL t :  L1.e J i s t l - i b u t i o l . ~  o r  r . d J i ~ d ~ L i v t :  cu11q1u111eraLt: l aye rs  ur 

t h i s  area. The r a d i o a c t i v e  conglomerate layers  a re  i n  the f a u l t e d  and 

over turned nose o f  a t i g h t l y  f o lded  sync l i ne .  The Magnolia Formation has 

been deformed, a t  l e a s t  twice,  and metamorphosed t o  amphibo l i te  f ac ies ,  

b u t  tops o f  beds can s t i l l  be recognized and ten holes,  n ine  d r i l l e d  by 

a p r l  vaee company and one d- r i  1 l e d  by Bendix as p a r t  o f  t h i s  study ( ~ i ~ u r e  

1.11) a l l o w  us t o  make a more comprehensive a n a l y s i s  o f  t h i s  area tha,n any 
. . 

o t h e r  i n  southeast wyoming. 

The r a d i o a c t i v e  quar tz-pebble conglomerate u n i t s  o f  t h i s  area are  i n  

t he  lower conglomerat ic  p a r t  o f  t h e  Magnolia Formation. The basal u n i t  

i s  a p a r t l y  open- and p a r t l y  closed-framework conglomerate w i t h  c l a s t s  

o f  pinl: g'rani t e ,  (up t o  35 cm i n  f loak) ,  ve.[n quar tz ,  quar tz i .  te ,  and r a r e  

c h l o . r i t e  s c h i s t  i n  an a r k o s i c  ma t r i x .  This  i s  o v e r l a i n  by. coarse-g'rained 

ser i c i :  t i c  q u a r t z i t e  wi  t h  l o c a l  t h i n '  layers  o f  quartz-pebble conglomerate. 

Next i s  a p h y l l i t e  w i t h  layers  o f  paraconglomerate, and a t  the top, i s  a 

coarse-grained s e r i c i t i : ~  q u a r t z i t e  w i t h  well-.developed beds o f  r a d i o a c t i v e  

quar tz-pebble conglomerate. The r a d i o a c t i v e  quartz-pebble conglomerate 



beds i n  t he  upper u n i t  o f  the  Magno1i.a Format ion i n  th'i.s area a r e  i n -  

t e r p r e t e d  t o  be conti.nuous l aye rs  through most o f  t h i s  area (-Fi.gure 1.11). 

There a r e  two p r i n c i p a l  beds o f  r a d i o a c t i v e  conglomerate (.5a and 5b) t h a t  

a r e  v a r i a b l e  i n  t h i ckness  b u t  may be up t o  20 meters th ' ick .  .5a and 5b 

a r e  compound u n i t s  composed mos t l y  o f  r ad ioac t i ve ,qua r t z -pebb le  conglom- 

e ra tes  b u t  w i t h  i n t e r l a y e r e d  quartz-granul!e:conglomerate and coarse- 

g ra i ned  q u a r t z i t e .  Typ i ca l  uranium assays f o r  t h e  r a d i o a c t i v e  qua r t z -  

pebble conglomerates i n  t h e  upper u n i t  a r e  about 100 ppm and thor ium 

assays a r e  about 80 ppm. Uranium values up t o  400 ppm over  a t h i ckness  

o f  t h r e e  meters a r e  p r e s e n t ' i n  EMB-6. The maximum uranium va lue  i n  t h i s  

area i s  1620 ppm f rom a 5 cm zone i n  MB-16 and t h e  maximum tho r i um va lue  
. . 

i s  1380 ppm over 20' cm i n  EM'B-6. ~ c c o r d  i n g t o  Borgman and o t h e r s  (1980),  

es t imated  uranium resources a r e  about 1801 tons U 0 a t  an average grade o f  
3 8 

310 ppm U308 and es t imated  t ho r i um resources a r e  about 1106 tonsThOZ 

a t  an average grade o f  290 ppm Tho Th i s  resource es t ima te  i s  f rom geo- 
2 ' 

s t a t i s t i c a l  a n a l y s i s  o f  c o r e  and su r f ace  samples and i s  d iscussed i n  d e t a i l  

i n  Volume 3. 

The L indsey Q u a r t z i t e  and Cascade Q u a r t z i t e  o f  the  Deep Lake Group 

and t he  Medic ine Peak Q u a r t z i t e  o f  t he  L ibby  Creek Group a l l  con ta i n .we l1 -  

developed quar tz -pebb le  .conglomerate beds, b u t  ve ry  few o f  these q u a r t z -  

pebble conglomerate beds a r e  r a d i o a c t i v e .  The L indsey Quar tz i . te  has weakly 

r a d i o a c t i v e  quar tz -pebb le  conglomerate beds i n  t he  no r theas te rn  Medic ine 

Bow Mountains. Some o f  t h e  b e s t  developed and most rad ioac t i . ye  qua r t z -  

pebble conglomerate beds a r e  a t  t he  base o f  fining-upw.a.rds s e t s  i n  t h e  

Lindsey Q u a r t z i t e  i n  exposures i.n NE& Sec. 30, T. 18 N., R. 78 W . ,  on the  



n o r t h  s i d e  o f  Rock Creek. This  i s  i n  t he  area where the Lindsey Q u a r t z i t e  

t h i n s  t o  zero th ickness,  presumably due t o  unconformable over lap  of  the  

Cascade Q u a r t z i t e  ( P l a t e  I ) .  Maximum.values 'are .24 ppm U and 630 ppm ~h 

i n  the  Lindsey Q u a r t z i t e  i n  t h i s  area. Radioact ive conglomerates o f  the 

Lindsey a l s o  c rop  o u t  on a c l i f f  face on the  west s i d e  o f  the  Nor th  Fork 

o f  .Rock Creek ( N E ~ ,  Sec. 1 ,  T. 1 7 ' ~ . ,  R. '79 W . ) .  ~ a x i m h  values db ia ined 

from these beds was 6 ppm U and 7 ppm Th. 

Rad ioac t ive  conglomerate beds have been repor ted  i n  the  Cascade 

Quartzite near Cascade Lake ( ~ e c .  35, T. 17 N., Rn. 80 W) and Rio Amex Com- 

pany i s  repor ted t o  have d r i l l e d  i n  t h i s  area, bu t  the  r e s u l t s  o f  t h i s  

d r i  1 1  i n g  program a re  n o t  avai l a b l e  t o  us, and we have nor  detected s t rong ly  

r a d i o a c t i v e  beds a t  any l o c a l i t y  i n  the  Cascade Q u a r t z i t e .  Rio Amex.re- 

po r ted  several  assays o f  3-5 ppm Au from the Cascade. 

Quartz-pebble conglomerate beds are  common i n  the  middle and upper 

Medicine Peak Q u a r t z i t e ,  b u t  surface outcrops w i  t h  above normal rad io -  

a c t i v i t y  have no t  been detected. On the  o ther  hand, one g l a c i a l  boulder 

o f  quar tz-pebble conglomerate from the  Medicine Peak Q u a r t z i t e ,  c o l l e c t e d  

f rom an area south o f  the  Gap i n  the  c e n t r a l  Medicine Bow Mountains, con- 

t a ined  7.4 ppm uranium and 330 ppm thorium. 



MINERALOGY AND PETROLOGY OF URANIUM- AND THORIUM-BEARING UNITS 

Uranium- and thor ium-bear ing  u n i t s  i n t h e  S i e r r a  Madre and Medic ine 

Bow Mountains i n c l u d e  quar tz -pebb le  conglomerates, a r k o s i c  paraconglom- 

e ra tes ,  and subarkos ic  t o  a r k o s i c  g r a n u l a r  q u a r t z i t e s .  The most r ad io -  

a c t i v e  rocks  i n  t h e  S i e r r a  Madre a r e  subarkos ic  moscov i t i c  quar tz -pebb le  

conglomerates o f  U n i t  3  o f  t h e  Deep Gulch Conglomerate ( p l a t e  7 )  and the  

most r a d i o a c t i v e  rocks i n  t h e  Medic ine Bow Mountains a r e  subarkos ic ,  mus- 

c o v i  t i c  smal l  -pebble (quar tz ,  g r a n i t e ,  and q u a r t z i  t e )  conglomerates o f  

U n i t  5 o f  the  Magnol i a  Format ion ( p l a t e  4 ) .  A 1  though these beds d i f f e r  

i n  age, t he  major  c o n s t i t u e n t s  a r e  b a s i c a l l y  . t he  same (except  g r a n i t e  

f ragments a r e  r a r e  i n  the S i e r r a    ad re). These c o n s t i t u e n t s  i n c l u d e  

qua r t z ,  r ock  fragments o f  y r a n i t e  and q u a r t z i t e ,  K- fe ldspar ,  p l a g i o -  

c l ase ,  muscov i te ,  c h l o r i t e ,  b i o t i t e ,  p y r i t e  and a heavy m ine ra l  s u i t e  

(which i s  d iscussed i n  d e t a i  1 l a t e r ) .  .Ab;kosic and subarkos i c  quar tz ' i  tes  

were o r i g i n a l l y  bimodal,  a r g i l l a c e o u s  sandstones and quar tz -pebb le  con- 
, . 

g lomerates were o r i g i n a l l y  t r i m o d a l ,  a r g i l l a c e o u s  conglomerates. Tables 

1.2 and 1.3 show modal analyses o f  t he  sand and g ranu le  s i z e  f r a c t i o n s  

from the  main r a d i o a c t i v e  u n i t s  i n  t he  Medic ine Bow Mountains and S i e r r a  

Mad re. 

Pebbles i n  t he  conglomerates a r e  we1 1 rounded, genera l  1 y moderate1 y 

sor ted ,  and t i g h t l y  packed. The most r a d i o a c t i v e  conglomerates appear 

t o  be pebble-supported i n  b o t h  ranges, a l though s t r e t c h i n g  o f  pebbles i n  

t h e  Onemile Creek area o f  t h e  Medic ine Bow Mountains makes i t  d i f f i c u l t  

t o  dcc iphe r  o r i g i n d l  pack lng d e n s i t i e s .  C las t s  i n  t he  Deep Gulch Con- 

g lomerate a r e  e n t i r e l y  q u a r t z  and q u a r t z i t e ,  w i t h  an average s i z e  range 

o f  0.7 t o  3.7  and maximum s i z e  o f  5 cn. C las t s  i n  U n i t  5 o f  t h e  Mag- 

n o l i a  Fnrmat ion a re  qua r t z ,  q u a r t z i t e ,  and gt-a11iLe. They range i n  s i z e  

127 



TABLE 1.2 SUMMARY OF THE PETFOCRAPH" OF THE lAAGNOLlA FORMATION ARRANGED APPROXIMATELY NORTHEAST TCF) TO SOUTHWEST I30TTOM). 

MAGNOLIA FORMATION CONGLOMERATE MEWBER 

a t :  

ONEMILE CREEK AREA 

Unit .l. mean and range 
of 9 samples 

Unit 2, mean and range 
of  7 samples 

Unit 3, mean and range 
of Z'samples 

Unit 4, mean and range 
of 4 samples 

Unit 5, mean and range 
of 43 samples 

Grand Mean of 65 samples 

THREEMILE CREEK ARE4 fEN8-5& 11) 
Mean and range of Ca 

17 samples 10.68 

Otzte. 

1.5 
6-10 

2 
0.10 

i l r luded 
u./qtz. 

4 
-a 

1.4 
0-1 6 

1.6 

10 
0 2 3  

Plag. 

1.5 
0.10 

7 
0.20 

6 
5 6  

.3 
0-1 

1 .  
0-6 

1 .a 

2.3 
0-10 

Granite 

3.8 
0-25 

3 

0-20 
- 

0-.75 
- 
- 
2.8 

0-32 
2.9 

3.3 
0.24 

Chlor. 

.7 
0-7 

1 
0-.5 

5 
i a - 
- 
1.5 

0.15 
1.2 

2.4 
0-1 0 

Pyrite 

- 
- 
.6 

0-1 - 
- 
5 

0-20 
7.6 

0-30 
5.4 

.6 
0-5 

Herr Heavies 

5 
0-6.4 

7 
0-3 - 
- 
- 
- 
- Apatite 
- Zircon 

1 

1.4 1.2 Garn't 
0.20 Zirccn 

Tourmaline 

ARRASTRE ANTICLINE AREA IP--1: 

Mean and range of  €5. 6.5 - .3 1 21.4 4.1 1 1 - ' .5 Zirccm 
10 samples 4582 0 2 5  - 0-3 0-1 1-30 0.15 0-.5 0 6  - Amphibole 

BRUSH CREEK AREA IMB-9) 

Mean and range of 56 4 1.3 2.6 - 16 5.6 2.2 .6 - Garmt 

3 samples 4562 0-20 0-5 0-5 - 0.20 0.10 0-5 0-2 - 

MAGNOLIA FORMATION QUARRTE MEMBER 

Qz I tz te.  K-spar Plag. Granite Musc. Chlor. Biot. Pyrite Hen  Heavies 

THREEMILE CREEK AREA (EME-11) 
Mean and range of 5 1 4 4 8 3 20.5 2.1 2 6.4 - Zircon 

5.samples X-7E 3-20 0-10 0-20 0 1 0  5-50 0-5 0.5 0-15 - Apalite 

M B 4  AREA 

Mean and range of '-0 4 9.31 4.3 .6 8. .6 
8 samples 3;.9C 3-20 0-20 0-13 0-5 2-15 0.7 

NORTH FORK ROCK CREEK 
CRATER LAKE AREA INE.llI 
Mean and range of 59 4.3 1.6 4.5 1 12.: 1 .8 

10 samples 4e -9: 0-15 0.10 0-10 0-5 3-25 0-5 

ARRASTRE ANTICLINE ?REP I n - I &  GH-I) 

Mean and range of 56 5 8 .3 11.3 3.3 
8 ram~les 52.82 0-20 0-7 0-30 0-2 0-25 0.10 

Modal percentages represent emliret, c l  pmr lv  soned rocks, granule and subgranule matrix for Bim3dal conglonsrates. 

Zircon 
Amphibole 
Aparite 

Amphibole 
Calcite 
Apatite 
Zircan 

Tourmaline 
Zircon 
Calcite 



TABLE 1.3. PETROGRAPHY OF UNIT 3, DEEP,GULCH CONGLOMERATE. PERCENTAGES ARE FROM POINT- 
COUNTED THIN SECTIONS OF QUARTZ-PEBBLE CONGLOMERATES. 

Dril l  Hole 
Depth 

SM-1 
175.4 

SM-1 
175.7 

SM-1 
192.8 

SM-1 
207 

SM-14 
541.6 

SM-2 
149 

SM-2 
150.1 

SM-2 
187 

JP-1 
408.7 

JP-1 
410 

JP-1 
412 

JP-1 
416.5 

JP-1 
42 1 

JP-2 
31 I 

JP-4 
284 

Qtz. 

61 

45 

67 

66 

60 

53 

57 

63 

70 

Plag. Perthite 

1 

- 

9 

8 

9 

7 

Tr  

10 

2 

- 

Tr 

- 

1 

I'r 

Tr  

Micro- 
cline 

Ortho- , 

clase Musc. Chlor. Biot. Opaq. Zircon 



f rom granules t o  bou lders  7.5 cm i n  diameter bu t  a re  most commonly 1-3 

cm i n  diameter.  Many o f  the conglomerates conta in  100 percent qua r t z  

pebbles; o t h e r  con ta in  up t o  20 percent  q u a r t z f t e  and g r a n i t e  pebbles. 

The m a t r i x  o f  ~the"cong~lomerates . . . .  . i s  composed of  qua r t z ,  . fe ldspar ,  
' 3 

and p h y l l o s i l i c a t e s .  The p h y l l o s i l i ' c a t e s ,  muscovite, c h l o r i t e ,  and 

b i o t i t e ,  a r e  considered t o  be metamorphic minera ls  formed by r e c r y s t a l -  

l i z a t i o n  o f  an a r g i l l a c e o u s  ma t r i x .  However, we recognize t h a t  a  p a r t  

o f  t h e  p h y l l o s i l i s a t e  f r a c t i o n  c c r ~ ~ l d  he pr imary .  Mica< make I I ~  ahn~rt 

25 percent  o f  t he  m a t r i x  o f  most conglomerates and some samples conta in  

as much as 50 percent .  The most r a d i o c a t i v e  conglomerates tend t o  be 

r i c h  i n  muscovite and s e r i c i t e ,  bu t  poor i n  b i o t i t e  and c h l o r i t e .  In-  

d i v i d u a l  g r a i n s  o f  qua r t z  and fe ldspa r  are too  deformed t o  determine 

t h e i r  o r i g i n a l  shape; most a re  s t r a i n e d  and e x h i b i t  sutured contacts 

(F igure  1.138) and extreme f l a t t e n i n g  i.s a  fea tu re  o f  the  more h i g h l y  

de'f'armed rocks (F l  gure 1 . 1 3 C ) .  We bel ' i  eve, lluwe'vel , ~1.1;le liiost o f  the  

sand-sized g ra ins  a re  o r i g i n a l  and were no t  formed dur ing  metamorphism. 

Some small c l e a r  q r a i n s  o f  p laq ioc lase  and m i c r o c l i n e  i n  the  muscovite 

"matr ix"  may be metamorphic minera ls .  Quartz  genera l l y  e x h i b i t s  un- 

d u l a t o r y  e x t i n c t i o n . a n d  some g ra ins  have t r a i n s  o f  f l u i d  i nc lus ions .  

K- fe ldspar  occurs as m i c r o c l i n e  o r  p e r t h i t e ,  i n  about equal amounts, 

and i n d i v i d u a l  g r a i n s  a re  u s u a l l y  c l e a r  a l though cloudy and a l t e r e d  

K- fc ldsgar  g ra ins  are present  i n  some samples. Plaqioclsw gra ins  

a re  v a r i a b l e  i n  composit ion and a re  commonly more deformed than K- 

f e ldspa r  (F igure  1.13). P y r i t e  i s  present  i n  the  m a t r i x  i n  h i g h l y  

r a d i o a c t i v e  conglomerates. I n  a rkos l c  and subarkosic  q u a r l z i t e s ,  

p y r i t e  i s  present  as euhedral g ra ins  sca t te red  through the rock and 

i t  makes up less  than one percent .  



A number o f  heavy minerals are concentrated i n  the matr ix  o f  the 

rad ioact ive conglomerates. Where we have convincing top c r i t e r i a ,  the 

heavy minerals em be shawn t o  be concentrated near the base o f  conglom- 

erate  beds and t h i s  i s  fu r ther  v e r i f i e d  by r a d i o a c t i v i t y  scans o f  layers 

which contain high uranium and thorium values. We w i l l  d i v i de  the heavy 

mineral s u i t e  i n t o  non-radioactive and rad ioact ive heavy minerals and 

discuss the non-radioactive minerals f i r s t .  We have re l ied,  i n  par t ,  

on the microprobe studies o f  selected samples of conglomerate from the 

Onmi l e  Greek area of the Medicine Bow Mountains by Desborwgh and Sharp 

kj9.7'9, p. '38-39) (but ~esbo rou~h 'and  Sharp are not t o  be he ld  responsible 

f o r  our conclusions regard'ing a r l g  i n  o f  these heavy minerals. 

P y r i t e  i s  the most abundant heavy mineral i n  radioact ive conglomer- 

ates of both ranges. It i s  t y p i c a l l y  found as euhedral grains and i n  

masses o f  aggregates in layers w i t h  other heavy minerals ( ~ i ~ u r e  1.14). 

The general character is t ics  o f  the p y r i t e  are l i k e  those o f  other min- 

e ra ls  of the conglamerate. I n  less deformed samples, p y r i t e  i s  i n  

equant or  even subhedral grains whereas i n  deformed and f la t tened  Sam- 

p les  p y r i t e  i s  stretched and f la t tened  i n  much the same manner as 

quartz o r  fe ldspar (Figure 1.13). A1 though uncommon, some p y r i t e  

f i l l s  f rac tures and ind iv idua l  grains o r  aggregates o f  p y r i t e  may be 

connected by ve in l e t s  (Figure 1.1SA). I n  some p y r i t e  aggregates, 

and i n  a few ind iv idua l  grains, the p y r i t e  i s  subhedral and has a 

p a r t l y  rounded shape . These grains appear t o  have a secondary py- 

r i t e  overgrowth ( ~ i g u r e  1.158). Th is  same feature has been noted 

i n  some quartz grains i n  less deformed Sier ra  Madre specimens. This 

may be a metamorphic tex ture o r  i t  may be loca l  preservation of an 
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Figure., 1.13. Photomicrographs in transmitted polarized light, crossed nicols, showing degree of flattening 
of sulphlde (black) and si 1 icate grains (shades of gray) in quartz pebble conglokerate. Black grains are 
pyrite, gray grains mostly quartz, fiberous grains m w c w i t e  ahd biotite. A. shows pyrite-muscovite layer 
with subrounded and sutured q~artz grains in upper left grain, uppeFleft Is 0.40 mrn in diameter). 
B. shows flattened and suturec quartz and pyrite [pyrite grain upper left is 0.22 rnm wide). C. shows extreme - 
flattening; elongate black mass in center is pyrite (0.08 mm wide), irreg~lar black mass in rqht center is 
recrystallized mixture of urarothor'te and monazite. Samples from Onemile Zreek locality, Medicine Bow 
Mountains. 



Figure 1.14. A. Photomicrograph showing heavy minerals i n  quartz peb- 
b l e  conglornezte from Carr ico Ranch l o c a l i t y ,  S ier ra  Madre. White 
grains a re  p y r i t e ,  euhedral gray grains showing zoning are z i rcon, 
dark gray grains w i t h  specks of whi te p y r i t e  are monazite-huttonite 
(?) mixtures. Euhedral zl rcon gra in  i n  lower l e f t  center o f  photo- 
graph i s  0.15 mm i n  diameter. B. Photomicrograph showing subhedral 
grains of p y r i t e  (white) i n  p y r E e - r i c h  layer  o f  quartz pebble con- 
glomerate from Or-ie~ni 1s Creek loca l  i t y ,  Medicine Bow Mountains. Gray 
grains are s i l i c a t e  minerals--mostly quartz and fe ldspar.  Grain dia- 
meters o f  p y r i t e  are about 0.22 mm. 



Figure 1.15. A. Photomicrograph showing ind iv idua l  grains and 
ve in l e t s  o f  Yri t e  (white) i n  quartz pebble conglomerate. 
Length o f  la rge p y r i t e  g ra i n  i s  0.25 mm. B. P y r i t e  g ra i n  
showing c l ea r  overgrowth of p y r i t e  on subrounded g ra i n  w i t h  
numerous inclusions.  Width o f  p y r i t e  g ra i n  is 0.33 I I ~ I .  Photo- 
micrographs o f  samples from Onemile Creek l o c a l i t y ,  Medicine 
Bow Mountains. 



o r i g i n a l  form. There i s ,  however, no e n t i r e l y  convincing evidence tha t  

the p y r i t e  i n  these samples was o r i g i n a l l y  rounded. 

Other non-radioactive heavy minerals are i lmenorut i le ,  apat i te ,  

galena, chalcopyrite, born i te ,  marcasite, sphene, i lmeni te,  columbite, 

magnetite, anatase, r u t i l e ,  and spessart ine garnet. There i s  a lso  a 

n icke l -cobal t - i ron sulphide i d e n t i f i e d  by Desborough and Sharp by micro- 

probe study that  may be a member o f  the l i nnae i t e  group. 

Chalcopyrite and born i te  are uncommon and are present as small i r-  

regular masses i n  the muscovite "matrix" o r  as inclusions i n  p y r i t e  ag- 

gregates and as ind iv idua l  grains attached t o  py r i t e .  Marcasite i s  a lso 

sparse and i s  present as an a l t e r a t i o n  product o f  py r i t e .  Galena i s  

present i n  two habi ts:  as small masses i n  p y r i t e  and as c r ys ta l s  attached 

t o  p y r i t e  aggregates and as minute c r ys ta l s  i n  uranium-thorium minerals. 

l lmenorut i le  i s  a r e l a t i v e l y  abundant oxide i n  the heavy mineral 

su i t e  and i s  present i n  round spherical o r  e l l i p t i c a l  grains w i t h  20 t o  

30 percent i n t e r s t i t i a l  quartz. As suggested by Desborough and Sharp 

(1979, p. 38) the i lmenorut i le  may be a rec rys ta l l  ized Nb-rich d e t r i t a l  

mineral, but  we bel ieve i t  has retained i t s  o r i g i n a l  form. Other oxides 

tha t  are considered d e t r i t a l  by the authors are magnetite, i lmenite, and 

columbite. These minerals are very uncommon const i tuents o f  the heavy 

mineral sui te,  however. 

Zircon i s  comnon i n  the conglomerate but  vo lumetr ica l ly  minor be- 

cause o f  the small s i ze  o f  the grains. Rounded and subrounded z i rcon 

grains are c l e a r l y  d e t r i t a l .  Some z i rcon grains appear metamict and 

others are, i n  part ,  extremely f i n e  aggregates perhaps developed dur ing 

metamorphic rec rys ta l l i za t i on .  Garnet and apa t i t e  are t y p i c a l l y  wel l  

rounded and are d e t r i t a l  i n  o r i g i n .  
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Par t icu la r  mention i s  made of graphite which i s  present i n  round 

grains but i s  sparse. The graphite may be of organic o r i g i n  inasmuch as 

sulphur was i d e n t i f i e d  by microprobe studies of Desboraugh and Sharp i n  

one specimen. 

Rut i le  I s  present as deep red, rounded grains and as very f i n e  ag- 

gregates w i t h  anatase tha t  have developed through a l te ra t i on  o f  titanium- 

bearing minerals such as sphene, i lmenoruti le, and i lmenite. 

Radioactive Heavy Minerals 

Radioactive heavy minerals are c o f f i n i t e ,  thor i te ,  thorogumnite, 

rnonazi te, hut ton i  t e  (?) , and z i  rcon. ' According t o  Desborough and Sharp 

(1979, p. 39) the uranium-thorium s i l i ca tes ,  c o f f i n i t e  and t h o r l t e  vary 

widely i n  composition. The c o f f i n i t e  contains 45-61 weight percent 

uranium and up t o  several weight percent thorium and lead whereas the 

t h o r i t e  contains 30-45 welght percent thorium and up t o  several percent 

uranium, lead, and yt tr ium. These uranium and thorium minerals are i n  

masses that  may have been rounded o r ig ina l  l y  but ncYw appear recrystal-  

1 i zed and t o  have developed i rregul ar borders o r  overgrowths ( ~ i g u r e  

1.16). We are uncertain i f  the urani um-thor ium s i  1 icates are recrystal  - 
l i zed  d e t r i t a l  grains o r  metamorphic minerals. 

Some o f  the uranium and thorium i n  the quartz-pebble conglomerate 

i s  present i n  z ircon and monazite. As noted above, some zircon appears 

metami~h or- r*acrystal l  i red  and mnst o f  thc monazite i s  be1 ieved t o  be 

recrystal  1 ized and therefore IS a metamorphic mineral ( ~ i ~ u r e  1.17). 

- These two minerals contain up t o  s i x  weight percent thorium ( ~ e s b o r o u ~ h  I 

and Sharp, 1979, p. 38). 

Minute c rys ta ls  o f  uranium and thorium s i l i c a t e  ( co f f i n i t e )  are i n  

graphite and i n  nickel-cobal t-i ron sulphide grains. 



Figure 1.16. A. Photomicrograph showing recrystal  1 ized masses o f  
pyvi Le (whi t3 and subrounded d l  Pfuse masses o f  metami c t  urano- 
t h o r i t e  (two dark gray masses center and lower l e f t )  w i th  patches 
o f  p y r i t e  as minute inclusions. Uranothorite mass i n  center i s  
0.25 mm diameter. B. Photomicrograph o f  c o f f i n i t e  (gray grain 
i n  center o f  photogKph). White i s  pyr i te ,  dark gray i s  quartz 
and feldspar. Co f f i n i t e  i s  veined w i th  a dark material w i th  
orange in ternal  r c f l cc t i ons  which i s  ten ta t ive ly  i den t i f i ed  as 
uranothorite. Length o f  c o f f i n i t e  grain i s  0.15 mm. Samples 
from Onemile Creek l o c a l i t y ,  Medicine Bow Mountains. 



Figure 1.17. A. Graln bel laved to be netamict and a mixture o f  m n -  
a i i t e  and h u E o n i t e  (7) .  Elanent r a t i o s  as determined by X-ray 
spectrograph are A 1 5 2 ,  S1=20, P=89, Th-81, C r 5 0 ,  S-16, Fe-48, Ti- 
2, U=52, Cc=L, and La=3. Euhedral white grains are p y r i t e ,  o ther  
l i g h t e r  gray grains are quartz and feldspar. Metamict gra in  i s  0.13 
mm i n  diameter. B. Dark g ra in  i n  center o f  photomicrograph i s  
monazite-huttoni tp(?) mixture w i t h  element ra t i os  as determined by 
X-ray spectrograph o f  Al=2, 51=50, P-83, Th-53, U-28, Ca=20, 5-24? 
F e 1 9 ,  Ce=4, and L-2. White grains are py r i t e .  Width o f  dark 
gra in  i s  0.10 mm. Samples frm Carr lco Ranch l o c a l i t y  o f  S ier ra  
Madre. 



Comparison o f  Heavy Mineral  Sui tes o f  the  Medicine Bow Mountains and 

S ie r ra  Madre 

I n  po l ished sec t ion ,  the p r i n c i p a l  uranium-thorium minera ls  are  

- s i m i l a r  i n  the  Car r ico  Ranch area o f  the  S i e r r a   a ad re and the  dnemile 

Creek area o f  the Medicine Bow Mountains. o hey a re  dark gray masses 

t h a t  a re  subrounded i n  the less deformed rocks and a re  f l a t t e n e d  and 

c l e a r l y  r e c r y s t a l  1 ized i n ,  more deformed rocks. However, i n  s p i t e  o f  

apparent s i m i l a r i t i e s ,  geochemical data and g e o s t a t i s t i c a l ' a n a l y s i s  of 

uranium and thor ium m i n e r a l i z a t i o n  i n  the  two areas suggested t h a t  the 

S i e r r a  Madre conglomerates were r i c h e r  i n  thorium and the  Onemi l e  Creek 

conglomerates were r i c h e r  i n  uranium. The geochemical d i f f e r e n c e  sug- 

gests a d i f f e r e n c e  i n  the  heavy mineral  content  o f  t he  two rocks and we 

i n i t i a l  l y  ass.ume.d. t h a t  the  . S i e r r a  Madre conglomerates con tk i  ned- sub- 

s tan t  i a l  l y  -1argei  q u a n t i t i e s  o f  z i r c o n  and monazi re. and t h a t  these min- 

e ra l  s accounted . f o r  the  .preponderance o f  t h o r  i um over uran i.um i n the  

S ie r ra  Madre. Th is  view proved t o  be e s s e n t i a l l y  c o r r e c t .  

A comparative study was made o f  r a d i o a c t i v e  heavy minera ls  i n  the 

two areas by s e l e c t i n g  and marking i n d i v i d u a l  g r a i n s  i n  po l ished t h i n  

sec t ion  and making a semi -quant i ta t ive  chemical ana lys i s  o f  these gra ins  

using an X-ray spectrometer attached t o  a scanning e l e c t r o n  microscope. 

This p a r t i c u l a r  a n a l y t i c a l  procedure does no t  make determinat ions o f  

weight percentages o f  elements i n  minera ls  and cannot de tec t  elements o f  

an atomic weight less than sodium. Instead, the  r a t i o s  o f  elements i n  

minerals a re  determined and t h i s  i s  usefu l  i n  mineral i d e n t i f i c a t i o n s  

espec ia l l y  i f  minerals o f  known composit ion a re  determined along w i t h  

the  unknowns. Twenty-seven mineral  g ra ins  were analyzed from the  Car r ico  

Ranch l o c a l i t y  o f  the  S i e r r a  Madre and s ix ty -one samples were analyzed 



f rom the  Onemile Creek l o c a l i t y  o f  the  Medicine Bow Mountains. As many 

as ten  t o  f i f t e e n  analyses were made on se lec ted  g ra ins  from each area 

t o  t e s t  methods and the  homogeneity o f  the  gra ins . .  

These a n a l y t i c a l  , r esu l t s  a r e  i n  Tables 1.4, 1.5, 1.'6, and 1.7. I n  

the S i e r r a  Maclre mad able 1.4) the uranium- thorium-bearing minera ls  a r e  

monazite, a minera l  t e n t a t i v e l y  i d e n t i f i e d  as h u t t o n i t e , . a n d  .mix.tures of 

these two minera ls .  I n  po l i shed sec t i on  these minera l  phases and mixed 

phases have a r a t h e r  d i ' f fused appearance and a r e  considered metamict (F ig-  

ur e 1 . 17). Tlley clre dark ,  yray a r ~ d  111ay have an -orange I n t e r n a l  r e f l e c t l o i i .  

The uranium-thor i.um minera ls  a r e  .arranged ' i n  Tab le .  1 ;4 . t o  show general 

increase i n  s i l i c a  . f rom.: le f t  t o . r i g h t . .  Not'e that , rnonazi te from B l i n d  

R ive r ,  Canada and from Onemile.Creek, Medicine Bow Mountains a r e  inc luded 

f o r  comparat ive purposes. Inasmuch as monazite and h u t t o n i t e  are.\con- 

s ide red  i s o s t r u c t u r a l  ( ~ e e r ,  Howie, and. Zussman, 1962, p. 340-3.41) we 

suspect t h a t  t he  t a b l e  shows a systemat ic  change i n  composit ion from a 

thor ium monazite t o  t h e  g ra ins  w i t h  a h igher  p r o p o r t i o n  o f  the  thorium- 

cer ium s i l i c a t e ,  h u t t o n i t e .  The h u t t o n i t e  phase has no t  been v e r i f i e d  

by X-ray however. From an economic v iewpo in t  i t  i s  c l e a r  t h a t  these 

m ine ra l s  and mixed minera l  phases o f  t he  S i e r r a  Madre a re  h igh  thor ium 

and low uranium. The thorium/uranium r a t i o  o f . t h e  10 g ra ins  analyzed 

f rom the  S i e r r a  Madre i s  about three.  Note a l s o  i n  Table 1.5 t h a t  z i r -  

con which i s  f a r  more abundant i n  the S i e r r a  Madre than i n  the  Medicine 

. Bow Mountains conta ins  small amounts o f  uranium and thorium. 

The major  uranium-thorium bear ing minera l  phases o f  the  Onemile 

Creek l o c a l i t y  of  the  Medicine Bow Mountains a re  be l i eved  t o  be urano- 

t h o r i  t e ,  thorogumni te ,  and c ' o f f i n i t e   a able 1.6). There are  probably 



T A B L E  1.4. R A T I O S  O F  ELEMENTS, D E T E R M I N E D  B Y  A X - R A Y  SPECTROMETER A T T A C H E D  T O  A SCANNING 
ELECTRON MICROSCOPE, I N  M I N E R A L  PHASES F R O M  T H E  C A R R I C O  RANCH, S I E R R A  MADRE,  W Y O M I N G  
( F R O M  K A R  LSTROM AND.OTHERS, 1981.). 

Element 

A l  
Si  
P 
S 
K 
T h  
U 
Ca 
F e 
Ce 
La . 
M g  
T i  
Z r  
*no t  reported 
-not detected 

1. Monazite, Carrico Ranch, Sierra Madre 
2. Monazite, Carrico Ranch, Sierra Madre 
3. Monazite-Huttonite(?), Carrico Ranch, Sierra Madre 
4. Monazite-Huttonite(?), Carrico Ranch, Sierra Madre 
5.  Monazite-Huttonite(?), Carrico Ranch, Sierra Madre 
6. Monazite-Huttontie(?), Carrico Ranch, Sierra Madre 
7. Huttonire(?), Carrico Ranch, Sierra Madre 
8. Hut toni teO),  Carrico Ranch, Sierra Madre 
9. Huttoni te(?) ,  Carrico Ranch, Sierra Madre 

10. Huttonite(?), Carrico Ranch, Sierra Madre 
11. Zircon, Carrico Ranch, Sierra Madre 
12. Zircon, Carrico Ranch. Sierra Madre 
13. Zircon, Carrico Ranch, sierra Madre 
14. Zircon, ~ a r r i c o  Ranch, Sierra Madre 
15. Rutile, Carrico Ranch, Sierra Madre 



OTHER HEAVY MINERALS 

Elemenr 1 2 3 4 5 0 7 8 9 10 11 

Brannerite, Blind River, Canada 
Brannerite (7) .  Onemile Creek, Medicine Bow Mountains 
Pyrite, Onemile Creek, Medicine Bow Mountains 
Pyrite, Onemile Creek, Medicine Bow Mountains 
Pyrite, Onemile Crcck, Mcdicinc Bow Mountains 
Zircon, Onemile Creek, Medicine Bow Mountains 
Zircon, Carrico Ranch, Sierra Madre 
Zircon, Carrico Ranch, Sierra Madre' 
Zircon, Carrico Ranch, Sierra Madre 
Zircon, Carrico Ranch, Sierra Madre 
Rutile, Carrico Ranch, Sierra Madre 

TABLE 1.5. RATIOS OF ELEMENTS DETERMINED BY X-RAY SPECTROMETER ATTACHED TO A SCANNING 
ELECTRON MICROSCOPE I N  MINERAL PHASES FROM THE SIERRA MADRE AND MEDICINE BOW 
MOUNTAINS, WYOMING. 



Element 

'1. . Uranothorite, Blind River, Canada 
2. Uranothorite, Onemile Creek, Medicine Bow Mountains 
3. Uranothorite, Onemile Creek, Medicine Bow Mountians 
4. Uranothorite, Onemile Creek, Medicine Bow Mountains 
5. Thorogummite, Onemile Creek, Medicine Bow Mountains 
6. Thorogummite. Onemile Creek, hedicine Bow Mountains 
7. Thorogummite. Onemile Creek, Medicine Bow Mountains 
8.. Thorogummite, Onemile Creek, Medicine Bow Mountains 
9. Thorogummite, Onemile Creek, Medicine Bow Mountains 

10. Thorogummite, Onemile Creek,, Medicine Bow Mountains 
11. Thorogummite, Onemile Creek, Medicine Bow Mountains 
12. Thorogummite, Onemile Creek, Medicine Bow Mountains 
13. Mixture, Onemile Creek, Medicine Bow Mountains 
14. Mixture, Onemile Creek, Medicine Bow Mountains 
15. Mixture, Onemile Creek, Medicine Bow Mountains, 
16. Coffinite, Onemile Creek, Medicine Bow Mountains 
17. Coffinite, Onemile Creek, Medjcine Bow Mountains 
18. Coffinite + brannerite 0). Onemile Creek, Medicine Bow Mountains 

TABLE 1.6. RATIOS OF ELEMENTS DETERMINED BY X-RAY SPECTROMETER ATTACHED TO A SCANNING 
ELECTRON MICROSCOPE IN MINERAL PHASES FROM THE MEDICINE BOW MOUNTAINS, WYOMING. 



some admixtures o f  monazite and h u t t o n i t e  inasmuch as these uranium- 

thor ium s i l i c a t e s  c o n t a i n  a h igher  p r o p o r t i o n  o f  phosphate than might be 

expected. These th ree  minera ls  a r e  a l s o  bel-i.eved t o  be l a r g e . 1 ~  metamict 

.and a r e  typci;ca.lly dark  gray (F igure  1.16). i n . p o l  ished sec t ion ,  and r a r e l y  

show the  orange i n t e r n a l  r e f l e c t  i on  nored I n  the  S i e r r a  Madre. Note, 

i n  p a r t i c u l a r ,  t h a t  the tho r ium/u ran ium ' ra t i o  o f  17 g ra ins  analyzed 

i n  t he  OnemiTe Creek samples i s  about one. I n  a d d i t i o n  t o ' t h e  thor ium 

~II.IJ uranium, i n  :.ji.l icates, Ta'ble 1.5 shows t h a t  z i rcons  con ta in  small 

amounts o f  uranium. Also,  a t i t a n i u m - r i c h  phase t h a t  may be b ranner i t e  

i s  present  i n  the Onemile Creek l o c a l i t y .  ' 

M u l t i p l e  analyses were made o f  eleven g ra ins  froni t he  S i e r r a  Madre 

and Medicine Bow Mountains t o  determine i f  the  g ra ins 'were  homogeneous. 

We wished t o  consider  the  p o s s i b i l i t y  t h a t  t he  uranium-thorium s i l i c a t e s  

might  have developed by replacement o f  .another minera l  such as u r a n i n i t e  

and we be1 ieved t h a t  a remnant o f  the  o r i g i n a l  3111i.ne1.al might  be detected 

o r  t h a t  some systemat ic  chemical change might  be detected t h a t  would i n -  

d i c a t e  replacement. O f  the e leven g r a i n s  analyzed f i v e  were s u r p r i s i n g l y  

homogeneous  a able 1.7) when we consider t he  f a c t  t h a t  they a r e  metamict 

and probably have adsorbed ca t i ons  such as p o t a s s i u ~ ~ ~  ~ I I J  il-011. S i x  

g ra ins  proved t o  be mix tures  o f  var ious  minera ls  such as monazite, apa- 

t i t e ,  r u t i l e ,  i r on -sp ine l s  as w e l l  as the  uranium-thorium s i l i c a t e s .  

T h e c , ~  mixcd g ra ins ,  however, were l a r q e l y  i r ran i~~m- thn r ium s i l i c a t e s .  

We be l i eve ,  t he re fo re ,  t h a t  the pr imary uranium-thorium minera ls  

a r e  uranothor  i . te  and . c o f f  i n i  re 'm t he  Onemi'le Creek ' local  i t y  o f  the Med i -  

~ i n e . B o w  Mountains and thoriurr~ munazite and hut ton i ' te (?)  i n  the  S ie r ra  

Madre. A l l  of these minera ls  a r e  now l a r g e l y  metamict, the u r a n o t h o r i t e  
e 



i s  a1 te red t o  thorogummi te,  and o ther  g ra ins  a r e  cha,nged composit ional l y  

b y a d s o r p t i o n  and hydrat ion.  We a& no t  c e r t a i n  if c b f f i n i t e  i s  an 

o r i g i n a l  mineral i n  the Onemile Creek l o c a l i t y  because we do no t  know 

of any d e t r i t a l  mineral su i tes  w i t h  c o f f i n i t e .  

- 
Element 1 2 3 4 5 6 7. 8 9 10 11 12 13 14 X Range 

TABLE 1.7. RATIOS OF ELEMENTS IN FOURTEEN ANALYSES OF A SINGLE URANIUM-THORIUM SILICATE 
GRAIN FROM THE MEDICINE BOW MOUNTAINS, WYOMING AS DETERMINED BY X-RAY SPECTROMETER 
ATTACHED TO A SCANNING ELECTRON MICROSCOPE. 

We emphasize t h a t  t he  mineral i d e n t i f i c a t i o n s  a re  from chemical 

analyses by microprobe and X-ray spectrograph combined w i t h  o p t i c a l  

s tudies.  Other minera! phases might be found by X-ray study and some 

t e n t a t i v e  i d e n t i f i c a t i o n s  might be changed. I t  i s  c l e a r ,  however, t h a t  

the mineral s u i t e s  o f  the  Onemile C r e e k . l o c a l i t y  o f  the  Medicine Bow 

Mountains and the  Car r i co  Ranch l o c a l i t y  o f  the  S i e r r a  Madre are  d i s -  

t i n c t l y  d i f f e r e n t  and t h a t  the  Onemile Creek area i s  a uranium prospect 

whereas the  Car r ico  Ranch area i s  a ' t h o r i u m  prospect. 

Metarnorphi,5rn and Source of Radioact ive Minerals 
- - 

Rad ioa i t i ve  conglomerates from both the  Onemi l e  Creek area o f  t h e  

Medicine .Bow Mountains and..the ~ a r r i c o  Ranch area o f  the  S i e r r a  Madre 



have been a f f e c t e d  by amph ibo l i t e  f a c i e s  reg iona l  metamorphism and by 

con tac t  metamorphism adjacent - t o  gabbroic i n t rus ions .  lnasmuch as we 

have found no weakly metamorphosed counterpar ts  o f  these conglomerates 

i n  southern Wyoming, we a r e  unable t o  demonstrate t h a t ' a n y  o f  the p r i n -  

c i p a l  urani'um-thorium minerals. a r e  d e f i n i t e l y  d e t r i t a l .  At  present,  

there  i s  n o t  enough in fo rma t ion  on heavy minera1.s i n  p o t e n t i a l  source 

rocks such as La te  Archean g r a n i t e s  o f  t he  Wyoming Province t o  p r e d i c t  

m ine ra l  suLtes t h a t  ~ ~ ~ i y t l t  be present  i n  cong1omcra.t~: der ived f roi them. 

We do know r h a t  u ran i r i iLe  i s  present  i n  some v e i n  dcpos i ts  and i n  con- 

t a c t  metamorphic depoy i t5  associated w i t h  the Late Archean g ran i tes  so 

t h a t  u r ' a n i n i t e  may have.been an o r i g i n a l  minera l  o f  the  conglomerates. 

I f  so, i t  has been reconst . i tu ted  du r ing  amphibo l i te  f a c i e s  metamorphism. 
I 

I t  i s  a l s o  p o s s i b l e  t h a t  c o f f i n i t e  and t h o r i t e  were the  pr imary d e t r i t a l  

minera ls ,  b u t  these minera ls  have n o t  been i d e n t i f i e d  so.. far i n  the po- 
I 

t e n t i a l  source rocks. 

Where r a d i o a c t i v e  conglomerate i s  i n  contac t  w i t h  gabbroic i n t r u -  

s i v e ~ ,  a s  i n  some 1ocal. i  t i e s  o f .  the Onemi l e  Creek area, the uranium has 

been mob i l i zed  and p r e c i p i t a t e d  i n  v e i n l e t s .  We have noted v e i n l e t s  o f  

uranophane i n  samples from the  Onemile Creek area, bu t  o n l y  i n  c lose  

prox imi ' t y  t o  gabbroic  i n t r u s i o n s .  

SEDIMENTOLOGY OF URANIUM-BEARING UNITS 

Uranium-beari,ng beds i n  the S i e r r a  Madre and Medicine Bow Mountains 

a r e  o f  two tyies: l e n t i c u l a r  beds o f  quartz-pebble conglomerate i n t e r -  

layered w i t h  var ious  types o f  paracongl.omerates and basal successions 

con ta in ing  interbedded quartz-pebble conglomerates, coarse-grained 

q u a r t z i t e s  and a r k o s i c  paraconglomerates which unconformably o v e r l i e  

o l d e r  "basement". The f i r s t  type i s  o f  l i t t l e  economic s i g n i f i c a n c e  



because o f  l ack  o f  c o n t i n u i t y  o f  the r a d i o a c t i v e  zones. The second type 

shows the g rea tes t  c o n t i n u i t y  and may, i n  the  long run, c o n s t i t u t e  mine- 

ab le  deposi ts .  

L e n t i c u l a r  beds o f  quartz-pebble conglomerate i n t e r l a y e r e d  w i t h  

paraconglomerate occur i n  var ious  u n i t s  i n  the  Medicine Bow Mountains 

and S i e r r a  Madre. I n  the  S i e r r a  Madre, these rocks a r e  found i n  the  

S i l v e r  Lake Mhtavolcanic Rocks of the Phantom Lake Metamorphic su i te :  

I n  the  Medicine Bow Mountains, they a re  found i n  the s tud  Creek Meta- 

vo l can i c  Rocks, Rock Mountain Conglomerate, and Colberg Metavolcanic 

Rocks o f  the Phantom Lake Su i te .  

The paraconglomerates i n  t he  Stud Creek V o l c a n i c l a s t i c  Rocks and 

Rock Mountain Conglomerate crop o u t  i n  t he  no r the rn  Medicine Bow Moun- 

t a i n s  ( p l a t e  1) .  The u n i t s  a re  h i g h l y  deformed and few pr imary sed i -  

mentary fea tu res  a re  preserved (bedding i s  o f t e n  unrecognizable) so our  

i n t e r p r e t a t i o n s  o f  sedimentology and depos i t i ona l  environments a re  spec- 

u l a t i v e .  The Rock Mountain Conglomerate i s  a t h i c k  u n i t  con ta in ing  a r -  

kos i c  m a t r i x  paraconglomerate and granu lar  arkose which crops ou t  o n l y  

i n  the northernmost Medicine Bow Mountains. To the  south, t he  conglom- 

era tes  a re  absent as a mappable u n i t  bu t  s i m i l a r  conglomerates occur as 

lenses i n  the under l y ing  Stud Creek V o l c a n i c l a s t i c ~ R o c k s .  T h i s ' f a c i e s  

r e l a t l s n s h i p ,  and the  1 l t ho logy  o f  the paraconglomerates, suggests t h a t  

the  ~ o c k  Mountain Conglomerate was being deposited i n  a1 l u v i a l  fans i n  

the n o r t h  p a r t  o f  the bas in  a t  about t he  same t ime v o l c a n i c l a s t i c  sed i -  

ments w i t h  minor a l l u v i a l  depos i t ion ,  took p lace t o  the  south. 

The t h i n  zones s f  r a d i o a c t ~ v e  quartz-pebble conglomerate w i t h i n  . 

a r kos i c  paraconglomenate i n  these u n i t s  a r e  i n t e r p r e t e d  t o  be f o s s i l  



p l a c e r  accumulat ions o f  r a d i o a c t i v e  minera ls  which represent  smal l  

areas on a l l u v i a l  fans which experienced s i g n i f i c a n t  sediment reworking, 

i .e . ,  where compound grave l  bars, represent ing  m u l t i p l e  per iods o f  depo- 

s i t i o n  and eros ion,  were r e l a t i v e l y  l ong - l i ved .  However, t h e  evidence 

f o r  penecontemporaneous volcan.ism suggests uns tab le  t e c t o n i c  cond i t i ons  

which would favo r  rap id ,  deb r i s  . f low,  depos i t i on  (e.g. the paraconglom- 

e ra tes )  i ns tead of w i  despread bra ided stream-type deposi t ion.  I n  add i - 

t i n n ,  the presence o f  t he  marine Bow R iver  Q u a r t z i t e  g radat iona l  l y ( ? )  

o v e r l y i n g  the  Rock Mountain Cong.lomerate suggests t h a t  f l u v i a l  condi-  

t i o n s  were superceded by marine cond i t i ons  as seas transpgressed. Thus, 

environments favo rab le  f o r  f l u v i a l ,  f o s s i l  p lace r  accumulations were 

apparent ly  o f -  1 i m i  ted  ex ten t  and d u r a t i o n  and we don' t expect t o  f i n d  

t h i c k  o r  cont inuous rad i 'oac t ive  quar tz-pebble conglomerates w i t h i n  these 

u n i t s .  

Thin quar tz-pebble conglomerates a l s o  occur w i t h i n  paracvnglomerates 

o f  t h e  Colberg Metavolcanic Rocks o f  t he  Medicine Bow Mountains and the  

S i l v e r  Lake Metavolcanic Rocks o f  the  S i e r r a  Madre. These paraconglom- 

e ra tes  a re  open framework conglomerates which have a m a t r i x  o f  c h l o r i t e  

and amphibole o r  arkose, and c l a s t s ,  up t o  one meter i n  diameter,  o f  

g r a n i t e ,  q u a r t z i t e ,  and maf i c  rock  fragments. Some o f  these paraconglvrn- 

e ra tes  are o f  volcano-sedimentary o r i g i n  and con ta in  a predominance o f  

c l a s t s  o f  ma f i c  v o l c a n i c  rocks and i n  some areas where paraconglomerates 

a r e  interbedded w i t h  metabasalts,  rhe conglomerates a re  i r i terpr.e~ecl d s  

metamorphosed f l o w  breccias.  I n  o the r  areas, the  paraconglomerates have 

taken an a r k o s i c  m a t r i x  and the  m a j o r i t y  o f  the  c l a s t s  a re  g r a n i t e  and 

q u a r t z i t e .  These paraconglomerates a r e  i n t e r p r e t e d  t o  be a l l u v i a l  o r  

submarine d e b r i s  f lows.  



I n  Ts. 18 and 19 N., R. 79 W. o f  the Medicine Bow Mountains, t h i c k  

beds o f  paraconglomerates i n  the  Colberg Metavolcanic Rocks a re  i n t e r -  

bedded w i  t h  basa 1 t (amphi bol  i te)  and rocks considered t o  be metatuf f s .  

The paraconglomerate beds t h i n  t o  the  n o r t h  where they a re  interbedded 

w i t h  quar tz i te , .  mica schi s t ,  garnet -s tauro l  i te-m'ica' s c h i s t s  and amghi - 
bol  i t e  (basa l t? )  . The paraconglomerate i s  s1,ight l y  rad ioac t i ve  ( 5 - 3 ~  

background). l o c a l  ly;..and containis associated. l e n t i c u l a r  beds of radioac-  

t i v e  quartz-pehble conglomerate. i n  two areas: as t h i n  lenses i n  para- 

conglomerate i n  the south, where the  conglomerate i s  bes t  developed, and 

as more cont i.nuous quartz-pebb.le conglomerate layers  i n  the  nor th ,  where 

the paraconglomerate i s  t h i n  and q u a r t z i t e  and s c h i s t  more common. The 

r a c i o a c t i v e  quartz-pebble conglomerate layers  a re  no t  o f  economic i n t e r -  

e s t  i n  e i t h e r  o f  t he  above l o c a l i t i e s  (maximum uranium i s  about 3. ppm and 
. . 

maximum thor ium i s  about 14 ppm), but the  occurrences may be s i g n i f i c a n t  

as f a r  as the.. deposi t ion.al envi ronment i s concerned. The paraconglom- 

era tes  are  i n te rp re ted  as a l l u v i a l  fan  depos i ts  w i t h  a source i n  a v o l -  

canic h ighland because o f  the abundance o f  maf ic  vo l can ic  rocks as c l a s t s  

i n  the paraconglomerate and the  f a c t  t h a t  i n te r laye red  f lows and t u f f s  

a re  present .  The paracong lomerate a1 so conta ins l a rge  rounded gran i t e  

c l a s t s ,  g r a n i t e  gneiss, q u a r t z i t e ,  and p h y l l i t e  which could have been de- 

r i v e d  from under ly ing  metasedimentary rocks .a f  the  Phantom Lake Metamorphic 

Su i te  and gran i  te-gneiss basement, The ,source area, therefore,  ,.was prob- 

ab ly  an Archean highland w i t h  a c t i v e  volcanoes. The paraconglomemtes may 

have been h igh  v i s c o s i t y  mudf1owsdeposited r e l a t i v e l y  c lose  t o  source and 

the  i e n t  i c u l a r  rad ioac t i ve  quartz-pebble conglomerate layers  i n  the  para- 

conglomerate are  i n te rp re ted  as f l u v i a l  channels i n  the  upper reaches o f  the 

a l l u v i a l  Tan. The rad loac t i ve  quartz-granule conglomerate layers  n o r t h  o f  



o f  the  t h i c k  wel l-developed paraconglomerates a r e  interbedded w i t h  

q u a r t z i t e  and s c h i s t  and are i n t e r p r e t e d  as stream channel deposi ts  

a t  the  d i s t a l  end o f  t he  fan. 

S i e r r a  Madre occurrences i n  .'the Phantom Lake met am or phi:^ S u i t e  

a r e  s t r i k i n g l y  s i m i l a r  t o  those o f  t he  Medicine Bow Mountains but  i n  

some areas exposures a r e  b e t t e r  and s t ruc tu res  are  preserved i n  the  

paraconglomerate t h a t  have n o t  been recognized i n  the  Medicine Bow 

Moun t a  ins . f he best  exposures and best  developed paraconglornera te ,  beds 

of t he  S i e r r a  Madre are  . in  the  c i rques no r th  and east of Br idger  Peak 

( ~ e c s . '  11 ,  12 and 13, T. 14 N., R. 86 w.). Here, beds o f  paraconglom- 

e r a t e  exceed 200 meters i n  thickness. Clasts,  up t o  one meter i n  d i -  

ameter, a re  g r a n i t e ,  q u a r t z i t e ,  p h y l l i t e ,  and metavolcanic rocks and the  

m a t r i x  i s  e i t h e r  a r k o s i c  o r  a m p h i b o l i t i c  graywacke (Gra f f ,  1978, p. 24). 

Th is  paraconglomerate succession i s  r i c h e r  i n  vo lcan ic  c l a s t s  i n  the  

lower p a r t  and has a g rea te r  abundance o f  g r a n i t e  and o the r  non-volcanic 

rocks up-sect ion.  According t o  G r a f f  (1978, p. 25) boulder conglomerate 

l aye rs  grade upwarad i t ~ t u  g r i t s t o n e  conta in ing  wide ly  spaced, angular 

c l a s t s  o f  g r a n i t e .  Channels o f  cross-bedded arkose cu t  t he  conglomerate 

and, i n  general,  the  u n i t  i s  b e t t e r  sor ted  up-sect ion. I n  the  w e l l -  

exposed sect  Ions, the conglunter a l e  u ~ ~ i  t d isp lays  both f ining-upward and 

coarsening upward sequences ( ~ i g u r e  1.18). L e n t i c u l a r  beds o f  rad io -  

a c t i v e  quartz-pebble conglomerate have been mapped I n  the par3d~onylom- 

e r a t e  o f  t he  S i e r r a  Madre and, as i n  the Medicine Bow Mountains, we in -  

t e r p r e t  them t o  be p a r t  o f  major a l l u v i a l  fan sequences. 

Paraconglomerates o f  t h e  S i l v e r  Lake Metavolcanic Rocks and the  

Co lber t  Metavolcanic Rocks, and associated volcanics,  a re  i n te rp re ted  



Figure 1.18. Photographs showing graded beddtng in  conglomerate- of  
the S i  lver Lake Format ion, central Sierra  Madre. Note deformid 
laminae i n  graywacke layer of  A. 



t o  be mainly non-marine. However, i n  both areas, thesk rocks ove r l i e  

and are over la in  by marine quar tz i te  successions. I t  i s  possible that  

some interbedded quar tz i tes and p h y l l i t e s  a t  the d i s t a l  ends of the para- 

conglomerate succession are marine and therefore the deposits may be o f  

the fan-delta type ( ~ e s c o t t  and Ethridge, 1980) where a1 l uv ia l  fans and 

re lated deposits are developed along ac t ive  continental margins o r  island- 

arc systems and are p a r t l y  non-marine and p a r t l y  marine. The t h i n  zones 

o f  radioact ive conglomerates are postulated tlcr he f l u v i a l  deposits but, 

as i n  the Rock Mountain ConglomraLe and Stud Creek Volcaniclast ic Rocks, 

f l u v i a l  environments favorable f o r  placer accumulations were not wide- 

spread o r  long- l ived and, therefore, these un i ts  are not a promising 

explorat ion target For uranium- and thor i  um-beari ng conglomerates. 

The second type of radioact ive quartz-pebble conglomerates, those 

that  occur i n  basal conglmerate-quartzite successions above uneonformi- 

t ies ,  are present i n  both the Sierra Madre and Medicine Bew Mountains. 

I n  the Sierra Madre, strongly radioact ive rocks o f  the Deep Gulch 

Conglowrate nrcllr l r rcal l  y a t  the base o f  the Phantom Lake Metamorphic 

Suite and unconformably ove r l i e  o lder  Archean gneisses. I n  the Medicine 

Bow Mountains, strongly radioact ive rocks occur a t  the base o f  the Early 

Proterozoic Magnolia Formation w h i c h  rtncnnfarmably over l ies the Phantom 

Lake Suite and Archean g r a n i t i c  rucks. 

The Sierra Nadre occurrence i s  best  developed a t  t h e  Carrico Ranch 

loca l i t y ,  Sec. 12, T. 15 N., RI 88 W. and Secs. 6 and 7, T. 15 N., R. 

87 W., but extends northeast o f  that  l o c a l i t y  t o  Sec. 29, T. 16 N., R. 

87 W., a distance o f  appraximately 7 kilometers, A t  the Csrrico Ranch 

the Deep Gulch Conglomerate l i e s  on a gneissic basement which i s  both 



paragnei ss ( isoc l  ina l  l y  folded local  l y )  and orthogneiss. I n  most areas 

examined, metadiabase s i l l s  are tntruded between the basement gneiss 

and the basal beds of the Deep Gulch Conglomerate, but i n  several areas 

the basal beds o f  the Deep Gulch Conglomerate 1 i e  on a quartz muscovite- 

r i c h  rock which may be a regol i t h .  I f t h i s  i s  a regol i t h ,  i t  i s  de- 

formed and mt,amorphosed and has developed a planar s t ructure local ly .  

The basal 200 metars o f  the Jack Creek Quartzite has been divided 

i n to  f i v e  un i t s  that  can be recognized ' 1 ~  most outcrops o f  the Carrico 

Ranch area (Plate 7). The lower u n i t  (Unit 1 of P late 7) i s  an arkose 

which i s  medium- t o  coarse-grained, poorly sorted, ahd i s  interbedded 

w i th  muscovit ic-r ich arkose, t h i n  quartz-pebble conglomerate layers, and . 

thDn arkosic conglomerate layers. The arkose conglomerate layers o f  

Uni t  1 ~6ontain abundant grani te  c lasts  and angular K-feldspar pebbles. 

Both the arkosic conglomerate and quartz-pebble conglomerate layers are 

s l i g h t l y  radioact ive ( 2 - 3 ~  background). Unit  1 i s  over la in  by an arkose 

and suberkose i ~ n l  t 2 of Plate 7) which i s  coarse-grained and r i c h  i n  

muscovitg.'The a r k s e  and subarkose contain well-developed small*scale 

trough Zt-ossbeds and len t icu la r  beds of quartz-granule conglomerate, 

quartz-pebbl e cong tomerate, and arkos i c  conglmeraie. These conglomer- 

ates are also $1 i g h t l y  radioact ive ( 2 - 5 ~  background). Unit  3 (Plate 7) 

conta ins p y r i t i c  and radioactive quartz-pebble conglomerates (up t o  60X 

backgroilnd) interbedded w i  t h  granular t o  pebbly subarkos i c  quartz i tes.  

These conglomerates occur a t  the base o f  the fining-upward s t r a t i f i c a -  

t i o n  sequences and pass up-sect ion in to  coarse-grained subarkose wi th .  

well  developed trough and planar crossbeds. Beds o f  quartz-pebble con- 

glomerate are from 17 t o  75 un t h i ck  ( ~ i g u r e  1.19) and indiv idual beds 



Figure 1.19. Layers of quartz pebble conglomerate i n  Deep Gulch,Con- 
glomerate member o f  the Jack Creek Quar tz i te ,  Carrico Ranch l o c a l i t y ,  
northwest S ie r ra  Madre. Note dark color o f  conglomerate layers due 
t o  oxidation o f  p y r i t e .  



can be t raced f o r  a di'stance o f  two kTlometers i n  the  Car r ico  Ranch 

area and one bed may extend th.rough the  en t i ' r e  outcrop area o f  U n i t  3, 

a d is tance o f  7 k i lometers  ( p l a t e  7 ) .  U n i t s  1 ,  2, and 3, together ,  

form the Deep Gulch Conglomerate. 

Above the  Deep Gulch.Conglomerate i n  the  northwestern S i e r r a  Madre 

i s  a succession o f  f ine- '  t o  medium-grained, p lanar  crossbedded q u a r t z i t e s .  

Near Car r ico  Ranch, the  .lower p a r t s  o f  t h i s  q u a r t z i t e  succession were 

mapped as U n i t  4, a medi'um-grained, p lanar  crossbedded, w e l l  sor ted  sub- 

arkose, and U n i t  5, a b lack  p h y l l i t e  w i t h  lenses o f  arkose ( p l a t e  7) .  

I n  other  areas, the  q u a r t z i t e  ~ycces.s ion  o f  the Jack Creek ~ u a r t z i  t e  

was no t  subdivided, bu t  includes lenses o f  h i g h l y  deformed metal ime- 

stone, metagraywacke, phy l  1 i te, . and paraconglomerate. pa.ra.cong lomerate 

i s  no t  present interbedded w i t h . u n i t s  o f  the  Deep Gulch Conglomerate 

a t  the  Car r i co  Ranch l o c a l i t y ,  bu t  lenses o f  paraconglomerate have been 

i d e n t i f i e d  i n  U n i t  4 a t  t he  Deep Gulch l o c a l i t y  ( p l a t e  7) and as d i s -  

continuous lenses h igher  i n  the  Jack Creek Q u a r t z i t e  succession. H igh ly  

deformed paracongl omerates are a 1 so present i n  the  "basement" rocks be.- 

low the  Deep Gulch Conglomerate a t  Deep Gulch. 

The Deep Gulch Conglomerate (Un i t  1 t o  U n i t  3) i s  i n t e r p r e t e d  t o  

be a f l u v i a l  succession deposited i n  a bra ided r i v e r  system. U n i t  1 i s  

a f ining-upward . . sequence which represents a reworked grus which was de- 

p o s i t e d . i n  channels and b r a i d  bars unconformably on gne iss i c  basement. . 

U n i t  2 genera l l y  coarsens-upwards and conta ins abundant trough crossbeds 

and f ining-upward s t r a t i f i c a t i o n  sequences. U n i t  2 i s  i n t e r p r e t e d  t o .  

represent  . aggrading . channels i n  a bra ided r i v e r  system. Uni.t 3 conta ins 

the major r a d i o a c t i v e  conglomerate zones i n  the  Deep -Gulch Conglomerate. 



These are i n t e r p r e t e d  t o  represent depos i t i on  o f  g rave ls  on l o n g i t u d i n -  

a l  bars i n  bra ided r i v e r s ,  which developed on prograding wet a l l u v i a l  

fans. The coarsening-upwards succession represented by Un i t s  2 and 3 

appears t o  rep resen t  f a u l t i n g  and u p l i f t ' a l o n g  the  bas in  margins and 

t h e  most r a d i o a c t i v e  conglomerate layers  o f  U n i t  3 are  i n te rp re ted  t o  

represent  compound l o n g i t u d i n a l  gravel  bars which were r e l a t i v e l y  long- 

l i v e d .  Continued reworking of sediment i n  these bars, i n  response t o  

progradat ion  o f  t he  f a n  system, caused heavy minera ls  t o  be concentrated 

i n  these bars. 

.A l te rna te  i n t e r p r e t a t i o n s  o f  the  depos i t iona l  environment o f  u n i t s  

o f  t h e  Deep Gulch Conglomerate a re  f e a s i b l e  and inc lude a g l a c i a l  con- 

nec t ion .  I t  i s  poss ib le  t h a t  t he  bra ided r i v e r  system developed be- 

cause o f  t h e  excess o f  c l a s t i c  m a t e r i a l  present i n  a g l a c i a t e d  source 

area. We have no evidence o f  g l a c i a t i o n  a t  t h e  t ime o f  depos i t ion  of 

t h e  Deep Gulch Conglomerate but  i t  i s  q u i t e  poss ib le  t h a t  a g l a c i a t e d  

area exi 's ted n o r t h  o f  the  present  ou tc rop area. 

U n i t s  of t he  Jack Creek Q u a r t z i t e  above the  Deep cuieh Conglom-' 

e r a t e  are i n t e r p r e t e d  as a marine t ransgressional  succession. I n  the  

Carr i c o  Ranch l o c a l  i t y ,  f l u v i a l  rocks pass 'up-sect ion  i n t o  marine 

quar t z i t es ,  p h y l l i t e s ,  and t h i n  metalimestone. I n  o the r  areas, the 

basal,  f l u v i a l  rocks o f  the  Deep Gulch Conglomerate may be e n t i r e l y  

absent and f ine-gra ined,  marine q u a r t z i t e s  appear t o  r e s t  d i r e c t l y  on 

basement rocks. The t ransgressional  character  o f  the  Jack Creek 

Q u a r t 2 i t e . i ~  un fo r tuna te  from an economic v iewpoint .  I t  suggests 

t h a t  f l u v i a l  depos i t i on  was not  l ong - l i ved  enough t o  produce r e a l l y  

t h i c k  or  ex tens ive  a l l u v i a l  systems and i t  suggests t h a t  t he  basal 



. . 

Phantom Lake Su i'te unconformi t y  i s  no t  necessar i 1 y. a favorable exp lo r -  

a t i o n  ta rge t .  

I n  the  Medicine BOW Mountains, t h e  most . rad ioac t ive  conglomerates 

occur a t  t he  base o f  the  Magnol i a  Formation. Th is  u n i t  conta ins 

anomalous1 y r a d i o a c t i v e  zones throughout the  Medicine Bow Mountains 

but  the  t h i c k e s t  and most rad ioac t i ve  conglomerates found so f a r  c rop 

o u t  i n  the  Onemile Creek area o f  the  nor thern  Medicine Bow Mountains. 

The Onernile Creek area (Secs. 5, 6, and 7, T. 15 N., R. 78 w.) has many 

c h a r a c t e r i s t i c s  i n  common w i t h  the  Deep Gulch area o f  t he  S i e r r a  Madre. 

At Onemile Creek, however, t h e  u n i t s  o f  i n t e r e s t  a r e  i n  t h e  lower con- 

glomerate member o f  the Magnolia Formation o f  the  Deep Lake Group and 

are  Ear l y  Pro terozo ic  instead o f  Late Archean. Paracong lomerate i s  

a l s o  more preva lent  than i n  the  beds o f  the  Lower Jack Creek Formation. 

Before d.iscussing the depos i t iona l  environment o f  r a d i o a c t i v e  beds a t  

Onemile Creek i t  i s  des i rab le  t o  rev iew the general s t r a t i g r a p h y  and 

regional  d i s t r i b u t i o n  o f  beds o f  the Magnolia Formation. I n  the Medi- 

c i n e  Bow Mountains i t  has been poss ib le  t o  subdiv ide the  Magnolia Forma- 

t i o n  i n t o  two mappable u n i t s  which a re  re fe r red  t o  as the Conglomerate 

Menibar and Quartzite Mcrnbcr o f  the Magnol i a  ~OI-mation ( l (a~- ls t~-orn a~sd 

Houston, 1979a, 1979b) . The Conglomerate Member ranges i n  th ickness 

from 0 t o  330 meters and i s  composed o f  paraconglomerate, quartz-pebble 

conglomerate, and in te r laye red  pebbly and granu lar  q u a r t z i t e .  The 

q u a r t z i t e  member ranges from 400 t o  600 meters i n  thickness and i s  

coarse-grained q u a r t z i t e  composed o f  rounded granules of quar tz  ( ~ a r l -  

strom, 1977). 

The Conglomerate Member o f  t he  Magnolia Formation i s  o f  p a r t i c u l a r  

i n t e r e s t  i n  t h i s  study because i t  i s  the  host  o f  a l l  s i g n i f i c a n t  



uranium-thorium depos i ts  i n  the  Medicine Bow Mountains. I n  general,  

t he  Conglomerate Member has paraconglomerate a t  the  base which grades 

upward i n t o  conglomerat ic  q u a r t z i  te .  The paraconglomerate a t  the  

base o f  the  Conglomerate Member i s  var ia 'b le  i n  thickness and contains 

beds t h a t  ra,nge from t r u e  paraconglomerate. (open-f ramework) t o  beds o f  

orthoconglomerate (c losed o r  l a r g e l y  c losed framework). C las ts  range 

i n  s i z e  up t o  tens of 'centi 'meters i n  diameter, and are  g ran i te ,  g r a n i t e  

gneiss, phy l  l i te, q u a r t z i t e ,  amphi'bol i te,  hornbiende gne'iss, s e r i c i  t e  

s c h i s t  and garnet  b i o t i t e  s c h i s t  i n  a m a t r i x  nf arknse. Th i ck  heds of 

paraconglomcratc a r c  prcr~ent at the base of the  Conqloi i~el 'a~e Metnber. g I  

l o c a l i t i e s  west o f  the  conf luence of Brush Creek and L i t t l e  Brush Creek 

( ~ e c .  22, T. 16 N., R. 81 W.) and i n  outcrops east  o f  the A r r a s t r e  

Creek (Sec. 10, T. '16 N:, R. 80 W.) Paraconglomerate beds have no t  been 

recognized i n  the  l i m i t e d  exposures o f  the  Conglomerate Member a t  the  

Nor th  .Fork Rock Creek (a1 though an outc rop o f  paracong lomerate i n  Sec. 

19, T. 18 N., R. 78 W. may be p a r t  o f  the  basal Magnolia   or mat ion) o r  

on t h e  Medicine Bow R ive r .  Th ick  beds  of paraconglomerate a re  again 

present  i n  the  Conglomerate.Member i n  outcrops on the  n o r t h  s ide  o f  

Rock Creek (Sec. 19, T. 18 N., R. 78 w ) .  These beds t h i n  t o  the  nor th-  

eas t  towards Onemi l e  Creek and t o  the  southwest, towards Deep Creek 

( p l a t e  1).  I n  general,  the  paraconglomerates are  best  developed on 

the northwest l imbs o f  syncl ines and a r e  bel ieved t o  t h i n  t o  the  

southeast. We b e l i e v e  t h a t  the paraconglomerates represent a l l u v i a l  

fans t h a t  had a source ( ~ e r h a p s  a f a u l t  scarp) some d is tance northwest 

o f  t h e i r  p r i n c i p a l  outcrop areas; i .e. r lo r t l l  w,f Rock Creek and west o f  

t he  conf luence o f  L i t t l e  Brush and Brush Creeks. The paraconglomerates 



. . 

grade up-sect ion and along s t r i k e  i n t o  the  Q u a r t z i t e   ember which i s  

i n te rp re ted  as bra ided stream o r  r i v e r  deposits.  The Conglomerate 

Member succession i s  the re fo re  t ransgress ive  o r  i t  may represent a de- 

crease i.n t e c t 0 n . i ~  a c t i v i t y  i n  the  source area through time. 

The Magnol i a  Format i on  paracongl omerate i s r a d i o a c t i v e  and, i n  con- 

t r a s t  t o  paraconglomerates o f  the  Phantom Lake Metamorphic Su i te ,  i t  

has n a d i o a c t i v i t y  .abov.e background i n  v i r t u a l l y  every outcrop examined. 

The uranium and thorium content .  o f  the  paracon~lomerate  i s  genera l l y  

low, however, averaging 10-20 ppm uranium and 20-30 ppm thorium. I n  

l o c a l  areas, beds o f  quartz-pebble conglomerate a re  i n t e r l a y e r e d  w i t h  

paraconglomerate and some beds o f  paraconglomerate a r e  q u a r t z - r i c h  

and b e t t e r  sor ted  than typ.ica1 paraconglornerate -- these beds normal ly  

conta in  a h igher  percentage o f  uranium and thorium, up t o  545 ppm 

uran i  um and 1143 ppm thorium i n  the  Brush Creek area (MB-9) and 110 

. ppm U and 190 ppm Th near R0c.k Creek (BOWS-1 ,-2,-3). Also, a zone of 

uranium-. and thor ium-r ich  .paraconglomerate n o r t h  o f  Rock Creek, i n  d r i  11 

ho le  EMB-11, which has l o c a l  layers  o f  quartz-pebble conglomerate and 

zones of q u a r t z - r i c h  paraconglomerate, i s  near ly  200 f e e t  t h i c k  and 

averages over 100 ppm uranium, and as such c o n s t i t u t e s  a low-grade 

uran ium resource. 

The paraconglomerate o f  the  basal Magnolia Formation obv ious ly  had 

a d i f f e r e n t  source than paraconglomerates o f  the  Phantom Lake Metamorphic 

S u i t e . .  Magnolia paraconglomerates have fewer c l a s t s  of  vo l can ic  rocks, 

more quartz,  and an a rkos i c  ra the r  than a p h y l l i t i c  o r  a m p h i b o l i t l c  

mat r ix .  The paraconglomerates were der ived from a mixed source cons is t -  

ing o f  Archean g ran i te ,  gneiss, metasedimentary and metavolcanic rocks. 



The propor t ions  of these var ious rocks i n  the  l oca l  source area, w i t h i n  

about 10-15 m i l e s  o f  t h e  a l l u v i a l . f a n  system, we assume, i s  r e f l e c t e d  

i n  c l a s t s  o f  the  paraconglomerate. I n  the  area west o f  the  confluence 

o f  Brush Creek and L i t t l e  Brush Creek a n d ' a t  A r r a s t r e  Lake, t y p i c a l  

c l a s t s  i n  the  paraconglarnerate a r e  p h y l l i t e , .  qua r t z i t es ,  maf ic  volcanics,  

and ve in  quartz'. Gran i te  c l a s t s  a re  uncommon i n  these l o c a l i t i e s  ( a l -  

though they a re  present  i n . t w o  of' e i g h t  l o c a l i t i e s ' s t u d i e d ) .  I n  con t ras t ,  

. g r a n i t e  i s  a common cons t i t uen t  o f  paraconglomerates o f  the  basal Mag- * 
n o l i a  Formation i n  outcrops extending from the south ~ i d o  o f  Dccp Crcclc 

t o  0nemi.le Creek . ( p l a t e  I ) ,  and i t  i s  i n  these 1 ocal i t i e s  where the  most 

uran i um-r i c h  paracong 1omerat.e~ (and quartz-pebbl e conglomerates) a r e  

found. 

The Conglomerate Member of the Magnolia Formation gets  progressive-  

l y  more r a d i o a c t i v e  as one.goes n o r t h  from Rock Creek and t h i s  change 

i s  accompanied by a change i;n l i t h o l o g y ,  from dominantly paraconglomer- 

a t e  i n  the  south t o  dominantly quartz-pebble conglomerate i n  the no r th .  

The best  developed quartz-pebble conglomerates a re  i n  the  v i c i n i t y  o f  

Oneml l e  Creek ( ~ e c s .  5, 6, and 7, T. 18 N., R. 79 w.) where the Mag- 

no1 i a  Formation i s  exposed i n  the  nose o f  an over turned sync1 ine  ( ~ i c j u r e  

1.11). Only the  Conglomerate Member o f  the  Magnolia Formation i s  ex- 

posed i n  t h e  Onemile Creek area. and here, i t  has been subdivided i n t o  

f i v e  u n i t s  (F igures 1 . 1 1  and 1.12). U n i t  i i s  an arkos ic  paraconglom- 

e r a t e  wi ' th  abundant l a r g e  g r a n i t e ' c l a s t s  i n te r laye red  w i t h  subarkose 

(,Plate 4) . ' Uni t 1 grades up-sect ion i n t o  a trough cross-bedded sub- 

'arkose w i t h  t h i n  l e n t t c u l a r  beds o f  r a d i o a c t i v e  quartz-pebble conglom- 

e r a t e  r e f e r r e d  t o  as U n i t  2. U n i t  2 grades upward i n t o  a granu lar  



subarkose (,Uni't 3) w i t h  t h l n  l e n t t c u l a r  beds of rad foact  i.ve quar tz -  

pebble conglomerate: U n i t  3 i s  o v e r l a i n  by ' b i o t i . t e  c h l o r i t e  s c h i s t  w i t h  

paraconglomerate lenses (Un i t  4 ) ,  and U n i t  4 i s  o v e r l a i n  by muscovite- 

r i c h  subarkose w i  t h  t h t c k  and cont Fnuous beds' o f  r a d i o a c t i v e  quar tz -  

pebble conglomerate ( ~ n l  t 5, ~ t g u r e s  1.. 11' and 1.12). The r a d l o a c t l v e  
' 

quartz-pebble cong 1omera.te beds o f  U n i t  5. a r e  the  most red i o a c t  i ve and 

most p e r s i s t e n t  o f  any On the Med'icine Bow,Mountains. As i l l u s t r a t e d  

I n  F igure  1 . 1 1 ,  there a r e  two maln zones (sa and 5b) I n  U n i t  5 t h a t  con- 
, . 

t a l n  rad loac t  l ve  quartz-pebble ~ o ' n ~ l ~ m e r a t e .  I nd lv . ldual  zones o f  rad io-  

a c t i v e  quartz-pebble conglomerate a re  up t o  20 m t h l c k .  However, these 

r a d i o a c t i v e  zones are no t  s i n g l e  beds o f  conglomerate bu t  a r e  i n te rva l s '  

o f  coarse-gra l ned quartz1 t e  w l  t h  numerous quartz-pebble cbnglomerate 

layers.  The I nd i v rdua l  layers  o f  quartz-pebbl e conglomerate range i n  

thickness from t h a t  o f  a s i n g l e  pebble t o  cgmposite zones tens o f  f e e t  

t h l c k .  Unfor tunate ly  these quartz-pebble conglomerate beds are  not  un i -  

formly minera l ized and may range from as l i t t l e  as 10 ppm t o  over  1000 

ppm uranium. The v a r l a t l o n  I n  uranium values i s  be l ieved t o  be r e l a t e d  

t o  the  l o c a t i o n  w i t h i n  a channel, w i t h  genera l l y  h igher  values a t  the 

base of  ind iv l 'dua l  ohannels, 

We l n t e r p r e t  the basal ~ o n ~ i o m e r a  t e  Member of t he  Magnolt a Forma- 

t i o n  as deposrts o f  an a1 l u v t a l  f an  system wi t h  the  paraconglomerate 

represent ing  more- proximal,  mudflow deposi ts ;  t he  mixed paraconglomerate- 

quartz-pebble conglomerate represent ing mid-fan deposi ts ;  and the  coarse- 
1 

gralned q u a r t z i t e  w i t h  beds o f  quartz-pebble conglomerate represent ing 

p a r t s  of the d i s t a l  fan. Overa:ll, t he  Co,nglomerate Member o f  the Mag- 

no1 l a  Format i on  i s transgress tonal bu t  t he re  a r e  obvious l o c a l  episodes 



o f  progradat  i on  superimposed on the  transgress iona l  event. The presence 

o f  t he  &t uranium- and thorium-rich.quartz-pebble conglomerate a t  One- 

m i l e  Creek i s  thought t o  be r e l a t e d  t o  p rox im i t y  t o  a source under- 

l a i n  by Late  Archean g r a n i t e s  as suggested above, bu t  we must emphasize 

t h a t  t h i s  i s  a l s o  the  o n l y  area of outcrop o f  .the Conglomerate Member. 

which conta ins  t h i c k  quartz-pebble conglomerates so t h a t  the uranium 

and thor ium m i n e r a l i z a t i o n  might a l s o  be r e l a t e d  t o  favorab le  deposi- 

t i o n a l  cond i t ions .  We cannot. r u l e  o u t  the  p o s s i b i l i t y  o f ' f i n d i n g  o ther  

t h i c k  and p e r s i s t e n t  beds of quartz-pebble conylo~l ierate i n  unexplored 

subsrdps o f  the Conglomerate Member elsewhere i n  the  Medicine Bow Moun- 

t a i n s ,  even i n  areas a t  some d is tance from known g r a n i t i c  source areas. 

GEOCHEMISTRY OF URANIUM-BEARING ROCKS 

A v a r i e t y  o f  geochemical techniques have been used t o  study 

uranium-bearing rocks of the S i e r r a  Madre and Medicine Bow Mountains 

and t o  prospect f o r  a d d i t i o n a l  deposi ts .  Uranium and/or thorium analy- 

ses have been made o f  rock  chips,  stream sands and s i l t s  and water 

samples. Radon analyses have a l s o  been made o f  water samples t o  t e s t  

t h i s  method i n  exp lo ra t i on .  The r e s u l t s  o f  the  geochemical analyses 

have been considered i n  two ways: as a prospect ing t o o l  and as an 

a i d  i n  understanding geologic features o f  the rocks such as sur face 

a l t e r a t i o n ,  mineralogy, and geochemical changes through time. 

Geochemical Prospect ing 

Water 

Uranium content  o f  surface waters was studled as p a r t  o f  a hydro- 

geochemical reconnaissance study o f  the  Un i ted  States Department o f  



Energy (weaver and o thers ,  1978) and as p a r t  of a more d e t a i  i e d  geo- 

chemical study o f  the Un i ted  States ~ e o l o ~ i d a l  Survey i n  a key area 

of the Medicine Bow Mountains.. ( ~ i  1 l e r  and otKers, 1977). Ne i the r  . 

o f  these studies was successful  i n  del ineat  ihg u f a n i  um concentra- 

t i o n s  i n  quartz-pebble conglomerate. The reconnaissance water samp- 

1 ing  program o f  the  Raw1 ins NTMS quadrangle (Weaver and others,  19783 

was undertaken by sampling about every 5 square m i l e  i n t e r v a l ,  and 

water samples were c o l l e c t e d  from rocks ranging i n  age from Precambrian 

t o  Recent. The s t r i k i n g  fea tu re  o f  ' the reconnaissance study was the  

low uranium values obta ined i n  water f rom rocks o f  Precambrian age as 

compared w i t h  those obta ined i n  younger rocks. The uranium concentra- 

t i o n s  i n  water o f  the Rawlins NTMS quadrangle ranged from less than the  

de tec t i on  1 i m i  t o f  0.2 par ts .pe.r  b.i 1 1  ion (ppb) t o  448 ppb uranium, w i t h  

a mean value o f  6 ppb (Weaver and others, 1978, p. 10-18). Anomaly 

thresholds ,were set  a t  50 ppb f o r  the water samples (weaver and o thers ,  

1978, p. 11). Not o n l y  were there no values o f  50 ppb i n  the  areas 

under la in  by rocks o f  Precambrian age, these areas had the lowest uran- 

ium values o f  any water samples (Weaver and others,  1978, PI. 3) ; maxi- 

ml!m hst\n!ecn 2.01 -5.00 ppb. Water  sample^ from known uranium-boaring 

quartz-pebble conglomerate l e ~ a l i t i e s  d i d  no t  show an increase i n  uran- 

ium over o ther  rocks o f  Precambrian age. 

Chemical analyses o f  waters c o l l e c t e d  from streams, lakes, spr ings,  

2 
and seeps o f  an area o f  about 30 km near A r r a s t r e  ~ a k e  o f  the  Medicine 

Bow Mountalns ( ~ l l  l e r  and others,  1977) were made a t  i n t e r v a l s  o f  two. 

2 
samples every 2.5 km . The waters o f  the  A r r a s t r e  Lake area a r e  ex- 

tremely d i  1 u t e  sodium bicarbonate types and, according t o  ~ ' i  1 l e r  and 



o the rs  (1977, p. 17), t he  small amount o f  d isso lved so l  ids  i n  these 

waters suggests an extremely sho r t  contac t  t ime between waters and 

rocks o f  t he  area. D i  1 Ute waters of t h i s  type would not  be expected 

t o  con ta in  h igh  uranium concentrat ions and t h i s  appears t r u e  inasmuch 

as t h e  mean urani'um content  of 24 samples i s  0.25 ppb, and the  maximum 

va lue i s  0.50 ppb; There i s  no c l e a r  re la t i . onsh ip  found between t h e  

uranium values i n  waters d r a i n i n g  areas of known low-grade rad ioac t i ve  

quai-tz..pebbl t conglarneretcs ' o f  t h c  A r r a s t r c  Lake area and w a t e r s  cirain- 

i ng o ther  a reas.  

These two s tud ies  suggest t o  the  w r i t e r s  tha t  the  determinat ion of 

uranium i n  water i s  a poor method of prospecting f o r  uranium i n  quartz-  

pebble conglomerates a r  i n  o the r  c r y s t a l l i n e  rocks o f  Laramide u p l i f t s .  

Two fac tors  a re  involvdd:  the  sho r t  contac t  t ime between rocks and 

these d i l u t e  waters, discussed above, and the  extreme leaching o f  uran- 

ium f rom sur face outcrops, which. w i  1 1  be discussed below. Obviously, 

t h i s  conclus ion a p p l i e s  t o  t y p i c a l ~ o c c u r r e n c e s  o f  t he  Rocky Mountains 

and may n o t  be v a l i d  i n  o ther  geo log ic  and topographic s i t u a t i o n s .  

Stream Sediment Sampling 

Stream sediment sampling should be a more usefu l  exp lo ra t i on  tech- 

n ique than water sampling i n  h i g h - r e l i e f  c r y s t a l l i n e  areas o t  the  type 

inves t iga ted  here, bu t  the  reconnaissance sampling o f  Weaver and o thers  

(1978) and d e t a i l e d  sampl i,ng o f  M i  1 l e r  and others (1 977) i n  the  Medi- 

c i n e  Bow Mountains and Charleton (personal communication, 1980) i n  the  

S i e r r a  Madre d i d  n o t  show any c o r r e l a t i o n  between known uranium-bearing 

quartz-pebble conglomerate occurrences and abnormally h igh  concentra- 

t i o n s  o f  uranium i n  stream sediment. 



I n  cont ras t  t o  water samples, where no uranium concentrat ions above 

normal were detected i n  the  mountain areas under la in  by rocks o f  Precam- 

b r i a n  age, a number o f  uranium anomalies were obta ined i n  t h i s  area i n  
' 

stream sediment s tud ies  o f  Weaver and o the rs  (1977). The samples con- 

t a i n i n g  h igh  uranium values were primari1.y 'along t h e  Mu'l l'en Creek-Nash 

Fork shear zone o f  the  Medicine Bow.Mo'untains and i n  t h e  v i c i n i t y  of 

the  conf luence o f  B i l l i e  Creek and the  Encampment R iver  o f  t he  S i e r r a  

Madre; none were near occurrences o f  uranium-bearing quartz-pebble con- 

glomerate (weaver and others,  1977, p l  . 4) . sediments o f  these two areas 

c o n s i s t  o f  reworked P l e i  stocene.g.1acial depos i t s ,  as we1 1 . a ~ .  sediments de- 

r i v e d  from bedrock. However i t  i s  a l s o  t r u e  t h a t  rock samples from ou t -  

crop and d r i l l  core i n  t h i s  area a re  not  e s p e c i a l l y  r i c h  i n  uranium (up 

t o  11  ppm U and 38 ppm ~ h ) .  

Char l tor i 's  sampling i n  the  w e s t - c e n t r a l ' s i e r r a  Madre, reported i n  

d e t a i l  i n  Volume 2 o f  t h i s  repo r t ,  showed uranium values i n  stream sed i -  

m e n t . ~ ~  t o  12 ppm, w i t h  mean values about 3-5 ppm. There was no obvious 

c o r r e l a t i o n  between uranium values and loca l  rock type, a l though h i s  

sampling d i d  no t  extend i n t o  the  northwestern S i e r r a  Madre where known 

r a d i o a c t i v e  conglomerates occur. 

The apparent lack  o f  a c o r r e l a t i o n  between uranium values i n  stream 

sedimentand outcrops o f  uranium-bearing quartz-pebble conglomerates has 

several poss ib le  explanat ions.  F i r s t ,  a v a i l a b l e  data are  main ly  from 

areas which con ta in  on ly  m i  i d l y  rad ioac t i ve  conglomerates and the  two 

major areas o f  outcrop o f  rad ioact ive-quar tz -pebble  conglomerate were - 

. n o t  ex tens ive l y  sampled, so i t  may be a sampling problem. Second, deep 

leaching o f  conglomerates p r i o r  t o  recent  e ros ion  and a l l u v i a l  t ranspor t  

appears t o  have removed much o f  the  uranium from outcrops so t h a t  the  



r e s u l t i n g  stream sediment would not  be expected t o  con ta in  appreciable 

uranium. We suspect a thor ium assay might be a more usefu l  t o o l  than 

a uranium assay i n  t r y i n g  t o  i d e n t i f y  r a d i o a c t i v e  anomalies from stream 

sediment i n  the Medicine Bow Mountains and S i e r r a  Madre. 

Kado1.1 

M i l l e r  and.o thers  (1977) obta ined i n t e r e s t i n g  r e s u l t s  by deter -  

min ing the radon gas concentrat ions i n  50-ml samples o f  water s tored 

i n  g lass ,con ta ine rs .  This work was done i n  the  A r r a s t r c  Lake area o f  

t he  ~ e d ' i c i n e  Bow Mounta im where there  a re  known low-grade occurrences 

o f  uranium-bearing quartz-pebble conglomerate. The radon study was 

s t r i c t l y  reconnaissance i n  t h a t  the  amount o f  radon gas d isso lved i n  

water was determined on on ly  seven water samples ( ~ i  1 l e r  and o thers ,  

1977, p. 20, Table 4.). 

The radon s tud ies  showed t h a t  t h e  h ighest  radon values were i n .  

areas which contained the  most rad ioac t i ve  quartz-pebble conglomerate 

and t h a t  t h e  radon content  o f  waters near occurrences o f  rad ioac t i ve  

quartz-pebble conqlomerate i s  extremely h igh  f o r  d i l u t e  waters. Ac- 

cord ing t o  M i l l e r  and o the rs  (1977, p. 17-21), t h e  equ iva lent  amount 

o f  uran ium-238 needed t o  produce the amount o f  radon-222 I n  the  waters 

o f  the  A r r a s t r e  Lake area g r e a t l y  exceeds the uranium c o n t e n t ' o f  sur- 

face rocks. l nasmuch as the  sur face samples are  leached o f  uranium, 

M ' i l l e r  and o thers  (1977) Oypothesi.zed t h a t  the radon qas miqht be qen- 

era ted i n  the  subsurface and migra te  upwards i n  ground water. 

A f t e r  t he  radon study was made o f .  t h i s  area;we pos tu la ted . tha t  

uranium-bearing quartz-pebble conglomerates would be encountered by 

d r i l l i n g  t o  i n t e r s e c t  beds below the zone o f  weathering. Only one 



d r i  1 1  ho le  penetrated the  conglomerate l aye r  and i t  was barren (maxi- 

mum values were 12 ppm and 36 pprn ~ h )  . Obviously there  has not  been 

enough e x p l o r a t i o n  i n . t h e  A r ras t re  ' ~ a k e  area t o  t e s t  t he  v a l i d i t y  o f '  

the  radon survey, and we be l i eve  t h a t  a d d i t i o n a l  explorat i .on i s  war- 

ranted. Nevertheless, o the r  workers have shown t h a t  radon anomalies 

can be generated i n  areas, t h a t -  do ' .not .  have s i g n i f i c a n t  concentrat  ions 

o f  uranium. Andrews and Wood (1972). have demonstrated t h a t  s i g n i  f i - 

cant radon can .be concentrated by, ground water c i  r c u l a t i o n  i n  ' f rac tured 

rocks desp i te  the  f a c t  t h a t  the uranium content  of the  rocks i s  not  

much greater  than average. 

Rock, Chips 

The most comprehensive geochemical .survey done i n  the  S i e r r a  Madre 

and Medicine Bow Mountains was uranium and thor ium analyses o f  rock 

chips c o l l e c t e d  dur ing  the  cu r ren t  study and a l s o  on rock samples c o l -  

lec ted dur ing  p r i o r  s tud ies  a t  the  U n i v e r s i t y .  1632 rock samples were ana- 

lyzed i n  the S i e r r a  Madre and 1324 rock;sampl~es were analyzed i n  the  Medi- 

c ine  Bow Mountains f o r  uran.i.um by neutron a c t i v a t i o n ;  delayed- neutron. count 

a t  the  0ak.Ridge Gaseous D i f f u s i o n  Plant, .Oak Ridge,Tennessee. 

. . 
Kandom rock sampling has severai uses as a prospect ing t o o l .  I n  

r e l a t i v e l y  homogeneous rock masses, such as f e l  s i c  i n t rus ions ,  anomalous 

areas may be o u t l i n e d  and examined i n  g rea te r  d e t a i l .  And, on a reg iona l  

scale, random rock sampling i s  usefu l  i n  e s t a b l i s h i n g  background values 

of elemental abundances, f o r  use i n  eva lua t ing  anomalies and i n  d e f i n i n g  

.regional - .- metaelogenic provinces'. However, @here a.cjreat v a r i e t y  o f  rock 

types are  exposed, as i n  the S i e r r a  Madre and Medicine Bow Mountains, 

random geochemical sampling cannot be used a lone t o  o u t l i n e  anomalous 



areas. Meaningful  i n t e r p r e t a t i o n  of  geochemical r e s u l t s  requi  res de ta i  l- 

ed geo log i c  i n fo rma t ion  on rock types, rock ages, and geo log ic  h i s t o r y .  

Table 1.8 shows t h a t  i n  t h i s  area rock analyses a re  no t  use fu l  i n  

o u t l i n i n g  l i t h o l o g i c  subd iv i s ions  t h a t  have g rea te r  po ten t ia l ,  as a 

source o f  uranium. Uranium values a re  no g rea te r  i n  q u a r t z i t e  o f  t h e  

Deep Lake Group than i n  q u a r t z i t e  of  the  Phantom Lake Metamorphic Su i te ,  

and Libby Creek Group, Archean Gran i te ,  o r  rocks south o f  the  Mu1 l e n  

Creek-Nash Fork shear zone. I n  f a c t ,  when q u a r t z i t e  alone i s  analyzed, 

t he  Phantom Lake Metamorphic s u i t e  appears t o  be a more promis ing t a r -  

ge t  f o r  uranium e x p l o r a t i o n  than the  Deep Lake Group which conta ins 

the  most s i g n i f i c a n t  depos i ts  (Table 1.8). 

A comparison o f  mean uranium values i n  known conglomerat ic members 

such as the  Magnolia Formation, Rock Mountain Conglomerate and Deep 

Gulch Conglomerate i s  use fu l  i n  determin ing which o f  these u n i t s  

i s  t h e  most favorab le  hos t  rock f o r  uranium  a able 1.8),  bu t  these re-  

s u l t s  are b iased by s e l e c t i o n  o f  samples from r a d i o a c t i v e  hor izons.  

?'he Archean g r a n i t e s  o f  t he  S i e r r a  Madre and Medicine Bow Mountains 

do n o t  .have uranium o r  thor ium values  a able 1 . 8 j g r e a t e r  than c r u s t a l  

averages which are  about 3 t o  5 ppm uranium and 10-20 ppm thor ium 

(Rogers and Adams, 1969). These Archean g r a n i t e s  are  n o t  anomalous i n  

terms o f  Th/U r a t i o s  which a re  5.7 f o r  these Archean g ran i tes  as compared 

wi t.h a range o f  3 t o  5 f o r  most g r a n i t e s  ( ~ o ~ e r s  and Adams, 1969). We 

suspect,  t h e r e f o r e ,  t h a t  the uranium minera ls  i n  quartz-pebble conglom- 

e r a t e s  were n o t  de r i ved  l o c a l l y ,  and thus the f a c t  t h a t  an Archean g r a n i t e  

might  be l oca ted  near a quar tz-pebble conglomerate l o c a l i t y  does no t  

i n d i c a t e  t h a t  t h i s  l o c a l i t y  i s  a b e t t e r  area f o r  prospect ing.  



TABLE' 1.8. STATISTICAL SUMMARY OF MEAN URANIUM AND THORIUM VALUES FROM VARIOUS 
GEOLOGIC UNITS OF THE SIERRA MADRE AND MEDICINE BOW MOUNTAINS. 

Unt  ' 

Max. Mean Min. Max. Mean Mln. 
Value Value Value Value 

Medicine Bow Mountains & Sierra Madre 

Archean granitic rocks 6.10 1.97 0.10 45 11 <2 

Fine grained quartzites of the 48.60 3.83 0.10 395 14 1 
Phantom Lake Metamorphlc - 

Suite 

Quartzites o f  the Deep 
Lake 'Group 

Quartzites o f  the Lower 
Libby Creek'Group 

Mafic intrusive5 

Rocks south o f  the 
Cheyenne Belt 

Medicine Bow Mountains 

Rock Mountain Conglomerate 194.50 1 1.80 0.60 . 86 

Magnolia Formation 1620.00 74.13 0.50 1143 

Magnolia Formation o f  the 1620.00 91.38 1 .OO 1143 
Onemile Creek Area 

Magnolia Formation of the 176.70 25.25 1.50 915 
Onemile Creek Area 
(Surface) 

Magnolia Formation o f  the 1620.00 125.90 0.35 1143 
Onemile Creek Area 
(Subsurface) . 

Sierra Madre 

Deep Gulch Conglomerate 

Deep Gulch Conglomerate 
(SI ~rfnnc) 

Deep Gulch Conglomerate 
(Subsurface) 

Magnolia Formation 



CONCLUSIONS FROM GEOCHEMICAL PROSPECTING 

Some.of the  ge6chemical.studi'es o u t l i n e d  above are usefu l  too ls  i n  l oca t -  

ing  favo rab le  areas t o  prospect  f o r  uran ium, bu t  t h e i r  usefulness 

v a r i e s  w i t h  te r rane  and a v a r i e t y  o f  o ther  fac to rs .  We be l i eve  t h a t  

stream sediment and rock sampling a re  more usefu l  i n  the  areas s tud ied 

and t h a t  t he  radon method i s  not y e t  f u l l y  evaluated. 

None o f  these methods s u b s t i t u t e  f o r  geologic mapping o r  geologic 

e x p l o r a t i o n  concepts. We d o u b t . t h a t  any o f  the.uranium-bearing quar tz -  

pebble cong1omerat.e~ would have been discovered w i thout  the  a p p l i c a t i o n  

o f  the quartz-pebble conglomerate model i n  exp lo ra t i on .  

Surface Leaching 

I t  was c l e a r  from the beginning of t h i s  study t h a t  sur face out-  

crops had been leached and ox id i zed  because there  was d i s c o l o r a t i o n  o f  

quartz-pebble conglomerates ( red and brown s t a i n i n g )  and, i n  many l o -  

c a l i t i e s ,  numerous cub ic  c a v i t i e s  cou ld  be recognized i n  quartz-pebble 

conglomerates t h a t  were be l ieved t o  be voids l e f t  a f t e r  o x i d a t i o n  and 

d i s s o l u t i o n  o f  p y r i t e .  No t r u e  gossans have been found a l though a few 

quartz-pebble cong lomerate sampl es had 1 imon i t e  (geoth i t e )  pseudomor- 

ph i c  a f t e r  p y r i t e .  

Thc rad iaac t  i v i  t y  o f  the quai-tz-pebble L O I I ~  lu111e1 d ~ e s  was 1111 l l a l  l y  

a t t r i b u t e d  t o  thorium, because we assumed t h a t  uranium minerals had been 

leached ' f rom sur face outc rops along w i t h  p y r i t e .  Therefore we d i d  no t  

be1 ieve t h a t  assays f rom surface outcrops would be an adequate measure 

o f  the uranium content  o f  t h e  roclts and wc suspcctcd t h a t  a i rbo rne  rad io -  

m e t r i c  surveys might n o t  be as usefu l  a t o o l  here as they a re  i n  Wyoming 



basins, where pr imary uranium minera ls  are  di'ssolved but  a r e  re-deposited 

as ox id ized mi'nerals i n  the  v i c i n i t y  of. sandstone-type deposi ts .  Ne i ther  

the  anions necessary , f o r  the  format ion o f  i nso lub le  ox id i zed  uranium 

species (carbonate, sulphate, arsenate, s i l i c a t e )  nor elements such as 

potass i um, c a l c  i um, o r  vanad.i um 'necessary t o ,  form i nsol ubl e carnot  i t e  

o r  tyuyamuni'te are  abundant 'in quartz-pebble . conglomerates. . Therefore, 

the uran i  um i n  these deposi ts  was thought t o  be removed from so lub le  

uranium mineral species a t  the  sur face and t ransported i n  d i  l u t e  ground 

and sur face waters t o  the adjacent  basins. The f a c t  t h a t  p r e c i p i t a t i o n  

i n  the mountains i s  two t o  th ree times greater  than t h a t  o f  the  basins 

i s  undoubtedly another fac to r . . con t r i bu t i ng  t o  the  thorough leaching o f  

uranium from the quartz-pebble conglomerate outcrops. What i s  more, we 

be l i eve  t h a t  o x i d a t i o n  and leaching o f  quartz-pebble conglomerates might 

have occurred a t  several per iods du r ing  t h e  T e r t i a r y  (Mi 1 l e r  and others,  

1977, p. 9) so t h a t  the  amount bf surface leaching i s  no t  dependent on 
. , 

the amount o f  t ime s ince the. ~ o ~ ~ l o m e r a t e s  were l a s t  exposed, which was 

probably Late P l  iocene o r  Ear ly  Ple is tocene.  

The concept of leaching o f  uranium from sur face outcrops l e d  t o  the  

proposal t h a t  d r i l l i n g  be low ' the  zone o f  o x i d a t i o n  would be necessary be- 

f o r e  these quartz-pebble conglomerates occurrences could be adequately 

evaluated (Mi l  l e r  and o thers ,  1977). We knew o f  no t r i e d  way t o  pre-  

d i c t  from sur face minera log ica l .  o r  geochemical s tud ies  whether a uranium- 

bear ing mineral species would. be present a t  depth i n  the  quartz-pebble 

cong 1on1er;a tes. 

However, one technique which may be usefu l  . i n  the  f u t u r e  i n  evalu- 

a t i n g  uranium loss  due t o  leaching and i n  p r e d i c t i n g  t h e  presence o f  

appreciable uranium i n  subcrop i s  lead isotopes. Lead isotope studies 



o f  some g ran i tes  i n  c e n t r a l  Wyoming ( ~ o s h o l  t and others, 1969; Stuck- 

less,  1979) showed t h a t  Pb208 and i t s  parent  isotope Th are present 
232 

i n  approximately equal amounts whereas Pb i s  genera l l y  present i n  206 

excess o f  t he  amount necessary f o r  e q u i l i b r i u m  w i t h  i t s  parent  isotope 

U238. I f  i t  i s  assumed t h a t  PbZo8 and Pb206 a re  essen t ia l  l y  i~nx~obi  l e ,  

t h e e x c e s s o f  Pb 206 a s c o m p a r e d w i t h ~ ~ ~ ~ c a n b e a t t r i b u t e d  t o u r a n i u m  

l o s s  f rom weathering. A f t e r  the  i n i t i a l  holes were d r i l l e d  i n  the  

Onemi l e  Creek area, i t  was determimed. t h a t  una l te red p y r i  t e  was 

present  i n  the subsurface and t h a t  Th/U r a t i o s  below a depth o f  about. ' 

30 meters were about I i n  most samp'les as compared w i t h  r a t i o s  o f  about 

2-6 on t h e  sur face.  I t  was obvious from t h i s  t h a t  leaching o f  uranium 

minera ls  had taken p lace.  Samples were then submitted t o  geochemists. o f  
. . 

the  Un i ted  States Geological Survey t o  determine i f  lead isotope s tud ies  

cou ld  be used t o  p r e d i c t  uranium loss  and thus a i d  i n  making decis ions on 

whether o r  not t o  d r i l l  i n  o the r  l o c a l i t i e s .  These s tud ies  were completed 

i n  1979 b u t  were n o t . c o n c l u s i v e  (F.A. H i l l s ,  1979, personal communication) 

enough t o  be used f o r  dec i s ion  making i n  d r i l l i n g  programs., We a n t i c i p a t e  

t h a t  t h i s  type o f  study w i l l  be cont inued and may be o f  g reat  value i n  

prospect ing .  

One key o b j e c t i v e  o f  t he  d r i l l i n g  program was t o  t r y  t o  q u a n t i f y  the  

depth and degree o f  sur face leaching o f  uranium i n  order  t o  make accurate 

uranium resource est imates. A s t a t i s t i c a l  study was made by ~ o r ~ m a n  and 

o the rs  (1980) i n  two key areas, where d r i  1 1  ing coverage was most complete: 

t he  Onemile Creek area o f  t he  Medicine Bow Mountains;ahd the Car r i co .  

Ranch area o f  t h e  S i e r r a  Madre. The r e s u l t s  o f  the s t a t i s t i c a l  study 

were s u r p r i s i n g  i n  t h a t  they showed a s t r i k i n g  d i f f e rence  i n  chemistry be- 

tween the  S i e r r a  Madre and Medicine Bow deposi ts  and they demonstrated 



t h a t  uranium l o s s  was n o t  c o n s i s t e n t  w i t h  depth.  By us ing  a m u l t i v a r i -  

a t e  s tepwise regress ion  method ( ~ o r ~ m a n  and o t h e r s ,  1980, p. 47) ,  i t  was de- 

termined t h a t  leach ing  was n e g l i g i b l e  below a depth o f  about 47 meters.  

The s u r p r i s e  was t h a t  equa t ions  a t  s u b s t a n t i a l  depth (% 47 meters)  r e -  

duce t o  t he  r e l a t i o n s  f o r  no leach ing  o f  

S i e r r a  Madre (depth = w )  

U/Th = . 5 6 ~ h - - ~ ~  

Medic ine Bow (depth = "1 
U/Th = 4.99Th-;34 

Note t h a t  t h e  exponent f o r  t ho r i um i s  about t h e  same i n  bo th  areas,  

b u t  t he  m u l t i p l i e r  i s  n i n e  t imes l a r g e r  i n  t h e  Medic ine Bow Mountains than 

i n  t h e  S i e r r a  Madre. Th i s  i n d i c a t e s  t h a t  most o f  t he  r a d i . o a c t i v i t y  i n  t h e  

S i e r r a  Madre area i s  f rom thor ium,  whereas t h e  Medic ine Bow Mountain area 

has p r o p o r t i o n a l l y  much more uranium. I n  o t h e r  words, t h e r e  was f a r  l e s s  

uranium t o  leach  i n  t he  S i e r r a  Madre and a method such as t h e  lead i so tope  

method d iscussed above, t o  p r e d i c t  t h i s  f rom study o f  su r f ace  samples mi.ght 

save s u b s t a n t i a l  d r i l l i n g  cos t  i n  the  f u t u r e .  

A second f i n d i n g  o f  t h e  l each ing  s tudy was t h a t  t he  amount o f  uranium 

l each ing  increases w i t h  depth t o  about t he  f i r s t  t e n  meters and then de- 

creases s t e a d i l y  t o  50 meters below which l each ing  i s  absent.  Th i s  f i n d i n g  

remains s p e c u l a t i v e  l a r g e l y  because d r i  11 i n g  was designed t o  i n t e r s e c t  

r a d i o a c t i v e  rocks below about 30 m so t h a t  sampl ing c o n t r o l  a t  sha l low depths 

i s  poor and t h e  reg ress ion  equat ions  a r e  e s s e n t i a l l y  based on su r f ace  

samples, and samples f rom below 30 m. Never the less,  Borgman and o the rs ,  

.(1980, p.  52) found t h i s  r e l a t i o n s h i p  i n  s c a t t e r  p l o t s  o f  uranium versus 

depth i n  bo th  t h e  S i e r r a  Madre and Medic ine Bow Mountains and they be- 

l i e v e d  i t  t o  be r e a l  and n o t  a  p e c u l i a r i t y  o f  t he  s t a t i s t i c a l  a n a l y s i s  



procedure. Borgman and o thers  (.1980; p: 52) suggested . . t h a t  the  leach- 

i ng  behavior may be a f f e c t e d  by the  l eng th  o f  t ime moisture stays i n  

contac t  w i t h  o r e  as i t  perco la tes  downward. That i s ,  sur face moisture 

might  move down r a p i d l y  a t  f i r s t . a n d .  then slow down w i t h  increasing 

depth. Other processes m,ay al.so be involved.  For example, two per iods  

o f  leach ing may be invo lved -- one i n  the  T e r t i a r y -  and a second i n  the  

P le is tocene.  I n  any event,  t he  leaching process i s  n o t  a simple s t r a i g h t  

l i n e  r e l a t i o n s h i p  and i t  w i l l  r e q u i r e  a d d i t i o n a l  study t o  understand i t  

and t o  devise methods o f  p r e d i c t i n g  uranium concentrat ions a t  depth. 

GEOCHEMISTRY AND SEDIMENTOLOGY 

I t  has been shown by Theis (1979) t h a t  there  i s  a r e l a t i o n s h i p  be- 

tween the  s i z e  o f  c l a s t s  and the  percentages o f  var ious  elements i n  the  

quartz-pebble conglomerates o f  the  B l  ind River  uranium d i s t r i c t  o f '  Canada. 

The v a r i a t i o n  i n  percentages o f  elements i n  the  quartz-pebble conglomer- 

a tes  r e f l e c t s  t h e  mineralogy and the s i z e  o f  c l a s t s  i s  r e l a t e d  t o  sedi-  

ment c a r r y i n g  capac i ty  of t h e  streams o r  r i v e r s  o f  Ea r l y  Pro terozo ic  t ime. 

The doncept o f  hydraul i c  equivalence (Ri ttenhouse, 1943) s ta tes  t h a t  

g r a i n s  c a r r i e d  i n  suspension and deposi ted as cu r ren t  v e l o c i t y  decreases 

should have the  same s e t t l i n g  v e l o c i t y  (Rubey, 1933). That i s ,  l a rge  

l i .gh t  g r a i n s  should be 'deposi ted a long w i t h  small heavy g ra ins  t o  main- 

t a i n  h y d r a u l i c  equivalence, and there  should be a r e l a t i o n s h i p  between 

s i z e  and s p e c i f i c  g r a v i t y  o f  heavy minerals deposited w i t h  a g iven s i z e  

o f  qua r t z  c l a s t s .  I f  heavy minerals a re  approximately the same s ize ,  a 

heavy mineral  o f  h i g h  s p e c i f i c  g r a v i t y  w i l l  be deposited w i t h  the  l a rge r  

q u a r t z  c l a s t s  and a heavy mineral  w i t h  lower s p e c i f i c  g r a v i t y  w i l l  be 

deposi ted w i t h  smal l e r  qua r t z  c l a s t s .  There a r e  a number o f  o the r  v a r i -  

ables involved such as t ranspor t  by t r a c t i o n  vs. t ranspor t  i n  suspension, 
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re-entrainment lo and, 1967), and i n f i l t r a t i o n  (Minter, 1979) but ,  i f  a  

r e l a t i o n s h i p  between g r a i n  s i z e  and mineralogy ( r e f l e c t e d  i n  chemistry)  

can be shown, i t  c e r t a i n l y  suggests t h a t  h y d r a u l i c  f a c t o r s  were opera- 

t i v e .  

I n  the B l i n d  River  quartz-pebble conglomerates, quar tz  i s  t h e  

pr imary l i g h t  mineral  and the  p r i n c i p a l  heavy minerals a re  p y r i t e ,  

uran i n i  te ,  branner i te ,  z i r con ,  and monazite. When the  diameter o f  

quar tz  c l a s t s  i s  p l o t t e d  aga ins t  cerium.and' lanthanum (e'lements t h a t  

r e f l e c t  the presence of .monazi t e )  t he re  i s  'ari inverse re1 at i .onship 

between the  percentage o f  these elements and the  s i z e  o f  quar tz  cl .asts 

w i t h  h ighest  concentrati.ons i n  f iner -gra  ined cong lomerates ( ' 1  he1 s, 

1979, p. 11). Inasmuch as monazite i s  r e l a t i v e l y  small ,  has a  1 im i ted  

s i z e  range, and has a  r e l a t i v e l y  low s p e c i f i c  g r a v i t y  i s  compared w i t h  

o ther  heavy mine ia ls ,  t h i s  r e l a t i o n s h i p  's lggests t h a t  changes i n  mona- 

z i t e  concent ra t ian  r e f l e c t s  d i f f e r e n t  depos i t i ona l  energy cond i t ions .  

The same inverse r e l a t i o n s h i p  between quar t z  c l a s t  s i z e  and z i rconium 

(element t h a t  r e f l e c t s  the  presence o f  z i rcon)  i s  noted a.t B l  ind  ~ i v e r  

 heis is, 1979, p.  l l ) ,  and t h a t  i s  undoubtedly c o n t r o l l e d  by s i m i l a r  

hyd rau l i c  fac to rs .  As f u r t h e r  v e r i f i c a t i o n  o f  t he  r o l e  o f  hyd rau l i c  

f a c t o r s  a t  B l i n d  River,  Theis (1979, p. 12) noted a  d i r e c t  r e l a t i o n -  

sh ip  between the  uranium content  o f  the  conglomerate and quar tz  c l a s t  

s i z e  and an inverse r e l a t i o n s h i p  between thor ium content  and c l a s t  

s ize .  This i s  i n te rp re ted  as due t o  th'e h i g h  s p e c i f i c  g r a v i t y  uranin-  

i t e  being associated w i t h  l a r g e r  c l a s t  s i z e  and lower dens i ty  thorium- 

- bear ing m i  nera 1s (monazite and t h o r i  te)  . being associated w i t h  smal l e r  

quar tz  c l a s t s .  These re la t tonsh ips  a r e  shown more c l e a r l y  by a  s t rong 



c o r r e l a t i o n  between U 0 /Tho versus g r a i n  s ize ,  which shows t h a t  t h i s  
3 8  2 

r a t i o  i s  l a r g e s t  i n  t he  coarses t  conglomerates. 

When the same s t a t i s t i ' c a l  t e s t s  used by Theis were a p p l i e d  t o  

samples f rom the  C a r r i c o  Ranch l o c a l i t y  o f  the  S i e r r a  Madre and the  

Onemile Creek l o c a l i t y  o f  t h c  Medicine Bow Moulitains no Bli 'nd R iver - type 

c o r r e l a t i o n  was noted between g r a i n  s i z e  and key elements such as U, 

Th, Z r ,  Ce ( ~ a b l e s  1.9 and 1.'10). Th i s  l a c k  o f  c o r r e l a t i o n  i s  ex- 

p l a i n e d  by the f a c t  t h a t  t he  s p e c i f i c  g r a v i t y  of  uranium-thorium- 

bea r ing  heavy m ine ra l s  i n  southern Wyoming conglomerates (u ranothor i  t e ,  

monazite - h u t t o n i  t e ,  monazite, z i r c o n  and c o f f i n i  t e )  a r e  a1 1 about the 

same (between 4 and 5) so t h a t  v a r i a t i o n s  i n  depos i t i ona l  energy condi- 

t i o n s  d i d  n o t  s i g n i f i c a n t l y  f r a c t i o n a t e  the  heavy minera ls .  I n  con- 

t r a s t ,  B l  i nd R ive r  conglomerates con ta in  u r a n i n i  t e  (,specif i c  g rav i  t y  8- 

10) and z i  rcon and monazite ( spec i f  ;c g r a v i t y  4-5) and these heavy min- 

e r a l s  were e f f e c t i v e l y  f r a c t i o n a t e d  by h y d r a u l i c  processes. 

I f  we assume t h a t  h y d r a u l i c  f a c t o r s  were ope ra t i ve  i n  format ion 

o,f the Wyoming deposi ts ,  as they must have been a t  B l i n d  R iver ,  i t  seems 

probable t h a t  t h e  known deposi.ts i n  Wyoming d i d  n o t  con ta in  u r a n i n i t e  

o r i g i n a l l y .  I f  u r a n i n i t e  had been present ,  say a t  Onemile Creek, and 

subsequently a l t e r e d  t o  uranium-thorium o r  uranium s i l i c a t e s ,  a g r a i n  

s i z e  c o r r e l a t i o n  should, be expected. That i s ,  t he  uranium-r ich samples 

should have come from the  cnarsest conglomerates. Inasmuch a? t h i s  i s  

n o t  t he  case, we suggest t h a t  u r a n i n i t e  was no t  a d e t r i t a l  minera l  i n  

the southern Wyoming l o c a l i t i e s .  



TABLE 1.9. MATRIX  OF PEARSON CORRELATION COEFFICIENTS RROM THE DEEP GULCH CONGLOMERATE. 
CORRELATIOhI COEFFICIENTS FOR ELEMENTS WERE COMPUTED USING LOG TRANSFORMATIONS BASED 
ON DATA FROM 220 SUBSURFACE AND 200 OUTCROP SAMPLES.. 
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P 
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. . 

*Approximately 801 analyses were a?/ai.lable for- La and Pb correlations. 



TABLE 1.10. MATRIX OF PEARSON CORRELATION ZOEFFICIENTS FOR RADIOACTIVE CCNGLOMERPITES OF THE MAGNOLIA FORMATION FROM THE ONEMILE 
CREEK AREA. CORRELATION COEFFICIENTS FOR ELEMENTS N E R E  COMPUTED USING LOG TRAVSFORMATIONS. 
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SUMMARY OF CONCLUSIONS 

RESOURCE EVALUAT I ON AND ECONOM I c POTENT I AL 

Th is  p r o j e c t  has i d e n t i f i e d  3860 tons o f  U 0 w i t h  a c u t - o f f  o f  1'00' 
3 8 

ppm U 0 and 8350 tons Tho2 w i t h  a cu t -o f f  o f  100 ppm Tho2 i n  Precambrian 
3 8 

quartz-pebble conglomerate depos i ts  o f  the  S i e r r a  Madre and the  Medicine 

Bow Mountains o f  wyoming. There i s  an est imated .10 p r o b a b i l i t y  t h a t  t h e  

ac tua l  resources i n  the S.ierra Madre a re  two o r  more times the est.imates 

given. S i m i l a r l y ,  i t  i s  est imated t h a t  t he re  i s  a p r o b a b i l i t y  of  .45 t h a t  

the  resources i n  the  Medicine Bow area a re  tw ice  o r  more those..given.. I n  

t he  Medicine Bow Mountains i n  p a r t i c u l a r ,  l a rge  areas t h a t  are'known t o  be 

under la in  by r a d i o a c t i v e  quar tz-pebble conglomerates have no t  been d r i l l e d  

and, a l though our  geo log ic  eva lua t i on  suggests t h a t  these areas do n o t  have 

the  p o t e n t i a l  o f  the.0nemi le Creek area o f  the  nor theas tern  Medicine Bow 

Mountains, so much o f  t he  Medicine Bow.Mountains i s  covered w i t h  gla.cia1 

d r i f t  t h a t  i t  remains a good t a r g e t  f o r  f u t u r e  exp lo ra t i on .  

The most impo'rtant occurrence o f  uranium i d e n t i f l e d  i n  the S i e r r a  

2 
Madre and Medicine Bow Mountains i s  a 5 km area r e f e r r e d  td as the  one- 

m i l e  Creek area o f  the nor theas tern  Medicine Bow Mountains. The One- 

m i  l e  Creek prospect which i s  locat,ed about 5 km south o f  the v i  1 lage.  

o f  A r l  ington,  conta ins  1801 tons U 0 and 1106 tons Tho2. There are  a 
3 8 

number o f .  hor izons o f  quartz-pebble conglomerate t h a t  exceed 2 meters 

i n ' t h i c k n e s s  and average rnore than 100 ppm uranium, bu t  d r i l l i n g  i s  

inadequate t o  de term[ne. the .ex ten t  o f  these beds. 

The c u r r e n t  economic depression i n  .uranium p r i c e s  (+ - $ 2 5 , ~ ~  .per 

pound i n  1981) makes i t  very  unl  i k e l y  t h a t  uranium o f  t h i s  grade could 

be mined 'by subsurface methods a t  any t ime i n  the  near f u t u r e .  However, 



the  uranium i n  quar tz-pebble conglomerates i s  present  as c o f f i n i t e  and 

u r a n o t h o r i t e  which a r e  metamict and obv ious ly  q u i t e  so lub le ,  inasmuch 

as the  uranium has been s t r o n g l y  leached from sur face outcrops t o  a 

depth o f  about 50 meters. Therefore, t he  f e a s i b i l  i ty o f  chemical leach- 

i n g  o f  uranium should be i nves t i ga ted  . . as p a r t  o f  f u t u r e  economic ap- 

p r a i s a l s .  The conglomerates a re  s t r o n g l y  f o l i a t e d  and i n tense ly  

f r a c t u r e d  which would make leaching more feas ib le .  

T h o r i ~ ~ m  reserves a r e  s i g n i f i c a n t  i n  bo th  the S i e r r a  Madre and Medi- 

c i n e  Bow ~ o u n t a i n s  bu t  u n t i l  a  ready market i s  developed f o r  thorium, 

perhaps by g rea te r  use as a fuel  i n  nuc lear  reac to rs ,  there' i s  i n s u f -  

f i c i e n t  demand f o r  thor ium t o  develop these reserves. Furthermore, 

l a r g e  reserves o f  thor ium a r e  present  i n  the Uni ted States ( ~ t a a t z  and 

o the rs ,  1979; S taa tz  and o the rs ,  1980) i n  var ious  o the r  types o f  deposi ts  

which can be mined a t  lower cost  than the  quar tz-pebble conglomerates o f  

t h i s  area. 

The detai led-sampli .ng and analyses necessary f o r  the  de terminat ion  o f  
. . 

t he  amount o f  g o l d  i n  t h e  quar tz-pebble conglomerates have no t  beer\. Jur~e 

i n  e i t h e r  the S i e r r a  Madre o r  Medicine Bow Mountains. 314 samples have been 

analyzed by neut ron  a c t i v a t i o n  and 77 samples contained > 0.0 ppm gold.  The range 

i n  go ld  values was fromO.O1 ppm to  10.0 ppm w i t h  an average g o l d  content  of 

0.37 ppm. I n  t h e  Dexter Peak area o f  the S i e r r a  Madre one sample c o l l e c t e d  

f o r  s tud ies  made by the  Un i ted  States Geological Survey conta ined 10 ppm 

go ld   ouston on, 1979) which was the  l i i yhes t  y o i d  value determined I n  any 

l o c a l i t y .  The S i e r r a  Madre was thus considered a promis ing area f o r  l a r g e  

sample t e s t s .  Two samples from the  Car r i co  Ranch l o c a l i t y  weighing 89 and 

110 pounds were d i  saggregated and. the heavy f r a c t i o n  analyzed f o r  go1 d. 



The method'of  analyses took i n t o  account g r a i n  s i z e  and sample s p a r c i t y  

f a c t o r s  ( ~ l  i f t o n  and o thers ,  1969) and thus the  values ob ta ined were 

considered an accura te  measure o f  the  g o l d  content  of  the  sample. These 

two samples conta ined < 1 ppm and < 1 ppm gold.  There fore ,  r e s u l t s  ob- 

t a  ined t o  date suggest t h a t  the quartz-pebble conglomerates o f  t h e  S i e r r a  

Madre and Medicine Bow Mountains a r e  not.  promis ing as a source o f  bo ld ,  

. b u t  we again emphasize t h a t  n e i t h e r  sampling methods nor  sample s i z e  i s  

adequate f o r  s t a t i s t i c a l l y  v a l i d  go ld  determinat ions.  

A t  the  present  t ime (1981) none o f  the  areas s tud ied  i n  e i t h e r  t he  

S ie r ra  Madre o r  Medicine Bow Mountains conta ins  enough urani.um, thorium, 

o r  go ld  t o  be mined a t  today 's  p r i c e s .  Inasmuch,as the  pr imary reserves 

are  thorium, which i s  n o t  i n  g rea t  demand a t  present ,  i t  appears t h a t  a 

combination o f  a l l  values (uranium, thorium, and go ld)  i s  a l s o  inadequate 

t o  promote development. The depos i ts ,  however, do represent s u b s t a n t i a l  

reserves f o r  the  fu tu re .  

SUGGESTIONS FOR PROSPECTING 

There are  two reasons t o  consider  a d d i t i o n a l  p rospect ing  i n  the 
. . 

S i e r r a  Madre and Medicine Bow Mountains: 1)  h igher  grade deposi t s  o f  

uranium o r  go ld  may be found, o r  2)  a f u t u r e  p r i c e  change f o r  uranium, 

gold, o r  thor ium might make low-grade depos i ts  mineable. I n  a d d i t i o n ,  

t h i s  area i s  p a r t  o f  a uranium prov ince (Houston, 1979; Stuckless,  1979) 

'and quartz-pebbl e conglomerates are  c e r t a i n l y  no t  the  on l y  type o f  uran- 

ium deposi t t h a t  may occur I n  Precambrian rocks. 

Deposit  type, l o c a l i t i e s ,  arid j u s t i f i c a t i o n s  f o r  f u r t h e r  prospect-  

i ng  i n  the S i e r r a  Madre and ~ e d i c i n e  Bow Mountains a re  summarized i n  

Table 1 . 1 1 .  



TABLE 1.1 1. SUGGESTIONS FOR PROSPECTING. 

Medicine Bow Mountains 

Justification Type Deposit Locality 

Quartz pebble conglomerate Magnolia Formation from Rock Creek 
to the confluence of Little Brush 
Creek and Brush Creek 

Surface outcrops scarce and drilling 
inadequate to evaluate potential 

Quartz pebble conglomerate Magnolia Formetion wcst of confluence 
of Little Brush Creek and Brush Creek 

Arkosic paraconglomerate of lower 
Magnolia Formation radioactive. 
Overlying quartz pebble conglom- 
erate not exposed, but can be 
prospected by shallow drill holes . . 

Quartz pebble conglomerate Magnolia Formation east of Arrastre Lake Radon anomalies suggest deposits at 
del~t t~,  ~ ( I I  I I ~ L  vwilied b y  ulle 
drill hole 

Quartz pebble conglomerate Magnolla Formation headwaters of 
North Fork Rock Creek 

Radur~ arlorr~alies suggest deposits at 
depth, but ,not verified by one 
drill hole 

Felsic igneous rock west of Lewis Lake Sulphide veinlets in felsic igneous 
rock contains up to 1000 ppm 
uranium in several localities 
(Houston and others, 1979, p. 46) 

Vein deposits 

Unconformity 

Tertiary Roll-type deposit 

Unconformity at base of Nash Fork 
Formation from Rock Creek 
Ridge to Sourdough Creek 

Late Early Proterozoic unconformity. 
Uranium-bearing sulphide veinlets 
in felsic igneous rock occur at this 
unconformity 

Paleocene and Early Eocene arkosic 
sandstones east end north of 
Precambrian outcrops 

Uranium leached from quartz pebble 
conglomcrate could be rede- 
posited in Tertiary arkosic 
sondetonc . 

In  Shear Zone and related 
fgults north and $ ~ v t h  
of major fracture 

Uranium in faults Radon, rock chip, and stream sedi- 
ment anomalies in the vicinitv of 
shear zone and other faults. 
Probability good that remobilized 
uranium might be found in late 
faults inasmuch as quartz pebble 
conglomerate constitutes a major 
source for uranium 

Graphite Graph~te schist in Phantom Lake 
Metamorphic Suite and in Nash 
Fork Formation lI..louston end 
others, 1968) 

Graphite good collector tor 
mobilized uranium 

Quartz pebble conglomerate 

n 1 1 ~ r t 7  PAhh~R conglomerate, 

unconformity 

.Magnolia Formation from Dexter Peak 
east to Bridger Peak 

Inadequate drilling to test potential- 
gold possibility 

Inadequate drilling to test potential- 
gold and thorium best prospects 

Jack Creek Quartzite on north side 
of synclinorium 

At  southern limit of outcrop of 
metasedimentary rocks 

Unconformity at base of Nash Fork 
Formation equivalent (Slaughter- 
house Formation) 

~ r a n l u m  i r l  faults I n  Shear Zone and related 
faults north and south 
of this major fracture 

Same as in Medicine Dow Mountains 

Graphite In  Slaughterhouse Formation Same as in Medicine Bow Mountains 



COMPARISON W(TH KNOWN DEP0SI:TS 

Table 1.12 i s  a comparison o f  the  var ious  fea tures  o f  rad ioac t i ve  

cong lornera tes  o f  southeastern Wyomi.ng w i  t h  a genet ic  model f o r  Precam- 

b r i a n  uranium-bearing f o s s i l  p lacers  which i s  based on data from known 

deposi ts  o f  uranium-, thorium- and gold-bear ing quartz-pebble conglom- 

erates.  As can be seen by inspect ion  o f  Table 1.12, both Archean and 

Ear l y  Pro terozo ic  deposi ts  o f  the  S i e r r a  Madre and Medicine Bow Moun- 

t a i n s  are  s i m i l a r  i n  basic c h a r a c t e r i s t i c s  t o  the  model. A l l  deposi ts  

a re  w i t h i n  the  c o r r e c t  age bracket and a l l  were deposited i n  f l u v i a l  

environments. The best  f i t  t o  the  model i s  t he  Magnolia Formation o f  

the Medicine Bow Mounta ins, where bo th  source rock and envi ronment o f  

depos i t ion  f i t  the model w e l l .  We suspect t h a t  these Magnolia Formation 

deposi ts  w i l l  u l t i m a t e l y  be o f  economic i n t e r e s t ,  a l though from an eco.: 

nomic v iewpoint  i t  i s  u n f o r t u n a t e . t h a t  a more proximal o r  more completely 

reworked fac ies  does not  crop ou t .  A major disappointment i s  the  Mag-' 

n o l i a  Formation o f  the  S i e r r a  Madre, where the  beds are  probably too 

d i s t a l  t o  be o f  economic i n t e r e s t ,  o r  as discussed above, o u r . s t r a t i - '  

graphic co r re la t i on ' s  between the  S i e r r a  Madre and Medicine Bow Mountains 

may not  be e n t i r e l y  co r rec t .  

The Deep Gulch Conglomerate o f  the  S i e r r a  Madre i s  considered a 

c l a s s i c  example o f  the wrong source rock. Quartz-pebble conglomerates o f  

the Deep Gulch Conglomerate a re  b e t t e r  developed and probably a more 

proximal f a c i e s  than those o f  the 'Magnol ia Formation o f  t he  Medicine 

Bow Mountains, bu t  the  percentage o f  uranium-bearing heavy minerals i s  

too low t o  be of 'economic i n t e r e s t .  We b e l i e v e  t h a t  t h i s  conglomerate 

was deposited p r i o r  t o  the  formation o f  uranium-r ich Late Archean gran- 

i t e s  which we view as the  pr imary source o f  uranium minera ls  o f  the  

Wyoming P rov i nce. 



TABLE 1.12. COMPARISON OF RADlOACTrVE CONGLOMERATES IN SOUTHEASTERN WYCaMING WITH THE GENETIC MODEL FOR FORMATION 
OF PRECAMBRIAN URANIUM..BEARING C0:NGLOMERATES; 1- BOXES INDICATE IMPORTANT DISCREPANCIES. 

MEDICINE BOW MOUNTAINS 

ROCKrAOUNTAIr CUJGLOM6RCTE MAGNOL~A FORMATIOV 

SIERRA MADRE . 
DEEP GULCH CONmOMER4TE MAGNOL' A FORMATION MODEL IHOUSTON AND KARLSTROM, 1980  

I Age constrdnu 
el older than 20(10 m.v. 

I Age 
al older lhan 2600 n.r 

I. Age 1 Age 
11 old- than 2jOC m . ~  a1 2500. ZOW m.y. 

I1 Source s e a  I1 L v r c a  area 

I Age 
a1 26W.2000 n.v. 

8) maimlv Arbe8warcdior i r ic  ~nezser .  
no h r e  Arbearn grslile to ruppl.. U 

I1 S o ~ r c o  area sonslraonu 
s l  Late Acmean gran.te5 Dlsvode U 
b l  gle~nflons belu ~rorodc wcote. Au 

a1 Late Archean granites m l y  Ikcally prtlpnt 
b l  gneirrn and Phantom -ake S i t e  r a k s  

I1 Source ares I t  Sourca nreo 

81 mainlv Th..ish g rad i o r i t i c  r. ronalitic a; mainly Th.riah gm i r r n  I 
gneillpr b. Phantom L a h  Su tc rock$ were important 

b l  some older me:a:ed n e r t l  an3 vdcanisr local IOY~CBI b l  old= quartlite n J  mafic uolcani. rocks Were important source rocks. 

alsooreren: 

Ill Stratigraphic sonstrelnu 
81 occur within Early Proterozoic.typa 

quartz.rich cloltic IYSCCP~O~S 

bt mav omur above bra1 Proterozoic 
~nconformi ty  

el may occur in  Late Archean volcano. 
sedimentary lucces$ionr 

d l  mov be related to cvclic rtratif iwtlon 
I L ~ Y C ~ C ~ S  reflecting lrsnrgrersionr and 
regrenionr 

el older than thick ProterozoicJron 
l~rmat ions and %somatolitis dolomites 

IV Sedimentological connrainu 
a1 associafed with fan deltas and braidsd r i ~ r  

deposits 
b l  o a l e ~ ~ r r c n u  unimodsl in  given srear bm 

may vary Over the depo~itional barin 
rclfecting different cnrry points 

CI mineralization is always related to regioral 
or local vnconformitisl 

d l  regresive de~olit ional conditions are m-t 
farorable lor concentration and p rnena  
l ion of  heavy minerals 

Ill Stratigrslhv 
a1 OSEYI near bare e l  Archean Pbercom 

Laka MetarorpaicSi te  
b l  mu. well :e lm bsal  Proterozd: 

unccnformi:, 
51 PhaRom LiLe S i f e i l 6 0 %  eli6ti. ,ocks, 

4W%m~tavdwnc rmks 
d l  a ~ w n  10 h B m9reningu-r~ ruc- 

sesi>n whim is >.er.ain by t rmpns i ve  
sandb of 8.a Ri im Qtzits 

el older than Calh =or# dolomite 

Ill Stratigraphy 
a1 bars1 unit o f  Protcrozdc O e o  Lake Group 
b l  directly above basal Proterozeic 

unsonformity 
51 Unsonformablv orellis% Phan.om Lake 

Suits 
d l  base of a finingupwarc ruccesrion: O e p  

Lake Group deposition appcas to reflect 
wclic redimentatidn 

el Older than Nosh Fork dolomi-,et 

Ill Stratigraphy Ill Stratigraphy 
a) basal unit d Phantm Lake Slit: orsrlain a) b w i  unit 01 Deep Lake Group 

by 800m t l isk  Jack Creek Ola lz i ter  b l  directly shoe bas1 Proterozoic 
b l  well below 3.-l .?<CE~OZO~C unonformily unsonformit- 
s l  Phantom LakeSuire s 63% chi t  c. 40% E: unmnformatly ovsrl in Phantom Lake 

IV Sediman~logv IV %d im~n t~ l ogy  
81 prox~mal slLwlalian jepositior, at Conglomerate Member alluvia fans; 
b l  no pr lmcvmnt  Ltaoveilab1e:no Ouenzite Member braided rivlr dew i t s  

. c r o d d i n ;  or-d b l  mainly routhwest paloocurre~s: minor 
C) sontict relationnbs wo r l y  u r d e s t o d  modsr directed wn l .  etrt. or .outh 

m i b l y  reflecting balin.edge nf luenv 
CI most radioactive songlcmerata unmn 

sons:nrratim ofblamrr lormably overlie Late Archeam granite. 
songlomerater overlying Phamom 

metarolc8n c Matsmorphic Su i r  

IV Sedimentology 
81 Perhaps alluvhl fan sedimrnlr slthovgh 

de-ition n a  well vndrrstoad 

d l  B D ~ ~ ~ I I  to  be s coariening.up*srds 
$ucce%sion oredam by tr~nsgr.iri*~ 

~- ~ ~ 

IIIUEIU~~~ p.oblPns: cirection: .re variable b l  Daleocurrents south and loutheaa 
but prcdominenllv 13~therly I CI Dres~mablv u,conlormabiv overlies I 

d l  only locally deueioppd, not a ~ p r e n t l v  
relaled to  wr l ic  deposition 

rl aPceart 10 rncon'or.~dbly ovelir Phantom Lak? Suite although contact 
"basement"gn~i~es . relsl ionhipl are complex lunits inter. 

( d l  al lu~iel fan dcpx  t ic r  was rhmt-sued a n d 1  finger or arc irfolced togetherl: no 

quan2itc ard marble 31 Jack C-e:k Otzite 
el ddar than Slaughtehu$e d o b i t e r  

e: oldsr than S1nugh:erhoulp dolomiler 

lived. giving way to transgress we marim 
redimentation uwleclion and J o y .  
palearlope 

V Lithology 
a1 reddish in  outcrop due yo oii<izcd pyrite. 

greenilh in  drillsore 
b l  saricitic quartzgranule and .abble 

c~nglomer~te: polymictic arknic para. 
congtomprars 

c l  moderate lo m r  sorting; moa  radioactive 
rocks are quartcpebble songlomeralel; 
paraconglomeratesaremush l e r  radioactive 

01 limited l r t ~ r a l  e ~ t + > t .  giving m y  10 

marine d c m i t i x  lanral y an4uo.rection 

I phvllites 01 Silgcr Peak Fm. 1 

mineralized csng:rmeratsr srs known 

d l  conglomeratw.. i f  present at all. give wav 
rapidly uwtemion and lslerslly to marine 

V Lithologic characterillic~ 
81 drab colon. no redbedr 
b l  sericitic quartz-pebble conglomerates 

sonlain the most uranium 
51 mderately sorted. moderately mature 

lithologiwlly: the most radioactive 
Conglomerste$ are the m m l  mature rock? 
within the fluvial ruccesrion 

V L i l ho l og~  
a) o u t ~ ~ p l o x ~ d i z e l  : r d l : r u b c r ~ d r a b  
b) rerici:ic guarIz.p bll cong1omera;c and 

arkosc pebtle toc3bole w i y m  st? 

paraonglomsat. 

01 sclist and quamit., few slcmea quartz- 

Mine1810gicaI chiraclerirti" 
al pyrite in  matrix 
b) uraninile is ~ommonly  the main uranium 

miners! 
CI thorium minCrsll present 
d l  gold may be present 

el carbonaceour material may be prnenl 

V Lithologv V Lithology 
a1 run.red i n  o~tc .03 .  greet in  r r bc .0~  at ovrcroaal idred,  r u b n o a  drab 

VI  M i m r a l w  

81 only Icaflerec pyrite 
b) uranium minra i*  "nidcnlilicd 1 

b l  rericilic qumz-364ble ~ ~ n g l ~ m ~ r d l e ~  
interbedded m h  q u s c p u n u h  

- -.. 
a1 p y r i t ~  may be up to 35% 01 m a i x  

I b l  coffinife is the only idelt i l ied Umineral I 

b l  granular q u a r ~ i t e  and miwceovr 
quartlite:ver) few pebble conglomerater 

I CI ICW monazite. zircm. and other heavies I 

conglomerates EL moderately rofed. arkoric to subarkoric 
51 moderately iorsc.nodc-atelr nalvre 

lirhologisallr lrubarlcsal 

C) thorile. momz i l ~ .  zirC07 

d l  maximum gdd war 0.50 ppm 
el -me carbonaceous material ioenlified 

d l  maximum gold mlue war 10 p 3 n  
el 7 d l  no god  dete::ed 

el 7 

VII Tectonic rerting 
a) related to incrscratonic rih.valley busins 
b) related to I v ~ ~ q e r l  continental margin 

redimenration 

VI I  Tectonic s n i n g  VII Tectonic rerting V11 Tectonic rening VII Tec'onic r ~ n i n g  

a) alluui~l fans :ay x rilated to b r i w d g e  e l  inuacratonic rift-valley depori:ion al ~IIuY~II fans ma* be da ted  to srin.edge 81 rift.rclated de,orition but only limited 

depo=rion b l  lownr  units of platform and niageoclinal deposition rubrerial redjnonution 
b) tectomic sett - g d  Phzntom Lale Evire redimenmry IU-ion on wrmh margin b l  tectonic ~et t ingof  Phsltom Lzl.e Suite b l  lownt  uniU on miogeoclinal depmition on 

depo.~tionalbrim unl  nown 01 Wyoming Province p ~ r l v  unde'rtmd south margin of Wvoming Province 

V l l l  Presewation and metamorphlrm 
a) metamorphic grade should be no higher 

than amphibolite lacier 

V l l l  Melamorpism 
a) smphbolite Lcie; 

V l l l  metlmorphifm V l l l  Memmorphilm 
a) gresnlshist and amphibolite Isin ' at amphibolitetac er 

V l l l  Me~lmorphirm 
81 greenwhist and swhibolire lac in  



GEOLOGIC RESULTS AND REGIONAL CORRELATIONS 

P r i o r  t o  t h i s  i n v e s t i g a t i o n ,  the  general geology o f  Precambrian 

rocks o f  the S i e r r a  Madre and Medicine Bow Mountains was as w e l l  known 

as f o r  any l a rge  area o f  the Wyoming Province. Dur ing t h i s  s tudy,  ad- 

d i t i o n a l  s t r a t i g r a p h i c ,  sedimento logical ,  and s t r u c t u r a l  data p l u s  new 

in fo rmat ion  on geochrono1,ogy have a l lowed us t o  make g rea t  s t r i d e s  i n  

i n t e r p r e t i n g  the geo log ic  h i s t o r y ,  and we a n t i c i p a t e  t h a t  exp lo ra t i on -  

i s t s  w i l l  be ab le  t o  apply t h i s  in fo rmat ion  i n  the search f o r  minera l  

depos i t s .  

The S i e r r a  Mad r e  and Med i c i ne Bow Mounta i n s  have the  most complete 

success i o n  o f  Late Archean and Ear!y ~ r o t e r o z o i  c metasedimentary and 

metavolcanic rocks o f  any l o c a l i t y  i n  the Rocky Mountains and, very 

l i k e l y ,  i n  a l l  o f  Nor th  America. We be l i eve  t h a t  t h i s  t h i c k  metasedi- 

mentary succession i s  preserved here because t h i s  was the  s i t e  o f  Ea r l y  

P ro te rozo i c  r i f t i n g  where th i ' ck  wedges o f  c l a s t i c  sedimentary rocks ac- 

cumulated. This  a rea ,a l so  appears t o  be one where c o l l i s i o n  occurred 

between i s l a n d  arcs ,  t h a t  developed t o  the  south, and the  r i f t e d  margin 

o f  the Wyoming Province so t h a t  t he  Ear ly  P ro te rozo i c  metasedimentary 

rocks may have been c a r r i e d  t o  a deeper lev'el  i n  the  c r u s t  a t  t,he co l -  

1 i si0.n s i  t e ,  and thus preserved. ' 

F igure  1.20 i s  a summary o f  t he  s t r a t i g r a p h y  o f  La te  Archean-Early 

P ro te rozo i c  metasedimentary and metavolcanic rocks o f  t he  S i e r r a  Madre 

and Medicine Bow Mountains as compared w i t h  key areas o f  metasedimentary 

rocks elsewhere i n  the Wyoming Province and i n  o the r  p a r t s  o f  Nor th  

America, Greenland, and Scandinavia. The S i e r r a  Madre-Medicine Bow 

Mountain sec t i on  conta ins  up t o  16,540 meters o f  metasedimentary and 
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metavolcanic rocks tha t  range inage from about 2800 m..y. t o  about 1800 

m.y. The c l o s e s t  l i t h o l o g i c  analog t h a t  i s  t ime compatible w i t h  the 

e n t i r e  S i e r r a  Madre-Medicine Bow sec t ion ,  from the  base o f  t he  Phantom 

Lake Metamorphic Su i te  t o  the  top of  the  Sugar loaf  Q u a r t z i t e  o f  t h e  

Lower Libby Creek Group, i s  t he  Huronian Supergroup o f  southern Ontar io .  

Format ions t h a t  a re  no tab ly  a 1 i ke a r e  the  Matinenda Fo,rmat i on  o f  southern 

Ontar io  and the Magnolia Formation of southern Wyoming; the  Gowganda 

  or mat i on  o f  southern Ontar io  and the  Headquarters Format i on  o f  southern 

Wyoming, and the  L o r r a i n  Q u a r t z i t e  o f  the Cobalt  Group o f  southern On- 

a r i o  and the  Medi'cine Peak Q u a r t z i t e  o f  southern Wyoming (F igu re  1.20, 

L o c a l i t i e s  4, 5,  and 12). What i s  more, t he  Huronian Supergroup and the  

southeastern Wyoming succession bo th  con ta in  c y c l i c ,  sedimentary sequences 

w i t h  basal paraconglomerates which suggest s i m i l a r  and probably t ime- 

c o r r e l a t i v e  c l  ima t i c  o r  t e c t o n i c  events (young, 1973; Houston and o thers ,  

1979; Kar ls t rom and Houston, 1979b). Formations o f  the  Upper L ibby Creek 

Group o f  southern Wyoming a r e  very s i m i l a r  l i t h o l o g i c a l l y  and a r e  t ime 

compatible w i t h  rocks o f  the Marquette Range Supergroup o f  t h e  Lake Su- 

p e r i o r  region.  O f  p a r t i c u l a r  i n t e r e s t  i s  t he  c o r r e l a t i o n  between s t r o -  

mat01 i t i c  dolomi tes:  Nash Fork Formation (F igure  1.20, Loc. 5 )  ; Trout  

Lake Formation (F igure  1.20, Loc. 9 ) ;  Bad River  Dolomite (F igure  1.20, 

Loc. 10); Kona ~ o l o m i t e  (F igure  1.20, Loc. 11); and o the rs  (F igure  1.20, 

LOC. 1 ,  13, '16, 17).  

The i n t r i g u i n g  aspect o f  the .  reg iona l  c o r r e l a t i o n  i s  t h a t  the  S i e r r a  

Madre-Medicine Bow sec t i on  c o r r e l a t e s  f a r  b e t t e r  w i t h  rocks o f  the Huron- 

ian Supergroup loca ted over  1800 k i lometers  east  o f  southeastern Wyoming 

than i t  does w i t h  any o f  the sec t ions  w i t h i n  the  Wyoming Province. Our 



i n a b i  1 i t y  t o  make conv inc ing  1 i : t hos t ra t i g raph ic  cor re la t ion 's  w i t h  the 

Wyoming Province may be a t t r i b u t e d  t o  incomplete geochronology and geo- 

l o g i c  mapping and b u r i ' a l  o f  much o f  the  Precambr ian.sect ion west o f  the  

M i s s i s s i p p i .  However, our  regional '  t e c t o n i c  i n t e r p r e t a t i o n  a l s o  sug- 

ges ts  t h a t ,  w h i l e  the  southern margin o f  the  Wyoming Province and the  mid- 
@ 

c o n t i n e n t  area experienced s i m i l a r  t e c t o n i c  h i s t o r i e s  i n v o l v i n g  r i f t i n g  

fo l l owed  by c o l l i s i o n a l  orogenesis, much of t he  r e s t  o f  t he  Wyoming 

Prov ince was a s t a b l e  c r a t b n i c  b lock.  

T h i s  geo log ic  problem has economic r a m i f i c a t i o n s  because, as shown 

i n  F igure  1.20, Late Archean-Early P ro te rozo i c  minera l  'deposi ts  such as 

i ron  format i on  and u r a n i  fe rous  quar tz-pebble conglomerate a r e  f ime-boutid 

and e x p l o r a t i o n  f o r  these and o ther  s t rata-bound minera l  depos i ts  i s  de- 

pendent on our .unders tand ing  o f  s t r a t i g r a p h y  and geo log ic  h i s t o r y .  i f  we 

assume t h a t  the  reg iona l  s t r a t i g r a p h i c  c o r r e l a t i o n  ( ~ i ~ u r e  1.20) i s  co r -  

r e c t ,  i t  i s  necessary t o  assume t h a t  i n  the  area between the  n o r t h  shore 

o f  Lake Huron where the  Huron ian Supergroup rocks were deposi t ed  and 

southeastern Wyoming (o r  poss ib l y  t he  B lack  ~i 11s) no rocks o f  t he  rad io -  

a c t i v e  conglomerate- t i  1 1  i t e  sequence ( ~ i g u r e  1..20) were deposited. E i t h e r  

these rocks were removed by eros ion  o r  they a r e  n o t  exposed. We w i l l  

s t a t e  our  c u r r e n t  preferences i n  e x p l a i n i n g  t h l s  problem below, bu t  our  

i n t e r p r e t a t i o n s  w i l l  no doubt be rev i sed  as new geochronologic and geo- 

l o g i c  evidence i s  compiled i n  the  f u t u r e .  

Late Archean sedimentat ion and volcanism probably involved micro-  

p l a t e  movements too  complex t o  i n t e r p r e t  r e g i o n a l l y  w i t h  our  present  

knowledge. However, c o n t i n e n t a l  and marine rock  successi~ons s.uch as: the 

L i v ings tone  Creek Formation and Thessalon Volcanics. o f  southern Canada and 

t h e  Phantom Lake Metamorphic Group.of southeastern Wyoming may have.been 



deposited near con t i nen ta l  margins. By Ear l y  Pro terozo ic  t ime, we 

b e l i e v e  t h a t  r i f t i n g  began a t  a con t i nen ta l  margin t h a t  extended from 

nor thern  Utah t o  Quebec. The c o n f i g u r a t i o n  and exact  l o c a t i o n  o f  the  

con t i nen ta l  margin i s  unknown, bu t  the  main r i f t e d  margin was probably 

a t  l e a s t  100 k i l ome te rs  south of c u r r e n t  exposures o f  Ea r l y  P ro te rozo i c  

• metasedimentary rocks on' the  n o r t h  shore o f  Lake Huron and southeas.tern 

Wyoming, and was south o f  exposures of  Archean basement i n  Wisconsin. 

The r i f t i n g  episode and accompanying sedimentat ion probably began about 

2400 m.y. ago and cont inued e p i s o d i c a l l y ,  perhaps as l a t e  as about 1900 

m.y. ago. Ea r l y  sedimentat ion was cont inenta l .  and r a d i o a c t i v e  quar tz -  

pebble conglornerates.were deposited a t  t h i s  t ime i .n . faul t -bounded r i f t  

v a l l e y s  i n  southern Canada, perhaps i n  an area south o f  what i s ,now 

Wisconsin, i n  southeastern Wyoming, and i n  an aulaeogen t h a t  may have 

developed i n  the Black H i l l s  area. I t  i s  q u i t e  p o s s i b l e  t h a t  r a d i o a c t i v e  

quartz-pebble conglomerates were deposi ted over  a f a r  more ex tens ive  

area than i nd i ca ted  above and t h a t  p rese rva t i on  was o n l y  poss ib le  i n  

r i f t e d  areas. Sedimentat ion cont inued and, as r i f t i n g  proceeded, marine 

incurs ions  took p lace which were i n t e r r u p t e d  by per iods o f  con t i nen ta l  

g l a c i a t i o n  - -  the  most no tab le  o f  which i s  recorded i n  the'Gowganda 

Format i on  o f  southern Ontar io,  Headquarters Format ion  o f  southeastern 

Wyoming, and Chibaugamau Formation o f  the  O t i sh -M is tass in i  area ( ~ i g u r e  

1.20). 

By about 1900-2000 m.y. the r i f t i n g  was complete and the cont inen-  

t a l  b lock  ' that  was south o f  the r i f t e d  area was t ranspor ted  elsewhere. 

Marine sedimentat ion cont inued a long the  con t i nen ta l  margin and inc luded 

the  development o f  carbonate banks and widespread carbonate depos i t i on  



as i n d i c a t e d  by the widespread carbonate beds a t  the  top  o f  the  alumin- 

ous q u a r t z i  te-dolomi t e  sequence ( ~ i g u r e  1.20) . A major d i f f e r e n c e  be- 

tween the  S i e r r a  Madre-Medicine Bow succession and the  marine depos i ts  

i n  t he  Black H i l l s ,  t h e  Lake Super ior  Region o f  southern Canada, and 

the  ~ a b r a d o r  Trough i s  t h a t  marine depos i ts  l a r d  down i n  the  l a t e r  

areas between about 2000 m.'y. and 1900 m.y. appear t o ' b e  e s s e n t i a l l y  

i n t r a c r a t o n i c  i n  the  sense t h a t  t he re  i s  recognizable o l d e r  con t i nen ta l  

c r u s t  on bo th  s ides  o f  the  metasedimentary basins ( ~ i m s  and others,  1981; 

Dimroth, 1972). Furthermore, the  " i n t r a c r a t o n i c "  depos i ts  a1 1 con ta in  

i r o n  fo rmat ion  whereas no s i g n i f i c a n t  i r o n  fo rmat ion  i s  present  i n  the 

S i e r r a  Madre-Medicine Bow area. We suggest t h a t  the o n l y  t r u e  con t i n -  

e n t a l  margin depos i ts  o f  t he  2000-1900 m.y. age preserved from Wyoming 

t o  southeastern Canada a r e  those t h r u s t  over  o l d e r  beds (upper Libby 

Creek Group) i n  the S i e r r a  Madre-Medicine Bow area. Elsewhere (Black 

H i  1 l s ,  Lake Super ior  region,  Labrator  l rough) depos i ts  preserved a re  i n  

basins t h a t  developed w i t h i n  an e s s e n t i a l l y  coherent l i t h o s p h e r i c  p l a t e .  

The Harquet te Range Supergroup sedimentat ion (about 2000- 1900 m.y.) 

o f  the  Lake Super ior  reg ion  has r e c e n t l y  been i n t e r p r e t e d  i n  a p l a t e  

t e c t o n i c  contex t  by ,Larue and Sloss (1980, p. 1451, F igure  2 ) .  They 

contend ( ~ a r u e  and Sloss, 1980, p. 452), "That t he  reg iona l  character-  

i s t i c s  o f  the Marquette. Range Supergroup cannot be r e a d i l y  expla ined by 

depos i t i on  on a s imple p lanar  surface. - Instead,  considerable evidence 

e x i s t s  f o r  sedimentat ion i n  separate basins and on i n te rven ing  p la t fo rms,  . 

and f o r  repeated bas ina l  subsidence. The eas tern  upper Michigan sedimen- 

t a r y  basi.ns show fea tu res  more commonly associated w i t h  h igh-angle f a u l t i n g  

(ex tens iona l  t e c t o n i c s )  than w i t h  f l e x u r a l  subsidence, i nc lud ing  evidence 



o f  l o c a l  sediment sources, l i t h o l o g i c  fea tures ,  and t u r b i d i t e  sedimen-. 

t a t i o n .  Because the sedimentary basins i n  eas tern  upper Michigan a re  

tens o f  k i lometers  i n  length  and show r e l a t i o n  t o  probable ex tens iona l  

tec ton ics ,  they a re  considered t o  be r i f t  r e l a t e d .  I n  con t ras t ,  the 

An imik ie  bas in  ( ~ i n n e s o t a )  i s  an e longate 'southwest - t rend ing  bas in ,  

. hundreds of k i lometers  i.n length,  which probably deepened toward the  

southwest. Because i t  i s  no t  known how o r  why the  An im ik ie .bas in  t e r -  

minates i n  the south, i t  cannot be resolved a t  t h i s  p o i n t  whether the  

An.imikie bas in  i s  an aulacogen o r  a bas'in charac ter ized by some o t h e r  

subsidence mechanism and depos.it iona1 s t y l e  ( f o r  example, a wrench- 

f a u l  t bas i n ) .  The overal  1 sedimentary h i s t o r y  o f  the Marquette Range 

Supergroup can perhaps best  be exp la ined by sedimentat ion on and de fo r -  

mation o f  a r i f t e d  passive margin." E s s e n t i a l l y  Larue and Sloss (1980) 

propose a depos i't iona 1 h i  s t o r y  f o r  the Marquette Range Supergroup very 

much 1 i ke t h a t  proposed by us f o r  the Medicine Bow-Sierra Madre area . 

except t h a t  t he  basins t h a t  a re  preserved i n  Minnesota and Michigan 

are  w i  t h i  n the c ra ton ,  whereas the S i e r r a    ad re-~ed i c  i ne BO~I Mounta i ns 

sediments appear t o  be nearer the  ac tua l  r i f t e d  margin. 

I f  we consider  t he  depos i t i ona l  episode o f  the  Huronian Supergroup 

( '  2400-2100 m . ~ . )  and the Marquette Range Supergroup ( -2100-1900 m.y.) 
. . 

as bo th  r e l a t e d  t o  a major episode o f  sedimentat ion a long a r i f t e d  con- 

t i n e n t a l  margin, i t  i s  reasonable t o  consider  sedimentat ion i n  south- 

eastern Wyoming and i n  the  Black H i l l s  as p a r t  o f  the same episode. 

The pr imary d i f f e r e n c e s  might s imply be t i m i n g  o f  r i f t i n g  and sedimen- 

. t a t i o n  i n  r i f t e d  basin; and the  con f i gu ra t i on  o f  r i f t  basins w i t h  re-  

spect t o  the con t i nen ta l  margin. The e a r l i e s t  basins t o  develop a r e  



assumed t o  be i n  southeastern Wyoming, on the  n o r t h  shore o f  Lake'Huron 

and i n  the  Black H i l l s  aulacogen, where rocks of the  rad ioac t i ve  con- 

g l o m e r a t e - t i l l i t e  sequence a r e  preserved. These rocks are be l ieved t o  

have been deposited i n  i n t r a c r a t o n i c  r i f t  v a l l e y s  o r  i n  marine s e t t i n g s  

near t h e  c o n t i n e n t a l  margin. l n t r a c r a t o n i c  r i f t s  developed l a t e r  on the  

c r a t o n  and sedimentary and vo lcan ic  rocks o f  t h e  i r o n  format ion-volcani-  

c l a s t i c  sequence were deposi ted i n  Michigan and Minnesota i n  these r i f t -  

basins and a l s o  i n  the  B lack  H i l l s  aulacogen. There i s  no record t h a t  

these rocks were deposi ted i n  southeastern Wyoming o r  on the  n o r t h  shore 

o f  Lake Huron. However, sedimeneatlan i s  thought t o  have conelnued 

south o f  the c u r r e n t  outcrops o f  Ea r l y  Pro terozo ic  rocks i n  southeastern 

Wyoming and t h e  n o r t h  shore o f  Lake Huron, probably a long the  Ear l y  Pro- 

t e r o z o i c  con t inen ta l  margin. The o n l y  record  o f  these rocks i s  the  Upper 

Libby Creek Group rocks which were t h r u s t  over the  o l d e r  succession i n  the  

S i e r r a  Madre-Medicine Bow area. 

Deformation t h a t  r e s u l t e d  i n  cessat ion  o f  Ea r l y  Pro terozo ic  sedimen- 

t a t i o n  i n  the Lake Super ior  reg ion i s  r e f e r r e d  t o  as the  Penokean orogeny. 

According t o  Van Schmus (1976) , t h i s  deformation, metamorphism and igneous 

a c t i v i t y  took p lace between 1800-1900 m.y. I n  t h e  S i e r r a  Madre -~ed ic ine  

Bow area and i n  the  Black H i l l s ,  deformation took p lace o r  cont inued t o  

about 1700 m.y. We b e l i e v e . t h a t  these and other  1700-1800 m.y. orogenies 

i n  Nor th  America were r e l a t e d  to c losure  o f  i n t r a c r a t o n i c  r i f t s  ac t i va ted  

by c o l l i s i o n  o f  i s l a n d  a rcs  and microcontinent 's w i t h  the  edge o f  the  

r i f t e d  Ear ly  P ro te rozo ic  Nor th  American cont inent .  These orogenic events 

appear t o  have occurred d iach ron ica l  l y  from about 1900 t o  about 1700 m.y., 

somewhat 1 i ke the  events t h a t  ' const i t u  t e  the  Tacon i c-Appa 1 ach ian orogeny 



o f  eastern North America. The deformation involved c losu re  o f  basin: 

w i t h i n  the  c ra ton as we l l  as deformation a t  the  con t inen ta l  margin. 

We suggest t h a t  ~enokean deformation i n  the  mid-cont inent  and orogenes i s 

i n  the Black H i 1  1s and ~ a b r a d o r  Trough represent the  former whereas 

deformation i n  southern Wyoming represents the l a t e r .  

This overview o f  sedimentat ion does not  present an e s p e c i a l l y  

promising pFcture. w i t h  respect t o  e x p l o r a t i o n  f o r  a d d i t i o n a l  deposi ts  

o f  rad ioac. t ive quartz-pebble conglomerates i n  the  Uni ted.  states. I t  i s  

conceivable t h a t  younger depos i ts  o f  the  Marquette Range Supergroup . ' 

. bury o l d e r  deposi'ts t h a t  may conta in  r a d i o a c t i v e  quartz-pebble conglom- 

e ra te  i n  some o f  t h e  Michigan and Minnesota basins, bu t  we suspect t h a t  

most quartz-pebble conglomerates were deposited south o f  present-day 

outcrops i n  Minnesota and Wisconsin. 
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l NTRODUCT l ON 

P a r t  2 i s  a d e t a i l e d  d i scuss ion  o f  t h e  metasedimentary rocks i n  t he  Med- 

i c i n e  Bow Mountains. Diseuss ions o f  t h e  s t r a t i g r a p h y  and sedimentary fea- 

t u r e s  o f  t h e  metasedimentary rocks i s  based on da ta  ga thered  d u r i n g  t h i s  i n -  

v e s t i g a t i o n  and p rev ious  S tud ies  o f  s t r a t i g r a p h y  and sedimentology, most no- 

t a b l y :  B lackwelder  (1926) ; Houston and o t h e r s  (1968) ; Kac ls t rom and Houston 

(1979a, 1979b) ; and L a n t h i e r  (1'979). These discuss ions a r e  f o l  lowed by an i n -  

t e r p r e t a t i o n  o f  the d e p o s i t i o n a l  h i s t o r y  o f  sedimentary rocks i n  t h e  Med ic ine  

Bow Mountains which employs a p l a t e  t e c t o n i c  model. Th i s  s e c t i o n  a l s o  t r i e s  

t o  r e l a t e  t h e  Wyoming occurrences o f  uran ium-bear ing conglomerates t o  o t h e r  

known occurrences i n  No r th  America th rough l i t h o s t r a t i g r a p h i c  c o r r e l a t i o n  and 

comparison o f  t e c t o n i c  s e t t i n g s .  Tec ton i c  h i s t o r y  i s  summarized f o r  t h e  Med- 

i c i n e  Bows; t h i s  summary cons iders  d e t a i l e d  s t r u c t u r a l  a n a l y s i s  o f  f o l d i n g  i n  

metasedimentary rocks ( i n  p a r t  from K a r l s t r o m  and Houston, 1979b) w i t h  re -  

spect  t o  a p l a t e  t e c t o n i c  model f o r  sou theas te rn  Wyoming (mod i f i ed  f rom H i l l s  

and Houston, 1979) which i nvo l ves  c o n t i n e n t - i s l a n d  a r c  c o l l i s i o n s  a t  1700 m.y. 

and perhaps a l s o  near  t h e  end o f  t h e  Archean. 

These d iscuss ions  o f  t he  geology o f  t h e  metasedimentary rocks s e t s  t h e  

s tage f o r  d e t a i l e d  eva lua t i ons  o f  ~ ~ r a n i ~ ~ m - h e a r i n g  conglomerates i n  t h e  Med- 

i c i n e  Bow Mountains. Two r a d i o a c t i v e  u n i t s  have been i n d e n t i f i e d :  t h e  Rock 

Mountain Conglomerate and t h e  Magnol ia  Format ion. The former  i s  Archean, n o t  

s t r o n g l y  r a d i o a c t i v e ,  and i s  t r e a t e d  o n l y  b r i e f l y .  The Magnol ia Format ion,  

on t h e  o t h e r  hand, i s  l o c a l l y  s t r o n g l y  r a d i o a c t i v e  and i s  d iscussed more f u l -  

l y .  .These conglomerates a r e  t he  most s t r o n g l y  r a d i o a c t i v e  conglomerates 

found so f a r  i n  t h e  Medic ine Bow Mountains and S i e r r a  Madre and a r e  t h e  o n l y  

rocks which approach economic grades o f  uranium. L a s t l y ,  we summarize t h e  



charac te r  of  t h e  Onemile Creek conglomerates and compare them. to  known . 

depos i ts  o f  uranium-bearing conglomerates. I n  doing so, we examine the  

v a l i d i t y  o f  e x i s t i n g  gene t i c  and e x p l o r a t i o n  models f o r  Precambrian 

uran i urn-bearing quar tz-pebble conglomerates (summarized by Houston and 

Kar ls t rom, 1980) and propose a few mod i f i ca t i ons  o f  these models. 

GEOLOGIC SETTING OF METASEDIMENTARY ROCKS IN THE MEDICINE BOW MOUNTAINS 

Precambrian rocks form the  core of  the Medicine Bow Mountains, a 

n o i t h - t r e n d i n g  ant  i c l  i n a l  1tp1 i ft  i q q n ~ l t h ~ . a s t e r n  Wynmin~ whi r.h was up- • 

l i f t e d  d u r i n g  the  l a t e  Cretaceous Laramide Orogeny. These Precambrian 

rocks range i n  age f rom over  2500 m.y. t o  about 1400 m.y. and preserve 

a record  o f  over  a b i l l i o n  years o f  geo1og . i~  h i s t o r y .  The ~ e d i c i n e  Bow 

Mountains con ta in  t h e  most complete and best preserved record i n  west- 

, e rn  Nor th  American o f  t h i s  p e r i o d  o f  geo log ic  h i s t o r y  and, as such, i s  

an important  area f o r  s tud ies  of Late Archean and Ear-ly P ro te rozo i c  

, sedimentat ion and t e c t o n i c s  i n  western Nor th  Amer'ica: 

t'recambrian rocks  i n  t he  core  o f  the  Medlclne Bow Muunta i r~s,  ~IIUWII 

i n  F igu re  2.1, a r e  d i v i d e d  i n t o  two geo log ic  and geochronologic t e r -  

ranes by the  no r theas t - t rend ing  Mul len Creek-Nash Fork shear zone, a 

zone o f  c .atac l .ast  i . c .  rocks ranging i n  w id th  from one t o  seven k i  lome- 

t e r s   o oust on and McCallum, 1961; Houston and o thers ,  1968; H i l l s  and 

H Q U S ~ O ~ ,  1979). Th i s  shear zone, w i t h  s i m i l a r  shear zones i n  the  

S i e r r a  Madre t o  the  wesr (Houstun and uthe1.5, 1975; GI-aff, 1478; 

1979) and the Laramie .Mounta ins  t o  t h e . e a s t  ( ~ r a f f  and o thers ,  

(1981), forms t h e  s o u t h e r n  bo.undary o f  t he  Archean Wyoming Pro-  

v i  nce, a g eochrono 1 og i c prov i nce  wh.i ch encompasses-.Precambr i an  . . 

rocks i n  Wyoming and adjacent s t a t e s  (condie, 1976; H i  11s and 
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Armstrong, 1974; H i l l s  and Houston, 1979; Houston and Kar ls t rom, 1980). 

Therefore,  rocks exposed i n  the  Medicine Bow Mountains o f f e r  the  oppor- 

t u n i t y  t o  s tudy the  geo log ic  h i s t o r y  a long t h i s  anc ien t  c r u s t a l  boundary. 

Rocks n o r t h  o f  t h e  Mul len Creek-Nash Fork shear zone c o n s i s t  o f  an 

Archean g n e i s s i c  t e r rane  which was s t r o n g l y  metamorphosed about 2500 m.y. 

ago ( ~ i  11s and o the rs ,  1968) o v e r l a i n  nonconformably by more than 13 km 

o f  q u a r t z - r i c h  rnetasedimentary rocks. Although the  age o f  these meta- 

sedimentary rocks i s  n o t  p r e c i  Sely known, they range i n  age f rom Late A r -  

chean (more than 2566 m.y. o l d )  t o  abour 1700-1900 m.y. We have d l v lded  

t h e  metased imentary rocks i n t o  th ree  success ions:  the phantom Lake Meta- 

morphic Su i te ,  t he  lower two u n i t s  o f  which a re  in t ruded by t o n a l i t e s  and 

g r a n o d i o r i t e s  o f  presumed Archean age; the Ear l y  Pro terozo ic  Deep Lake 

Group which unconformably o v e r l i e s  Phantom Lake Su i te  metasediments and 

presumed Archean g r a n i t i c  rocks  ouston on and o thers ,  1968; Kar ls t rom, 

, 1977; Kar ls t rom and Houston, 1979a;1979b); and the Ear l y  Pro terozo ic  L ib -  

by Creek Group (Blackwelder,  1926; Houston and o thers ,  1968; which i s  now 

i n t e r p r e t e d  t o  be i n  t h r u s t  f a u l t  contac t  w i t h  o l d e r  u n i t s  ( ~ a n t h i e r ,  

Metasedimentary rocks south o f  the .shear  zone a re  main ly  hornblende 

and qua r t zo - fe ldspa th i  c gneisses w i  t h  minor s i  1 1  iniani t e  gneiss and ca l c -  

s i 1 i c a t e  (McCal lum, 1964; H i  1 1  s and ~ o u s t b n ,  1979). These gnei sses are  

be1 ieved t o  be p a r t l y  paragneisses  ouston on and o thers ,  1968, p. 58) t h a t  

a r e  now complexly in t ruded by a v a r i e t y  o f  i n t r u s i v e  rocks, most no tab ly  

layered gabbroic  complexes, q u a r t z - d i o r i t e ,  and synorogenic g ranod io r i t e .  

D e t a i l s  o f  a poss ib le  sedimentary o r i g i n  o f  the  gneisses a re  unce r ta in  

because o f . t h e  h igh  degree o f  deformat ion and amphibo l i te  f a c i e s  metamor- 



phism which has o b l i t e r a t e d  p r ima ry  f e a t u r e s .  However, t h e  o v e r a l l  com- 

p o s i t i o n s  o f  t he  gneisses a r e  s i m i l a r  t o  bas i c  . t o  i n te rmed ia te  v o l c a n i c s  

and vo lcanogenic  sediments, i n  marked c o n t r a s t  t o  t he  mature s i l i c i c l a s t i c  

metasediments n o r t h  o f  t he  shear zone. A v a i l a b l e  geo log i c  and geochrono- 

l o g i c  da ta  pe rm i t  t h e  i n t e r p r e t a t i o n  t h a t  paragneisses sou th  o f  t h e  shear 

zone a r e  i s l a n d  a rc -de r i ved  sediments and v o l c a n i c s  t h a t  were complex ly  

i n t r uded  by synorogenic  p l u t o n i c  rocks,  s t r o n g l y  deformed, and metamor- 

phosed t o  amph ibo l i t e  grade, d u r i n g  a c o n t i n e n t - i s l a n d  a r c  c o l l i s i o n  about  

1700 m.y. ago  ills and Houston, 1979). The age o f  gneisses sou th  o f  

t h e  shear zone i s  reasonably  w e l l  cons t ra i ned  by geochrono log ic  da ta :  

gneisses a r e  known t o  be o l d e r  than t h e  1700-1800 m.y. i n t r u s i v e s  which 

c u t  them ( ~ i  11 s and o the rs ,  1968) and a r e  be1 ieved t o  be younger than 

about 1900 m.y. because no da te  o l d e r  than t h i s  has emerged f r om ex ten-  

s i v e  geochronolog ic  s t u d i e s  o f  ~ r e c a m b r i a n  rocks  i n  Colorddo, Ar izona,  

New Mexico, and southern C a l i f o r n i a  (Peterman and o the rs ,  1968; Barker 

and o t h e r s ,  1976; S i l v e r  and o t h e r s ,  1977; White,  1978; Condie and Bud- 

d i ng ,  1979). A d e t a i l e d  d i s c u s s i o n  o f  t h i s  southern t e r r a n e  i s  o u t s i d e  

t h e  scope o f  t h i s  s tudy  b u t  i t  i s  b r i e f l y  d iscussed l a t e r ,  i n  t h e  s e c t i o n  

on t he  t e c t o n i c  h i s t o r y  o f  the  Medic ine Bow Mountains.  



STRAT l GRAPHY AND SED IMENTARY FEATURES OF METASED IMENTARY ROCKS 

As i n  most complex g e o l o g i c  t e r ranes ,  s t r a t i g r a p h i c  nomenclature f o r  

metasedimentary rocks  i n  t h e  Medic ine Bow Mountains has been mod i f ied  many 

t imes  over  t h e  years  i n  response t o  more d e t a i l e d  mapping s tud ies .  Table .. 

2.1 compares nomenclatures used by p rev ious  workers  t o  nomenclature used 

i n  t h i s  paper .  Use o f  the term "metamorphic s u i t e "  f o l l o w s  amendments t o  

t h e  American code o f  s t r a t i g r a p h i c  nomenclature presented by Henderson 

aiid o t h e r s  (1980) . In  r h l s  sec t i u r l  we preserlL r~ew fur111a1 Ilallles T.ur 1 i LII- 

o s t r a t i g r a p h i c  u n i t s  w i t h i n  t h e  Phantom Lake Metamorphic S u i t e .  These 

u n i t s  a r e  o f  f o r m a t i o n a l  s t a t u s  b u t  c o n t a c t  r e l a t i o n s h i p s  a r e  o f t e n  en ig -  

m a t i c  and no t ype  sec t i ons  a r e  d e f i n e d  (see Henderson and o t h e r s ,  1980). 

The f o l l o w i n g  s e c t i o n  desc r i bes  each s t r a t i g r a p h i c  u n i t  i n  t h e  n o r t h e r n  

Med ic ine  Bow Mounta ins f rom o l d e s t  t o  youngest,  emphasizing l i t h o f a c i e s  

d i s t r i b u t i o n s  and sedimentary s t r u c t u r e s .  F i gu re  2.2 summarizes our  

s t r a t i g r a p h y .  

ARCHEAN "BASEMENT" ROCKS 

Q u a r t z o - f e l d s p a t h i c  gneisses 

The o l d e s t  rocks  i n  t he  Med ic ine  Bow Mounta'ins a r e  b e l i e v e d  t o  be a 

heteroqeneous assemblaqe o f  q u a r t z o - f e l d s p a t h i c  gneisses,  hornblende 

gneisses,  b i o t i t e  gneisses, and q u a r t z i t e s  which c r o p  o u t  i n  t he  western 

p a r t  o f  t h e  mountains ( l abe led  Agr i n  F i g u r e  2.1).  L l e h o l o g l c  d e s c r l p -  

t i o n s  o f  these  rocks  a r e  i n  Houston and o t h e r s  (1968). Th is  g n e i s s i c  

t e r r a n e  has n o t  been s tud ied  i n  d e t a i l  and i t s  h i s t o r y  i s  s t i l l  p o o r l y  

understood.  Q u a r t z o - f e l d s p a t h i c  gneisses have y i e l d e d  a Rb-Sr whole rock  

age o f  2500 - + 50 ( ~ i  11s and o t h e r s ,  1968) b u t  t h i s  may da te  t h e  t ime  o f  

metamorphism o f  t h e  gneisses  ills and Houston, 1979). However, by 
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analogy t o  s i m i l a r  g n e i s s i c  t e r ranes  i n ' t h e  s i e r r a  Madre t o  t h e  west ( D i -  

v i s ,  1976; 1977), t he  G r a n i t e  Mountains t o  t h e  . no r t h  (peterman and H ' i l -  

d re th ,  1978), and t h e  Laramie Mountains t o  t he  eas t  ( ~ i  l l s  and Armstrong, 

1973; Johnson and H i l l s ,  1976); we b e l i e v e  t h a t  t h e  gneisses i n  t h e  Medi- 

c i n e  Bow Mountains may reco rd  a complex h i s t o r y  i n v o l v i n g  d e p o s i t i o n  o f  

maf i c  t o  i n te rmed ia te  v o l c a n i c  and v o l c a n i c l a s t  i.c p r o t o l  i ths ,  perhaps as 

e a r l y  as 2950 m.y. ago; metamorphism o f  t he  p r o t o l i t h s  accompanying i n t r u -  

s i o n  o f  t o n a l i t i c  magmas around 2700 m.y. ago;.and metamorphism and ana- 

t e x i s  o f  gneisses around 2500 m.y. ago. The impor tan t  p o i n t  t o  t h i s  sec- 

t i o n  i s  t h a t  we cons ider  a t  l e a s t  p a r t  o f  t h e  g n e i s s i c  t e r r a n e  t o  have 

been basement which supp l i ed  d e t r i t u s  d u r i n g  depos . i t i on  o f  La te  Archean 

and E a r l y  P r o t e r o z o i c  sediments. 

Stage Cross ing  Gneiss 

I n  t he  n o r t h e r n  Medic ine Bow Mountains i s  a  success ion o f  hornblende 

and b i o t i t e  gneisses, here named the  Stage Cross ing  ~ n e i s s  a f t e r  t h e  Over- 

land T r a i l  s tage c r o s s i n g  o f  Rock Creek, near  A r l i n g t o n .  Th is  u n i t  i s  i n -  

t e r p r e t e d  t o  be Archean because i t  i s  cros 'scut  by g r a n i t e  which i s  s i m i l a r  

t o  t he  2400-2500 m.y. o l d  Baggot Rocks g r a n i t e  o f  t he  western Medic ine Bow 

Mountains (Hi 11s and o the rs ,  1968; H i  11s and Houston, 1979). The ~ t a ' ~ e  

Cross ing Gneiss i s  i n  c l o s e  p r o x i m i t y  t o  metasedimentary rocks o f  t he  

Phantom Lake Metamorphic S u i t e  nea.r Rock Creek ( P l a t e  1) b u t  c o n t a c t  r e -  

l a t i o n s h i p s  a r e  n o t  w e l l  exposed. As shown i n  P l a t e  1, we i n t e r p r e t  t h e  

,con tac t  t o  be a f a u l t  c o n t a c t  because o f  t h e  abrup t  change f rom Phantom 

Lake q u a r t z i t e s  t o  hornblende gneiss across t h e  n o r t h  f o r k  o f  'Onemile Creek 

(NE1/4, Sec. 1, T.18 N., R.79 W. and NW1/4, Sec. 6, T.18 N.,  R.78 w.) .  

,However, t h e r e  a r e  hornblende s c h i s t s  i n  t h e  lower Phantom Lake S u i t e  



which a re  s i m i l a r  t o  hornblende gneisses i n  t he  Stage Crossing Gneiss, 

and we cannot r u l e  o u t  the p o s s i b i l i t y  t h a t  t he  two u n i t s  may be i n  p a r t  

g rada t i ona l .  We b e l i e v e  the Stage Crossing Gneiss t o  be o l d e r  than the  

Phantom l a k e  Suite because i t  i s  i n  a s t r u c t u r a l l y  lower p o s i t i o n  i n  the 

c o r e  o f  French Joes a n t i c 1  i n o r i  um (Plates 1,  3 ) ,  bu t  we do not  know how 

much o lde r .  The Stage Crossing Gneiss might  be much o l d e r  and a remnant 

o f  a once more ex tens i ve  greenstone terrane,  o r  i t  may represent  volcan- C 
is111 atid s tJ  imante t ion  i n  t hc  car1 i a s t  stages o f  Phantom Lake S u i t e  d ~ p n -  

sition. 

Petrographic and geochemical da ta  from the  Stage Crossing Gneiss 

a r e  summarized i n  Table 2.2. Hornblende gneisses which comprise about 

80% o f  t he  u n i t ,  a r e  dominated by hornblende needles w i t h  i n t e r s t i t i a l  

qua r t z ,  p l a g i o c l a s e  (An -An ) , and ep ido te  (+ sphene, c h l o r i t e ,  mag- 
53 60 - 

n e t  i te ,  and r u t  i l e )  . Garnet forms l a r g e  porphyrob las ts  i n  some samples. 

B i o t i t e  gneisses a r e  dominated by p lag ioc lase ,  quar tz ,  b i o t i t e ,  and mus- 

cov i  t e  (+ - kyan l re ,  c h l o r  1 te ,  o r t t ~ u c l a s e ,  dpat  i t e  and niagnet i t e )  . Some 

o f  t h e  Stage Crossing Gneiss i s  d e f i n i t e l y  metasedimentary: the  b i o t i t e  

gneisses l o c a l l y  appear t o  be medium-bedded and may be metagraywackes 

( t u r b i d  i tes )  ; and we have found d i scont 1 nuous outcrops o f  p a r a c u ~ ~ y  1ol11- 

e r a t e ,  q u a r t z i t e ,  and garnet  s c h i s t .  However, the  b u l k  o f  the u n i t  i s  

hornblende gneiss o f  unknown o r i g i n .  The pe t ro logy  i s  compat ib le w i t h  

vo l can i c  ( b a s a l t ) ,  p l u t o n i c  (gabbro), and sedimentary o r  v o l c a n i c l a s t i c  

(graywacke o r  t u f f )  p r o t o l  i t h s  and a1 1 o f  these rock  types may be pre-  

sent  i n  t h e  u n i t  as mapped i n  P l a t e  1 .  The maximum map th ickness o f  

t h e  gneiss i s  about 1200 m. S t r a t i g r a p h i c  th ickness i s  unknown but  pro-  • 
bably  much less  than t h i s  due t o  r e p e t i t i o n  by f o l d i n g .  



TABLE 2.2. PETROGRAPHIC DATA FROM THE STAGE CROSSING GN-EISS; DATA PARTLY ~OINTCOUNTS 
FROM KING (1963); OTHER DATA FROM VISUAL ESTIMATES. 

Hornblende gneisses 

Sample No. Amph. . 

MEAN 66.3 

Qtz. Plag. Epid. Sphne. O P O ~ .  Garnt. 

Biotite gneisses 

Sample No. Plag. Qtz. Biot. Musc. ' K-spar Chlor. Kyan. Apat. 

PHANTOM LAKE METAMORPHIC SUITE 

The Phantom Lake Metamorphic S u i t e  was d e f i n e d  by K a r l s t r o m  and 

Houston (1979a, 1979b) as t he  sequence o f  metasedimentary and metavo lcan ic  

rocks  which under1 i e s  t h e  Deep Lake Group. I n  those papers we had a  poor  

understanding o f  t h e  s t r u c t u r e  and s t r a t i g r a p h y  w i t h i n  t h e  sequence (hence 

t h e  name metamorphic s u i t e )  and d i v i d e d  i t  i n t o  a lower p a r t . w h i c h  was 

dominan t l y  vo lcanogenic  and an upper p a r t  which was dominan t l y  q u a r t z i t e .  . '  

More d e t a i l e d  work has shown . t h i s  s i m p l i f i e d  d i v i s i o n  t o  be unusable. 

I n . t h i s  paper, we d e f i n e  f i v e  l i t h o s t r a t i g r a p h i c  (and i n  p a r t  tec tono-  

. s t r a t i g r a p h i c )  un'i t s  w i t h i n  t h e  Phantom Lake Metamorphic S u i t e  (Table 2.1) .  

T h i s  s t r a t i g r a p h y ,  combined wi ' th  t o p  and bot tom c r i t e r i a  and geomet r i ca l  

anal .ys is  o f  fo1ding;leads t o  a  s t r u c t u r a l  i n t e r p r e t a t i o n  i n v o l v i n g  



l a rge -sca le  over tu rned a n t i c l i n o r i a  and s y n c l i n o r i a  (p la tes -  1 a n d - 3 ) .  
. . 

We r e t a i n  t h e  name metamorphic s u i t e  because of.numerous u n c e r t a i n t i e s  

i n  ou r  s t r a t i g r a p h i c  and s t r u c t u r a l  i n t e r p r e t a t i o n s  and the  r e a l i z a t i o n  

t h a t ,  because o f  isoc l . ina1 f o l d i n g ,  amphibol ' i te- fac ies metamorphism, and 

r a p i d  f a c i e s  changes w i t h i n  t h i s  sequence, f u tu re  d e t a i l e d  work may 

necess i ta te  m o d i f i c a t i o n  o f  our  s t r a t i g r a p h y .  The, major f ea tu res  o f  each 

u n i t  a re  summarized below. 

U n i t  1 :  Stud Creek V o l c a n i c l a s t i c  Rocks 

The o l d e s t  u n i t  o f  the Phantom Lake Metamorphic Su i te ,  here named 

t h e  Stud Creek V o l c a n i c l a s t i c  Rocks, crops ou t  i n  two l o c a l i t i e s  i n  the  

. c o r e  o f  a  la rge ,  over turned,  doubly-p lunging a n t i c l i n o r i u m  (French Joes 

a n t i c l i n o r i u m  o f  P l a t e  3 ) .  The no r the rn  su tc rop  area, centered near Rock 

Mountain ( ~ e c .  1 ,  T. 18 N., R .  79 W.) i s '  i n  the  south-plunging p a r t  o f  

t h e  s t r u c t u r e ;  t he  southern ou tc rop  area, centered near Stud Creek ( ~ e c .  

I S ,  T. 18 N. ,  R. 79 W.), i s  i n  t he  n o r t h  p lung ing  and badly f a u l t e d  p a r t  

nf the fnltl (P la te  1).  Both ou tc rop  areas are  charac ter ized by .a het-. 

erogeneous assemblage o f  rnetavolcanic and metasedimentary rocks. 

Petrographic data a r e  summarized i n  Table 2 .3  and geochemical analy-  

s i s  o f  one metabasalt  i s  g iven i n  Table 2.7. I n  a  general way, the  wide 

v a r i e t y  o f  l i t h o l o g i e s  can be lumped i n t o  f o u r  groups: P e l i t i c  s c h i s t s  

(SO%), amphi ba l  it. i c  s c h i s t s  (3021, q u a r t z i  t c s  and conglomerates (2031, 

and'calcareous rocks ( l o c a l ) .  P e l i t i c  rocks (Table 2.3)  a re  predomi- 

n a n t l y  b i o t i t e -  and muscov i te - r i ch  quar tz  s c h i s t s  bu t  t he re  a re  a l s o  
8 

schis ' ts  c o n t a i n i n g  garnet ,  s t a u r o l i t e ,  c h l o r i t o i d ,  o r  kyan i te .  P e l i t i c  

r'ocks were probably t u f f s  and graywackes. Amph ibo l i t i c  rocks inc lude 



plagioclase-rich varieties which were probably basal ts and quartz-rich 

varieties, including garnet amphibole quartz schist, which were probab- 

ly mafic tuffs. One sample ( 

a tholei itic basalt (Figure 2 

micaceous quartzites, fuchsit 

Table 2.7) has the chemical composition of 

6 ) .  Quartzites include fine-grained 

ic quartzites, granule conglomerates, and 

quartz-rich schistose paraconglomerates. Both types of conglomerates 

are slightly radioactive in the southern outcrop area (twice background 

gamma radi at ion and up to 21 ppm U ; 29 ppm ~ h )  . Calcareous rocks range 

from impure marble to calcareous pelitic schist and are also radioactive 

in one isolated area (170 ppm U, 16 ppm Th in one locality near Rock 

Moun ta i n) . 

TABLE 2.3. PETROGRAPHY OF THE STUD CREEK VOLCANICLASTIC ROCKS; DATA FROM THE NORTHERN 
AREA PARTLY POINTCOUNTS FROM KING (1963); OTHER DATA FROM VISUAL ESTIMATES. 

Sample No. Qtz. Plag. Amp. 

Northern Area 
K325 26.9. - 
K526 37.4 - - 
K78-14 80.1 - ' - 

K78-87 46 - - 
K7888 27.6 51 - 
K537 68.8 - - 

Southern Area 
K80-8 45 12 " - 
K80-10 55 - - 
K80-11 87 - - 
K78-5 47 50 T 

.K78-6 48 - - 
K78-7 44 - - 

Epid. 

Northern Area 
v, K156 5 1.8 87.9 .2 

K157 19.7 13.9 65.8 1 
I K78-15 30 - 46 - 
2 
W .  
_r Southern Area 

60-46 44 - 29 23 
i 60-49 5 41 46 1 

K700 15 - 54 30 
Q K80-9 34 - 60 1 

Biot. Musc. Calc. Chl. Opaq. Staur. Garnt. Hem. Chltd. 



Sedimentary f e a t u r e s  a r e  p o o r l y  preserved i n  t h e  q u a r t z i t e s ,  con- 

g lomerates and ca lcareous  rocks;  bedding i s  sometimes recogn i zab le  and 

r a r e  crossbeds were seen. Rocks o f  t h e  Stud Creek V o l c a n i c l a s t i c  Rocks 

p robab l y  r ep resen t  d e p o s i t i o n a l  environments rang lng  f rom f l u v i a l  (as 

suggested b y  r a d i o a c t i v e  conglomerates) t o  shal  low mar ine (carbonates)  

b u t  t h e  l a r g e  v a r i a b i l i t y  o f  rock  types,  r a p i d  f a c i e s  changes, t h e  ab- 

sence o f  t h i c k  and cont inuous l a y c r e d  graywackes and t he  absence o f  

p i l l o w  b a s a l t s  suggests t o  us t h a t  subae r i a l  d e p o s i t i o n  and vo lcan ism 

may have predominated. 

S t r a t i g r a p h i c  r e l a t i o n s h i p s  between f a c i e s  w i t h i n  t h e  Stud Creek 

V o l c a n i c l a s t i c  Rocks and t h e  o v e r a l l  t h i ckness  o f  t h e  u n i t  a r e  d i f f i c u l t  

t o  i n t e r p r e t  because o f  i s o c l i n a l  f o l d s  on every  sca le ,  t h e  i n f e r r e d  

presence o f  l a r g e  s t r i k e  f a u l t s  i n  t h e  southern ou t c rop  area,  and t he  

. s t r o n g  superposed F f o l d s  i n  t h e  n o r t h e r n  ou t c rop  area ( p l a t e  1 ) .  S i m -  
3 

i l a r l y ,  s t r a t i g r a p h i c  r e l a t i o n s h i p s  w i t h  t h e  u n d e r l y i n g  Stage Cross ing 

Gneiss and o v e r l y i n g  Rock Mountain Conglomerate a r e  compl icated and,may 

be i n  p a r t  g r a d a t i o n a l .  Never the less,  we es t ima te  f rom P l a t e  1 a maxi- 

mum exposed s t  r a t  i q r a p h i c  t h i ckness  rang ing  f r o n ~  330 m (no r t he rn  a rea)  

t o  500 m (sou thern  a r e a ) .  

U n i t  2: Roelc Mounta in  Conglomerate 

The Rock Mounta in  Conglomerate crops o u t  on Rock Mountain and near 

t h e  extreme nor thwes te rn  l i m i t  o f  Precambrian ou t c rop  ( ~ e c s .  27, 33,  

T. 19 N., R ,  79 W . ) .  The u n i t  i s  absent i n  the  Stud Creek area a s  a 

con t inuous  s t r a t i g r a p h i c  u n i t  a l t hough  l i t h o l o g i c a l l y  s i m i l a r  conglom- 

e r a t e s  occur  as lenses w i t h i n  t h e  Stud Creek V o l c a n i c l a s t i c  Rocks 



( ~ l a t e  1 ) . The conglomerates a r e  l o c a l  l y  anomalously r a d i o a c t i v e  i n  

ou t c rop  (up t o  20000 counts  per  m inu te  o r  5 t imes  l o c a l  background and 

va lues  up t o  270 ppm U, 95 ppm Th) and were sampled e x t e n s i v e l y  and 

d r i l l e d  t w i c e  near Rock Mountain t o  t e s t  t h e i r  f a v o r a b i l i t y  as -a u r a n i -  

um t a r g e t .  The r e s u l t s ,  d iscussed i n  d e t a i l  i n  Kar ls t rorn and Houston 

(1981),  i n d i c a t e  t h a t  t he  u n i t  con ta ins  t h i n ,  l e n t i c u l a r  r a d i o a c t i v e  

conglomerates bu t  i s  no t  g e n e r a l l y  a f a v o r a b l e  t a r g e t  f o r  uranium min- 

e r a l  i z a t i o n .  

Pe t rograph ic  da ta  f o r  t he  Rock Mountain Conglomerate a r e  summarized 

i n  Table 2.4 and shown g r a p h i c a l l y  i n  F i g u r e  2.3. The u n i t  i s  predom- 

i n a n t l y  g ranu la r  t o  pebbly  m u s c o v i t i c  q u a r t z i t e  w i t h  paraconglomerate 

beds rang ing  f rom l e s s  than a meter t o  severa l  hundred meters t h i c k .  

Paraconglomerates c o n t a i n  s t r e t c h e d  c l a s t s  o f  q u a r t z ,  q u a r t z i t e ,  amphi- 

b o l i t e  and s c h i s t  i n  a s t r o n g l y  f o l i a t e d  quar tz -muscov i te  ( l o c a l l y  a r -  

k o s i c )  m a t r i x .  P a r t i c u l a r l y  s t r i k i n g  a r e  b r i g h t  green f u c h s i  t i c  s c h i s t  

c l a s t s .  The paraconglomerate i s  l o c a l l y  g a r n e t i f e r o u s .  Con.tact r e l a -  

t i o n s h i p s  w i t h  t he  u n d e r l y i n g  Stud Creek V o l c a n i c l a s t i c  Rocks a r e  no t  

exposed bu t  t h e  conglomerates and q u a r t z i t e s  i n  t he  Stud Creek Vo1cani.- 

c l a s t i c  Rocks a r e  s i m i l a r  enough t o  t h e  Rock Mountain Conglomerate t o  

suggest a g r a d a t i o n a l  ( o r  complex ly  i n f o l d e d )  r e l a t i o n s h i p . .  I n  t h e  ex- 

treme nor thwes te rn  area o f  P l a t e  1 , . t h e  Rock Mountain Conglomerate ap- 

pears t o  be i n t r uded  by t o n a l i t i c  rocks o f  p robab le  Archean age and t o  

be conformably  o v e r l a i n  by t he  Bow R i ve r  Q u a r t z i t e .  The maximum s t r a t i -  

g raph i c  t h i ckness  o f  t he  Rock Mountain Conglomerate i s  about 400 meters 

i n  bo th  ou t c rop  areas.  



TABLE 2.4. PETROGRAPHY OF THE ROCK MOUNTAIN CONGLOMERATE; MODES FROM VISUAL ESTIMATES. 

Sample No. Qtz. Musc. Kspar. Plag. 

ROCK MOUNTAIN AREA (EASTERN OUTCROP AREA) 

K240 56.6 21.8 1 25.1 
MB15-498 72 25 - - 
MB15-600 65 32 2 - 

. MB15-750 52 28 - 18 
MB15-775 68 30 - 2 
ME15825 UB 20 - 11 
K78-Y 1 83 '1 0 - - 
K78-92 47 46 - - 
K78-93 47 48 - 3 
MB10-430 63 27 - 9 
MB10-455 58 39 - - 

Garnt. . Zirc. 

- 
- 
- 
- 
- - 
T 
T 
- 
- 
T 

Biot. Chlor. 

MEAN 60.9 29.7 T 6.2 1.3 .6 T .3 1.2 

FOOTE CREEK AREA (WESTERN OUTCROP AREA) 

MEAN 50.2 18.4 8.8 16.4 
(without 
SR78-18) 

GRAND 
MEAN 

- - - - 
2 - - - 
- - T T 
- - 22 T 

plus 60% Amph. 

The Rock Mountain Conglomerate was penetrated i n  two d r i l l  ho les:  

HB-'10 and ME-15, both near Rock Mountain. I n  ME-10 pebbly c h l o r i t e  

s c h i s t  and poo r l y  sor ted  s e r i c i t i c  q u a r t z i t e  o f  the uppermost Rock 

Mountain Conglomerate appear t o  be gradat iona l  w i t h  q u a r t z i t e s  and t h i n  

conglomerates o f  the o v e r l y i n g  Bow River  Q u a r t z i t e .  ME-15 penetrated 

118 m o f  a coarsening upwards succession ranging from poor ly .  sor ted  

q u a r t z i t e  a t  the  base t o  paraconglomerate i n  t he  upper h a l f .  I n  



. g e n e r a l ,  t h e  Rock Mountain Conglomerate'appears t o  coarsen t o  t h e  eas t  

and upwards. 

Q 
Figure 2.3. Quartz -feldspar-mica 

ternary diagrams for sand 
and granule size fractions 
of siliciclastic rocks of the 
Phantom Lake Suite; modes 
from visual estimates. 

Kspar >2/3 total feldspar 

x plag. >2/3 total feldspar 
I l l 1 1 1 1 1 1  

F M + plag. = I/3 - 2/3 total feldspar 
ROCK MOUNTAIN CONGL. 



The lack  o f  sedimentary s t r u c t u r e s ' i n  the  Rock Mountain Conglonl- 

e r a t e ,  p o o r l y  exposed contac t  r e l a t i o n s h i p s ,  and complex s t r u c t u r e  

makes i n t e r p r e t i n g  the  depos i t i ona l  environment d i f f i c u l t .  However, we 

i n t e r p r e t  t h e  u n i t  t o  be a  prograding a1 l u v i a l  f an  depos i t  ( ~ u s t ,  1979) 

'on t h e  bas i s  o f  poor s o r t i n g ,  coarse g r a i n  s izes ,  coarsening upwards 

successions, the  presence o f  anomalously h igh  r a d i o a c t i v i t y  which may 

r e f l e c t  f o s s i l  p lace r  accum'ulation of uranium- and thor ium-bear ing 

heavy minera ls ,  and t h ~  l i m i t e d  l a t e r a l  extent  o f  the  u n i t .  The source 

was apparen t l y  a  nearby, probably fault-bounded, t e r rane  con ta in ing  

& i n l y  o l d e r  metasedimentary and metavolcanic rocks such as a re  found 

i n  both t h e  Stud Creek Metavolcanic Rocks and the  Stage Crossing Gneiss. 

U n i t  3 :  Bow R ive r  Q u a r t z i t e  

The Bow River  Q u a r t z i t e  i s  a  key u n i t  i n  dec ipher ing  the  s t r a t i g -  

raphy and s t r u c t u r e  o f  the Phantom Lake Su i te  because i t  conta ins  abun- 

dant p lanar  crossbeds and some o s c i l l a t i o n  r i p p l e  marks which i n d i c a t e  

the  d i r e c t i o n  o f  s t r a t i g r a p h i c  top. The u n i t  i s  w e l l  exposed through- 

ou t  t he  no r the rn  Medicine Bow Mountains where i t  def ines  the l imbs o f  

French Joes A n t i c l i n o r i u m  (P la tes  1 and 3 ) .  I t  a l s o  crops ou t  above 

the  Rock Mountain conglomerate i n  t he  extreme nor thwestern p a r t  o f  P l a t e  

1. 

Pct r o g r ~ p h  i c  d a L a  T ~ V I I I  L l w  Bow R i  vcl- Quartz i t e  a re. r,~~mmer i zcd i n  

Table 2.5 and F igure  2.3.  The u n i t  conta ins  q u a r t z i t e s  (95%), conglom- 

e ra tes  ( l o c a l ) ,  b i o t i t e  and hornblende s c h i s t s  and p h y l l i t e s  ( l o c a l )  

and q u a r t z - r i c h  carbonates ( l o c a l ) .  The q u a r t z i t e s  a re  main ly  very 

f i n e -  t o  f i ne -g ra ined . (ave rage  g r a i n  s i z e  = . 1  t o  .2 mm), f o l i a t e d ,  



muscov i t i c  arkoses and subarkoses. Some con ta in  appreciable b i o t i t e  

and amphibole; and many con ta in  z i r c o n  and opaque minera ls  (probably 

p y r i t e  a l t e r e d  t o  hemat i te) .  The u n i t  ranges from 200 t o  580 m t h i c k  

w i t h  an average th ickness o f  about 350 m. The lower contac t ,  w i t h  the 

Rock Mountain Conglomerate, i s  no t  exposed i n  the  Rock Mountain area 

but  appears t o  be gradat iona l  i n  d r i l l  ho le  MB-10. I n  con t ras t ,  the  

contac t  between the  Rock Mountain Conglomerate and f i ne -g ra ined  Bow 

River  q u a r t z i t e s  i n  the  extreme nor thwestern area o f  P l a t e  1 i s  sharp 

and conformable. 

TABLE 2.5. PETROGRAPHY OF THE BOW RIVER QUARTZITE; AREAS REFERENCED TO PALEOCURRENT 
ROSE DIAGRAMS I N  PLATE 2; MODAL PERCENTAGES FROM VISUAL ESTIMATES. 

Sample No. Qtz. Kspar. Plag. Musc. Biot. Chlor. Amph. Opaq. Zirc. Garnt. Calc. 

ROCK CREEK AREA (northern diagram); mean grain size = .2 m m  

MEAN 49.8 21.4 11.8 3.6 4.9 1.6 6.7 

CARLSON CREEK AREA; mean grain size = .15 mm 

MEAN 70 17 - 13 - - - 

ARRASTRE CREEK AREA(southern diagram); mean grain size = .13 m m  

MEAN 87 - - 9.8 - 1 - 

GRAND 
MEAN 64 13.8 6.6 6.7 2.7 ,9 3.7 



The most p reva len t '  sedimentary s t r u c t u r e s  . i n  the u n i t  a r e  medium- 

t o  la rge-sca le  p lanar  crossbeds (amp1 i tude about .5-1 :m; mean i n'cl ina-  

t i o n  2 3 " ) .  . When combined f o r  the  e n t i r e  u n i t ,  these crossbeds y i e l d  a  

bimodal p a l e o c ~ r r e n t  distribution w i t h  a  prominent mode d i r e c t e d ' s o u t h -  

west and a  secondary mode d i r e c t e d  nor theas t  (P la te  2 ) .  However, i n d i  - 

v i d u a l  ou tc rop  areas show d i s t r i b u t i o n s  which a re  somewhat sca t te red  

b u t  a re  dominated by one mode o r  the o the r .  Several o s c i l l a t i o n  r i p p l e  

marks i n  the  u n i t  (P la te  2)  con f i rm  a  bimodal cu r ren t  p a t t e r n  bu t  record 

east-west d i r e c t e d  cu r ren ts .  M u l t i p l e  r i p p l e  se ts  i n  one outc rop  show 

east-west and nor th -south  d i r e c t e d  c u r r e n t  o s c i l l a t i o n s .  

We i n t e r p r e t  most o f  the  Bow River  Q u a r t z i t e s  t o  be shal low marine 

sediments. The g e n e r a l l y  f i n e  g r a i n  s izes  suggest low-energy deposi-  

t i o n ;  l a rge -sca le  p lana r  crossbeds may be sand waves; and the bimodal 

pa leocur ren t  d i s t r i b u t i o n  probably represents ebb and f l o o d  t i des .  

Th is  i s  compat ib le w i t h  i n t e r p r e t a t i o n s  o f  a  t i d a l l y - i n f l u e n c e d  d e l t a i c  

d e p o s i t i o n a l  environment f o r  the  u n i t .  We env i s ion  a  r i v e r - f e d  ernbay- 

ment o r  e s t u a r i n e  s i t u a t i o n  f o r  depos i t i on  o f  the Bow River  Q u a r t z i t e  

w i t h  e a r l y ,  f l u v i a l  depos i t i on  o f  tlie Ruck MuurlLairi Conglomerate i n  the 

nor theas tern  area, c lose  t o  a  t e c t o n i c a l l y  a c t i v e  highlands, g i v i n g  way 

t o  marine d e p o s i t i o n  t o  the  south and h igher  i n  t he  sec t ion .  The 

source area was c o n t r i  but  i ng main ly  sedimentary and vnlc.an ic. de t  r i  tus  

d u r i n g  d e p o s i t i o n  o f  the  Rock Mountain Conglomerate bu t  apprec iab le  K- 

f e ldspa r  i n  t h e  Bow River  Q u a r t z i t e s  suggests t h a t  g r a n i t i c  rocks a l s o  

c o n t r i b u t e d  d e t r i t u s  du r ing  Bow River  Q u a r t z i t e  depos i t ion .  Thus, the  

source area was probably composed o f  Archean g r a n i t i c  gneisses and 

o l d e r  rnetasedimentary and metavolcanic rocks. 



Uni t  4: Colberg Metavolcanic Rocks 

The Colberg Metavolcanic Rocks include a heterogeneous assemblage 

o f  metavolcanic rocks inc lud ing : amygdaloidal metabasal t s  (Figure 2.4A), 

a few poor ly preserved p i l l o w  basalts, vo l can i c l as t i c  sch is ts  (Figure 

2 . 4 ~ ) ,  fragmental metavolcanic rocks ranging i n  camposition from rhyo- 

l i t i c  t o  basa l t i c ,  paraconglomerates and t h i n  quar tz i tes .  The u n i t  

crops out  i n  large areas o f  the northern Medicine Bow Mountains and i n  

the core o f  the Arrast re  A n t i c l i n e  i n  the cen t ra l  Medicine Bow Mountains 

(p la te  1 ) .  The most d i s t i n c t i v e  u n i t  w i t h i n  the Colberg Metavolcanic 

Rocks i s  the paraconglomerate (Figure 2.5 ) ,  which i s  composed o f  vary- 

ing  proport ions o f  rounded g ran i t e  boulders (up t o  about 50 cm i n  diam- 

e te r ) ,  qua r t z i t e  boulders, and stretched maf i c  volcanic rock c l as t s  i n  

an amphibole, b i o t i t e ,  quartz matr ix.  The paraconglomerate u n i t  ranges 

i n  s t r a t i g r a h i c  thickness up t o  about 400 m, w i t h i n  which the conglom- 

erates themselves are complexly interbedded w i t h  vo lcan ic  rocks and 

quar tz i tes .  The e n t l r e  Colberg Metavolcanic u n i t  ranges from about 

100 m t h i c k  i n  the northwest pa r t  o f  P la te  1, t o  a map thickness of 

2500 m i n  the north-central  Medicine Bow Mountains, 

Petrographic data from the Colberg Metavolcanic Rocks are shown i n  

Table 2.6. Fine-grained amphi bol i tes, which were mapped as metabasal t 

because of t h e i r  massive character and loca l  presence o f  amygdules, 

show a wide compositional range including:  plagioclase-amphibole rocks 

which were probably basa l t i c  f lows (e.g. the Arrast re  Lake area); 

quar tz- r ich amphibolites which probably represent reworked maf ic t o  

andesi t i c  t u f f s  (e.g. the northern area) ; and amphi bole- and b i o t i t e -  

r i c h  quar tz i tes  which were probably metagraywackes (e.g. west o f  Rock 



Fi  gure 2.4. Photographs o f  the Col berg Metavol can1 c Rocks: amygdules 
o f  quartz, wi th minor epidote and c l inozoisi te ,  i n  metabasalt, S1/2, 
Sec. 10, ~ . l 8  N . ,  R.79 W . ;  0. amphibole schist from Rock Creek T r a i l ,  
about 1000 m upstream from czf luence  of  Rock Creek and Deep Creek. 



Figure 2.5. Photographs of para- 
I conglomerates from the Colberg - Metavol can i c Rocks : A. gran i t e  

boulder paraconglomerate from 
Sec. 25, ~ . 1 8 ~ ; ,  R.79W.; note 
t ha t  g ran i te  boulders are re l a -  
t i v e l y  undeformed and maf i c  
sch is t  c las ts  are s t rong ly  1 s t r e t c h e d p a r a l l e l t o f o l i a t i o n ;  8 .  pa racong 1 ome ra  t e  f rofn Sec. x, T.18 N . ,  R.79 V. dominated 
by b a s a l t i c  c las ts .  



Creek). Bdth basaltirc rocks and quartz-rich amphibolites locally con- 

tain amygdules filled with quartz, epidote, clinozoisite, or calcite 

(Figure 2 . 4 ~ ) .  , Paraconglomerate and schi stose un i ts frequently contain 

garnet. Plsgloclase anorthite determinations made by King (1963) in 

the northern area range from 49 to 58 (mean of 7 samples was 54) .  

TABLE 2.6. PETROGRAPHY OF THE COLBERG METAVOLCANIC ROCKS; DATA FROM NORTHERN AREA 
POINTCOUNTS PROM KING (19631: OTHER DATA FROM VISUAL ESTIMATES. 

- - 

Smpte'No. Amph. Plag. Qtz. Blot. EpW, Opaq. Sphene Garnt. Mug. Zirc. Probable protolith 

Northern Area 
K336 52.5 - 20.1 19.9 7.5 - - - - mafk tuff 

K348 66.8 4 8  26.8 - 1.1 2.7 - - - mafiotuff 
K m  78.2 6.3 12.8 - 1*7 1.2 - - - basalt or tuff 

K406 38.1 7.4 24.5 19.0 9.0 - .7 - - - mafic tuff 

K413 75.8 11.9 5.3 - 4.5 1.6 .9 - - - beaalt 

K4?9 89.0 .5 8.1 - B 1.7 - - - - basalt or tuff 

K8Q-12 - - 46 7 - - - - 47 T graywacke 

Rock C m k  area 
$R7&26A 55 20 20 - 5 T - - - - amygdaloidal basalt 

. SWXI-266 10 - 55 35 T - - - - - graywacke 

SR78-27 - 2 84 - - 3 - - 3 +3% subarkose 

K7880 - - 6 7 5  - -  - - 28 immature sandstone 

Kt883 50 20 25 - 5 - - - - amygdaloidal basalt 

K78-84  - - 6 0 1 0  - 2  3 Zb ammature sandstone - 

Arrastre Lake area * 
TSfiJB - 65 10 35 - T - 5 - amygdaloidal basalt 

TS57C 30 55 10 - - 5 - - +apatite basalt 

rn 3 72 10 7 - 2 - - - amygdaloidal basalt 
TS95 1 8 6 4 - -  5 3 - - +lo% calcite amygdaloidal basalt 
TS151 2 5 6 6 5 3 1  - T +apatite basalt 

mean of 10 samples 
of metaboat fram 6Q 8 1 6 T  T T  9 

Houston and 
others 1968 

mean of 4 samples 
ot mgtatuff (7) fttm T 7 3 5  T t 3  T T 13 - plus 26% chlorite 
Houston and 
others (1968) 



Chemical composit ions o f  metabasalts and metatuf fs  from the  Colberg 

Metavolcanic Rocks and one sample from the Stud. Creek V o l c a n i c l a s t i c  

Rocks a re  shown i n  Table 2.7. Sample 1 ,  from the  Stud Creek Volcani -  

c l a s t i c  Rocks, has a,composi t ion s i m i l a r  t o  t h a t  o f  an "average" b a s a l t  

' (COX and o thers ,  1979), bu t  w i t h  low t o t a l  a l k a l  i content  and the re fo re  

a h igh  normative qua r t z  content .  Samples 2 and 3 a r e  a n d e s i t i c ,  but  

w i t h  more i r o n  and less aluminum than the "average" andes i te  composi t ion 

(Cox and o thers ,  1979). The t u f f s  range i n  composit ion from andesi t i c  

(sample 4) t o  r h y o d a c i t i c  (sample 6) and r h y o l i t i c  (sample 5 ) .  As shown 

i n  F igure  2.6A, an AFM p l o t  o f  the samples shows an i r o n  enrichment 

t rend  c h a r a c t e r i s t i c  o f  t h o l e i i t i c  magmas ( I r v i n e  and Baragar, 1971), 

except t h a t  sample 5 i s  anomalously h igh  i n  sodium and d e f i c i e n t  i n  mag- 

nesium and i ron .  F igure 2.68 shows t h a t  a l l  s i x  samples f a l l  i n  the 

t h o l e i i t i c  f i e l d  i n  a l k a l i - s i l i c a  p l o t s  (MacDonald, 1968). 

The depos i t i ona l  h i s t o r y  o f  t he  Colberg Metavolcanic Rocks i s  no t  

w e l l  know. We i n t e r p r e t  the  u n i t  t o  be p a r t l y  marine based on the  pres- 

ence o f  marine q u a r t z i t e s  d i r e c t l y  above and below the  u n i t .  However, 

we have found very few p i l l o w  basa l ts  and t h i s ,  combined w i t h  the  wide 

v a r i e t y  o f  l i t h o l o g i e s  and r a p i d  f a c i e s  changes i n  the u n i t ,  seem more 

compatible w i t h  subaer ia l  volcanism and v o l c a n i c l a s t i c  depos i t i on .  The 

depos i t i ona l  environment o f  the  paraconglomerate prov ides an i n t e r e s t -  

i ng  and unsolved problem. We env i s ion  depos i t i on  o f  the Colberq para- 

conglomerates t o  have taken p lace i n  a l l u v i a l  o r  poss ib l y  submarine 

channels and fans which developed adjacent  t o  f a u l t  scarps bounding v o l -  

can ic  highlands. I f  so, the Colberg Metavolcanic Rocks may con ta in  com- 

p l e x l y  interbedded subaer ia l  and submarine rocks.  



TABLE 2.7. GEOCHEMISTRY O F  METABASALTS AND METATUFFS FROM THE STUD CREEK AND COLBERG 
METAVOLCANIC ROCKS; ANALYZED BY STEVE BOESE, UNIVERSITY OF WYOMING. 

S i02  

A1203 
CaO 
N a i O  

K20. 
FesO? ' ' 

T i 0 2  
MgO . 
M n o  

p205. . 
Total 

METABASA LTS 

MOLECULAR NORMS* 

METATUFFS 

5. 

72.9 
12.2 

1.64 
6.80 

. 0.10 
2.42 
0,s 

0.45 
0.06 
0.2 1 

1. SR60-25: merabasalt o f  Srud Creek Volcaniclastic Rocks; north side Carlsoli Creek, NWX Sec. 22, T18N, R79W. 

2. SR60-44: andesitic basalt o f  Colberg Metavolcanic Rocks; 1500 feet S15E o f  h i l l  8981, Sec. 3, T18N, R79W. 

3. K78-99: amygdaloidal andesitic basalt o f  Colberg Metavolcanic Rocks; northeast o t  Colberg cabin; 1400 ft. south of 
h i l l  8981, SEX Sec. 3, T18N. R79W. 

4. SR59-3: andesitic basalt tuf f  o f  Colberg Metavolcanic Rocks; northeast of Arrastre Lake, SEX, NWX, Sec. 10, T16N. 
Rqnw, . 

5. SR711-8: Colherg rhyolit ic tuff: east of Colbers cabin: too of h i l l  9317. Sec. 10. T18N, R79W. 

6. SR79-9: Colberg rhyodacitic tuf f ;  same locality as SR79-8. 

* ~ e + ~ / ~ e + ~  approximated at 0.15 (after Cox and others, 1979) 



.-. . . . . . . - 
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Figure 2.6: Weight ,pe[qntd::plots of  etav volcanic rocks from the Stud Creek and Colberg   eta volcanic 
Rocks:A. A = ' ( N ~ ~ o  + &o);' F = w e 0  + Fe203);  M = Mgo. The dashed line separates tholeiitic trends 
(a60ve) from calc-alkalineL';f~ends (!,!vine and ~ara~ar, ' , l971) .  B. Alkalies versus silica. The dashed lilie 
separates alkalic rocks (ati6v.e) frorn tholeiites (MacDonald, 1968). 

U n i t  5: Conical Peak Q u a r t z i t e  

The Concical Peak Q u a r t z i t e  i s  the youngest u n i t  i n  the Phantom 

Lake Sui te.  I t  occupies the core o f  the  Foote Creek Syncl inor ium i n  

the  nor thern  Medicine Bow Mountains and unconformably under l i es  the 

Magnolia Formation o f  the Deep Lake Group i n  the  nor theastern and.cen- 

t r a , ,  p a r t s  o f  P la te  1. L i ke  the under ly ing  Bow River  Q u a r t z i t e ,  cross- 

beds i n  the Conical Peak Q u a r t z i t e  prov ide  key in format ion  f o r  s t r a t i -  

graphic and s t r u c t u r a l  i n t e r p r e t a t i o n s  o f  the Phantom Lake Su i te .  The 

dominant l i t h o l o g y  i s  a whi te,  f o l i a t e d ,  f ine-gra ined micaceous sub- 

arkose. The u n i t  a l s o  conta ins some calcareous q u a r t z i t e  near the  



Nor th  Fork o f  Rock Creek. Metabasalts which c r o p . o u t  above t h e  Conical 

P e a k . Q u a r t z i t e ~  near t h e  North Fork o f  Rock Creek, the  Medicine Bow 

R ive r  area near MB-13 and MB-14,  and i n  d r i l l  ho le  EMB-3 a re  a l s o  con- 

s ide red  p a r t  o f  the  Concical peak' Q u a r t z i t e .  

Pet rograph ic  da ta  f rom the Conical Peak Q u a r t z i t e  a re  summarized 

i n  Table 2.8 and F i g u r e  2.3. The q u a r t z i t e s  a r e  very s i m i l a r  t o  those 

o f  t h e  u n d e r l y i n g  Bow River  Q u a r t z i t e  i n  g r a i n  s i z e  (un i fo rm ly  very 

f i n ~ c - t o  f i ne -g ra ined )  b u t  d i f f e r  sompos i t iona l ly  by having morc p lag io -  

c l a s e  i n  t h e  mode and somewhat l e s s  potassium fe ldspa r  (F igure  2.3). 

TABLE 2.8. PETROGRAPHY OF THE CONICAL PEAK QUARTZITE; AREAS REFERENCED TO PALEOCURRENT 
ROSES IN  PLATE 2; MODAL PERCENTAGES FROM VISUAL ESTIMATES. ' 

Sample No. Otz. Kspar. Plag. Musc. Biot. 

CONICAL PEAK AREA (n = 33); mean grain size - .1 mm 

ONEMILE CREEK AREA (n = 11);  mean Brain sire = .2 mm 

NORTH FORK ROCK CREEK AREA (n = 31); mean grain size = .1 mm 

60-9 65 8 25 2 - 

MEDICINE BOW RIVER AREA (n = 50); mean grain size = .2mm 

Zirc. Calc. Garnt. 

MEAN 53 18.3 11.9 13.4 1.2 1.1 T .6 . - 



One p o s s i b i l i t y  i s  tha t  the Conical Peak Quar tz i te  was derived 

from reworking o f  Bow River sediments w i t h  the add i t i on  o f  d e t r i t a l  

p lagioclase from the under ly ing Colberg Metavolcanic Rocks. I f  so, 

there may be a disconformity between the Colberg Metavolcanic Rocks and 

the Conical Peak Quar tz i te ,  a r e l a t i onsh ip  which i s  a lso  suggested by 

d ras t i c  thickness changes i n  the Colberg Metavolcanic Rocks i n  the 

northern Medicine Bow Mountains (p la te  1). The maximum exposed s t ra -  

t i g raph ic  thickness o f  the Conical Peak Qua r t z i t e  i s  about 800 m. 

As shown i n  Figure 2.7, crossbedding i n  the Conical Peak Quar tz i te  

i s  mainly large-scale and planar (amp1 i tude about 1 m; mean i n c l i n a t i o n  

22.6O), but trough crossbeds are a l so  present near Onemile Creek and the 

HedOclne Bow River (Plate 2). The paleocurrent d i s t r i b u t i o n  f o r  the en- 

t i r e  u n i t  (Plate 2)  shows a bimodal, b ipo la r  d i s t r i b u t i o n  w i t h  currents 

d i rec ted northeast and southwest. These modes are in terpreted t o  rep- 

resent ebb and f l ood  currents i n  a shallow marine deposi t ional  environ- 

ment. The u n i t  has many s i m i l a r i t i e s  t o  the under ly ing Bow River 

Quar tz i te  and we i n te rp re t  i t  t o  be marine f o r  many o f  the same reasons: 

f i n e  g ra in  sizes, large-scale planar crossbeds, and bimodal paleocur- 

rents. 

DEEP LAKE GROUP 

The' Deep Lake Group was def i nsd by Karl strom and Houston (1979a, 

1979b) t o  include s i x  formations  able 2.1). However we now consider 

the uppermost un i t ,  the Rock Knoll  Formation, t o  be pa r t  o f  the over- 

l y i n g  Libby Creek Group because i t  i s  i n  deposi t ional  contact w i t h  the 

over ly lng Headquarters Fromation and i s  now in terpreted t o  be e n t i r e l y  



Figure 7 .7 .  Photographs of thc Conical Pedk Quartzi te:  A .  1.5 meter 
th ick  planar crossbed set  i s  truncated by phyl 1 i t e  layerabove ( r igh t )  
and i s  tangential t o  phyl l i t e  layer  below ( l e f t ) ;  hammer handle i s  sub- 
p a r a l l e l  t o  foresets; from Sec. 1 1 ,  T.17 N . ,  R.81 W . ;  B.  large-scale ..- 
trough crossbedding near Conical Peak, Sec. 4 ,  T.18 N . ,  R.79 W .  



i n  f a u l t  contact w i t h  the under ly ing Vagner Formation (Plate 1) on the 

b a s i s o f :  breccias i n T r a i l  Creek ( ~ e c .  26, T..17N., R. 79w. )  and 

South Brush Creek ( ~ e c s .  15, 22, T. 16 N., R. Bow; change i n  s t r i k e  o f  

bedding of  45" south o f  Vagner Lake (Sec. 1, T. 16 N., R. 79 w.); 

change i n  d i p  o f  bedding by 70% northwest of Rock Creek Knol l  (Secs. 27, 

34, T. 17 N., R. 79 W.) ; and a topographic scarp between Reservoir and 

Vagner Lakes ( ~ a n t h i e r ,  1978, p. 26). The basal u n i t  o f  the Deep Lake 

Group, the Magnolia Formation, contains the major rad ioact ive conglom- 

erates i n  the Medicine Bow Mountains. I t s  s t ra t ig raph ic ,  sedimentary, 

and l i t h o l o g i c  charac te r i s t i cs ,  and i t s  uranium and thorium po ten t i a l  

a re  discussed i n  d e t a i l  by Karlstrom and Houston (1981). Other s t r a -  

t i g raph i c  un i t s  are discussed i n  more d a t a i l  i n  e a r l i e r  papers ( ~ a r l -  

strom, 1977; Karlstrom and Houston, 1979a, 1979b). This sect ion re-  

views b r i e f l y  the main sedimentary features o f  each u n i t  and presents 

our in te rp re ta t ions  o f  the deposi t ional  s e t t i n g  o f  the formations o f  

the Deep Lake Group. The petrography o f  each o f  the u n i t s  i s  shown 

i n  Figure 2.8. 

Magnol l a  Format ion - 

The Magnolia Formation i s  composed o f  two members: a basal radio-  

ac t i ve  Conglomerate Member contain ing micaceous quartz-pebble conglom- 

erates and arkos ic  mat r i x  paraconglomerates and a Qua r t z i t e  Member con- 

t a i n i ng  more mature subarkosic and arkosic quar tz i tes  and quartz-granule 

conglomerates ( ~ a r l s t r o m  and Houston, 1979a, Figure 2.8, 2.9, and Table 

2.9). This subdiv is ion i s  not always c lear  cut ;  the basal conglomerate 

member i s  not always present and contact re la t iansh ips between the two 
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Figure 2.9. Photographs of the Magnolia Formation, Conglomerate Member, 
near Threemi l e  Creek, NW1/4, Sec. 19, T. 18 N., R.78 W. ; A. layer of 
strongly radioactive quartz-pebble conglomerate; pen points t o  a square 
p y r i t e  pseudomorph and i s  para1 l e l  t o  .bedding and S1 fo l  i a t  ion;. maximum 
pebble 5s 4 x 2.5 cm; B. grani te  and quartz pebbles and cobbles weath- 
e r ing  out i n  cross-sectf;nal view o f  arkosic paraconglomerate underlying 
quartz-pebble conglomerate shown i n  A; c lasts are f lat tened i n  f o l i a t i o n  



members appear t o  be gradational. However, the nomenclature i s  retafned 

here because i t  po in ts  ou t  a major, and mappable, change i n  rock-type 

w i t h i n  the Magnolia Formation. 
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The r a d i o a c t i v e  Conglomerate Member crops o u t  i n  severa l  l o c a l i t i e s  

as l e n t i c u l a r  zones o f  p o l y m i c t i c  paraconglomerate in terbedded w i t h  

quartz-pebble conglomerates and coarse-gra ined a r k o s i c  q u a r t z i t e s .  The 

paraconglomerates a r e  micaceous arkoses and subarkoses w i t h  p o o r l y  s o r t e d  

c l a s t s  (up t o  tens o f  cen t imete rs  i n  d iameter )  o f  q u a r t z i t e ,  s c h i s t ,  ma- 

f i c  v o l c a n i c  rocks and, l o c a l l y ,  g r a n i t e .  These paraconglomerates a r e  

g e n e r a l l y  o n l y  m i l d l y  r a d i o a c t i v e  (up t o . 5 0  ppm U ,  200 ppm Th, b u t  usua l -  

l y  l e s s ) .  I n  t he  Onemile Creek area,  a t  t he  n o r t h e r n  l i m i t  o f  Magnol ia 

ou tc rop ,  t h e  Conglomerate Member i s  much more r a d i o a c t i v e  (up t o  176 ppm 

U, 915 ppm Th i n  ou t c rop )  and i s  dominated by muscov i t i c  quar tz -pebb le  

conglomerates and coarse-gra ined muscov i t i c  arkoses  a able 2 .9 ) .  I n  t h i s  

area, t he  r a d i o a c t i v e  Conglomerate Member i s  about 400 m t h i c k  and con- 

g lomerate l aye rs  range i n  t h i ckness  f rom beds one pebble t h i c k  t o  compos- . 

i t e  comglomerate zones up t o  20 meters t h i c k .  

The Q u a r t z i t e  Member i s  p resen t  throughout  t h e  Medic ine Bow Moun- 

t a i n s ,  averaging about 400 m t h i c k .  Th i s  u n i t  c o n s i s t s  o f  t r ough  c ross -  

bedded, coarse-gra ined t o  g ranu la r  q u a r t z i t e s  which vary  i n  compos i t ion  

f rom micaceous subarkose t o  micaceous arkose (Table 2.9) .  The Q u a r t z i t e  

Member i s  g e n e r a l l y  l e s s  micaceous, l ess  a r k o s i c ,  f i n e r - g r a i n e d ,  and 

l e s s  r a d i o a c t i v e  (averaging l e s s  than 10 ppm U, ~ h )  than t he  Conglomer- 

ate.  Member. 

We i n t e r p r e t  ' t h e  ~ a ~ n o l  i a  Format ion t o  be a f l u v i a l  success ion f o r  

a  v a r i e t y  o f  reasons. The u n l t  o v e r l i e s  rocks o f  t he  Phantom Lake Meta- 

morphic S u i t e  w i t h  angu la r  uncon fo rmi ty .  Th is  uncon fo rmi ty  i s  exposed i n  

t h e  c i r q u e  w a l l s  o f  C ra te r  Lake ( ~ e c .  35, T. 18 N., R. 79 w . ) ,  where 

n o r t h - s t r i k i n g  ou tc rops  o f  t h e  Q u a r t z i t e  Member o v e l - l i e  t i g h t l y  Folded, 



eas t -wes t  s t r i k i n g  rocks o f  the  Colberg Metavo lcan ic  Rocks ( P l a t e  1 ) .  

I t  i s  a l s o  ev idenced by the  f a c t  t h a t  t he  Magnol ia Format ion over1 i e s  a  

v a r i e t y  o f  u n i t s  o f  t he  ~ h a n t o m  Lake S u i t e  i n  t h e  c e n t r a l  Medicine Bow 

Mountains and Archean g r a n i t e s  and t he  Stage Cross ing  Gneiss i n  the  

n o r t h e r n  Med ic ine  Bow Mountains ( P l a t e  1 ) .  T h i s  and t he  presence o f  

pebbles o f  ~ r t h e a n  g r a n i t e  i n  the n o r t h e r n  ou tc rops  suggests a  major  

p e r i o d  o f  e r o s i o n  p r i o r  t o  Magnol ia d e p o s i t i o n  and imp l i es  t h a t  s u b s e r i a l  

c o n d i t i o n s  dominated, a t  l e a s t  i n  t he  e a r l y  stages o f  Magnol ia d e p o s i t i o n .  
. , 

L i t h o l o g i c  c h a r a c t e r i s t i c s  and t h e  l e n t i c u l a r  d i s t r i b u t i o n  o f  t he  r a d i o -  

a c t i v e  conglomerate Member a r e  a l s o  c o n s i s t e n t  w i t h  i n t e r p r e t a t i o n s  o f  

a  f l u v i a l  o r i g i n .  The u n i t  i s  p o o r l y  so r t ed ,  r e l a t i v e l y  immature, and 

i t  con ta ins  r a d i o a c t i v e  m ine ra l s  which a re  b e l i e v e d  t o  be heavy minera l  

p l ace rs .  (Houston and Kar ls t rom,  1980). .The l e n t i c u l a r  d i s t r i b u t i o n ,  

combined w i t h  t he  coarse g r a i n  s i z e s ,  poor s o r t i n g ;  and immature na tu re  

o f  t h e  sediments suggest p rox ima l ,  h i g h  energy f l u v i a l  d e p o s i t i o n  ( ~ u s t ,  

1979). We e n v i s i o n  a  paleogeography c h a r a c t e r i z e d  by f a i r l y  h i g h  r e l i e f ,  

f a u l  t bounded' h i gh lands ,  and deposi t i on  o f  r a d i o a c t i v e  conglomerates i n  

s u b a e r i a l  d e b r i s  f lows,  a l l u v i a l  fans, and h i g h  energy b ra ided  streams. 

The Q u a r t z i t e  Member i s  a l s o  i n t e r p r e t e d  t o  be f l u v i a l  i n  o r i g i n  

because o f  r e l a t i v e l y  poor  s o r t i n g ,  abundant t rough  crossbedding, and 

y r a d a t i u r ~ a l  ( f i l l i ~ . ~ ~ - u ~ : l w a ~ - d s )  r ~ l s t  i n n s h i p s  tn fhr. undc r l y  i n g  conglomcr- 

a tes .  We i n t e r p r e t  t he  q u a r t z i t e s  t o  represent  depos i t i on  i n  a  w e l l -  
. . 

developed and l a t e r a l l y  ex tens i ve  b ra ided  r i v e r  system because of .  the  

l a t e r a l  p e r s i s t e n c e  o f  t he  u n i t  (an ou t c rop  l eng th  o f  about 35 km) and 



t h e  change t o  1 e s s  micaceous and a r k o s i c  q u a r t z i t e s  f rom no r theas t  t o  

southwest,  down the  pa leos lope ( P l a t e  2 and Tab.le 2 .9 ) .  

Pa leocur ren t  measurements ( P l a t e  2)., a l t hough  a lmost  e n t i r e . 1 ~  f rom 

the  Q u a r t z i t e  Member, s u b s t a n t i a t e  t h e  f l u v i a l  i n t e r p r e t a t i o n  f a i r l y  

w e l l .  The d i s t r i b u t i o n  f o r  t he  e n t i r e  Magnol ia Format ion shows a some- 

what d ispersed  polymodal p a t t e r n  dominated by southwester ly .  d i r e c t e d  c u r -  

r e n t s .   hi's t ype  o f  dispersed.polymoda1 p a t t e r n  i s  o f t e n  c i t e d  as e v i -  

dence f o r  i n t e r t i d a l  d e p o s i t i o n   e ere ford, 1977; K l e i n ,  1970) b u t  may 

a l s o  represen t  d i s t r i b u t i o n s  i n  b ra ided  stream environments (Ore, 1964; 

W i l l i ams ,  1971) o r  f l u v i a l  d e p o s i t i o n  combining a l l u v i a l  f a n  and b ra ided  

r i v e r  depos i t i on .  For i n d i v i d u a l  areas ( p l a t e  2 ) ,  some pa leocu r ren t  

roses show unimodal p a t t e r n s ,  o t h e r s  show d i s t i n c t l y  polymodal p a t t e r n s .  

I f  t he  polymodal p a t t e r n s  a r e  r e a l  ( i  .e, i f  they  a r e  n o t  a r e l i c t  o f  

measurement problems assoc ia ted  w i t h  d i s t i n g u i s h i n g  t rough  f rom plan'ar 

crossbeds i n  sma l l ,  d i  scont i nuous ou t c rops ) ,  they  may r e f l e c t  a south-  

w e s t e r l y  d i r e c t e d  major  r i v e r  system, bounded on t he  nor thwest  by areas 

o f  h i g h  r e l i e f ,  i n  which a l l u v i a l  fans were developed which t r anspo r ted  

sediment i n  sou theas te r l y  d i r e c t i o n s ,  i n t o  t he  t r u n k  r i v e r  system. By 

t h i s  exp lana t i on ,  t he  conglomerates o f  t h e  lower Magnol ia Format ion rep- 

resen t  t h e  basal  p o r t i o n s  o f  these a l l u v i a l  f a n  depos i t s .  The w ide  d i s -  

t r i . b u t i o n  o f  conglomerate lenses and cons i s t e n t  coarse g r a i n  s i z e s  o f  

these conglomerates i n  a down-current d i r e c t i o n  (southwest)  i n  t h e  Medi- 

c i n e  Bow Mountains i s  exp la ined  i n  terms o f  m u l t i p l e  s o u t h e a s t e r l y  d i -  

r e c t e d  f a n  systems b u i l t  on fau l t -bounded h igh lands  t o  t he  nor thwes t .  

Th i s  i n t e r p r e t a t i o n  remains t e n t a t i v e  because crossbedding i s  r a r e  i n  t h e  

conglomerates themselves and t h e i r  pa leocu r ren t  d i s t r i b u t i o n s  a r e  n o t  

known. 



Lindsey Q u a r t z i t e  

The L indsey Q u a r t z i t e  inc ludes  t r ough  crossbedded q u a r t z a r e n i t e  

and subarkose ( ~ i ~ u r e s  2.8, 2.10, and Table 2.10) ,  which g r a d a t i o n a l l y  

o v e r l i e  the  Q u a r t z i t e  Member o f  rhe  Clayr~ol la  Fur~ l raL iu~ i .  L i ~ i d j e y  C ( U ~ I . ~ E  

i t e s  a r e  g e n e r a l l y  medium-grained bu t  a l s o  d o n t a i n  s c a t t e r e d  pebbles (up 

t o  1 cm i n  d i ame te r )  a l ong  p l a n a r  f o r e s e t  beds o r  i n  smal l  scours,  and 
. , 

t h i n  p h y l l i t i c  l a y e r s  and p a r t i n g s .  Thc t h i ckness  o f  t h e  Lindsey Quar tz -  

i t e  i s  about 410 m i n  t h e  c e n t r a l  Medic ine Bow Mountains and t h e  u n i t  

e i  t h e r '  p inches o u t  o r  i s  unconforrnably orilapped by t he  Cascade Q u a r t i l  t e  

t o  t h e  n o r t h  ( P l a t e  1 ) .  The L indsey Q u a r t z i t e  i s  l o c a l l y  anomalously 

r a d i o a c t i v e ,  e s p e c i a l l y  near i t s  n o r t h e r n  ou t c rop  l i m i t .  

TABLE 2.10. PETROGRAPHY OF THE LINDSEY OUAHTZITE; MODES FROM VISUAL ESTIMATES; KSPAR 
COLUMN INCLUDES MUSC. AFTER FELDSPAR; ARRANGED NORTHEAST (TOP) TO SOUTHWEST (BOTTOM). 

Samplo No. Qtz. K-spar Plao. Mi~sr. Rint.  Chlor. npflq. Zirc. Anet. 

MEAN 



Figure 2.10. Photographs o f  trough crossbedding i n  the Lindsey Quartz- 
ite; & Sec. 33, T.17 N., R.79 W.;  8. Sec. 30, T.18 N., R.78W. 



Trough crossbedding i s  we1 1 preserved i n  the Lindsey Quar tz i te  (Fig-  

ure 2.10) and r i p p l e  marks are present occasional l y .  The paleocurrent 

d i s t r i b u t i o n  shown i n  P la te  2, i s  s t rongly  unimodal w i t h  currents d i rected 

southwest and a mean d i r e c t i o n  (229') very simi l a r  t o  the Magnol ia Forma- 

t i on .  This type o f  unimodal pa t te rn  i s  o f ten  c i t e d  as evidence f o r  f l u -  

v i a l  deposi t ion (Al len, 1967; Pot ter  and Pet t i john,  1977). We i n te rp re t  

the Lindsey Quar tz i te  t o  be a f l u v l a l  u n i t  on t h i s  basis, as we l l  as; 

i t s  gradat ional  re la t ionsh ip  t o  the  Magnolia Formation; the abundance o f  

trough crossbeds; and scattered pebbles and p h y l l i t e  par t ings which may 

represent l a g  gravels and t h i n  overbank sediments respect ively.  

Campbell Lake Format i on 

The Campbell Lake Formation i s  a t h i n  (up t o  65 m) , discontinuous 

paraconglomerate -- quartz p h y l l i r e  sequence which serves as a useful 

s t r a t i g raph i c  marker i n  the cen t ra l  Medicine Bow Mountains. The para- 

conglomerate contains poor ly  sorted subangular clasrs (up tu 76 ~III i r l  

diameter) o f  grani te,  quar tz i te ,  and p h y l l i t e  i n  a poor ly  sorted mica- 

ceous arkose t o  subarkose mat r i x  (Figure 2.8; Table 2.11). The u n i t  ap- 

pears t o  be a debr is  f l ow o f  some type and has been in terpreted t o  be 

g l a c i a l  i n  o r i g i n  (Karlstrom and Houston, 1979a, 1979b), a l t l ~ o u y l ~  w e  have 

no d e f i n i t e  evidence far g lac ia l  depusi l ion and the u n i t  might a lso  repre- 

sent a l l u v i a l  fan debr is flows ( ~ u l l ,  1972). 

Cascade Quartz i t e  

The Cascade Quartzi. te i s  the th ickest  (.up t o  85Q m) and most l a t e r -  

a l l y  extensive u n i t  i n  the Deep Lake Group. I t  unconformably over l ies  

u n i t s  ranging i n  age from Archean g ran i te  and Stage Crossing Gneiss i n  the 



TABLE 2.11. PETROGRAPHY OF THE CAMPBELL LAKE FORMATION; MODES FROM VISUAL ESTIMATES: 
KSPAR COLUMN INCLUDES MUSC. AFTER FELDSPAR; ARRANGED NORTHEAST (TOP) TO SOUTHWEST 
(BOTTOM). 

Labile 
Sample No. Qtz. Qtzite. K-spar. Plag. Musc. Biot. Chlor. Opaq. Zirc. Epid. Apat. R.F. 

MEAN 69.8 .6 7 5.3 13.3 1.6 1.3 .8 T T T .2 

northern Medicine Bows t o  the Campbell Lake Formation i n  the cent ra l  

Medicine Bow Mountains t o  Archean quartzo-feldspathic gneisses i n  the 

southern Medicine Bow Mountains (p la te  1). The u n i t  i s  characterized by 

clean, white, massive, pebbly quartzareni te and subarkose, w i t h  loca l  

arkose (Figure 2.8; Table 2.12). Quartz and black cher t  pebbles occur i n  

d i s t i n c t  layers, commonly 5-10 cm t h i c k  (Figure 2.11). Maximum pebble 

sizes, shown i n  Plate 2, f o r  the u n i t  appear t o  be largest  (Q 3 cm) i n  

the cent ra l  pa r t  o f  the outcrop b e l t  and smaller (Q 2 cm) i n  the north- 

east and southwest. 

Paleocurrent measurements from abundant planar and trough cross- 

bedding i n  the Cascade Quar tz i te  show a unimodal d i s t r i b u t i o n  about a 

west-southwest d i rected mean paleocurrent (248"). The dispersion o f  

paleocurrent vectors i s  appreciably smal l e r  (L i s  larger  and vari-ance i s  

smaller) than f o r  both the Lindsey Quar tz i te  and Magnolia Formation. 

This type o f  small variance unimodal paleocurrent pat tern i s  o f t en  con- 

sidered t o  be one charac te r i s t i c  o f  f l u v i a l  paleocurrent pat terns (Potter 

and Pett i john, 1977). 



Figure 2.11. Photqraphs o f  the Cascade Quartz i te :  A. pebble layer on bedding surface I n  Sec. 30, 
T.18 N . ,  R .79  W . ;  largest pebble i s  6 x 3.;  cm; graypebbles i n  lower r i g h t  are chert;  15 cm 
thick planar crossbed set i n  See. 32, T. 18 N., R.78 W. 



TABLE 2.12 PETROGRAPHY OF THE CASCAbE QUARTZITE; MODES FROM VISUAL ESTIMATES; KSPAR 
COLUMN INCLUDES MUSC. AFTER FELDSPAR. ARRANGED NORTHEAST (TOP) TO SOUTHWEST (BOTTOM). 

Rock 
Biot. Chlor. Frags. Opaq. Sample No. Apat. Epid. Rutile 

Cooper Hill 

TS-6A 
TSeC 
TS-6E 
TS-6F 
TS-60 
TS-IOA 

MEAN 

L .  -,  4 
W& have ' interpr&ed the eastade qua r t z i t e  'f" previous papers mrl- 

strom and Houston, 1979a, 1979b) t o  be a f l u v i a l  u n i t  on the basis o f :  

the low variance unimodal paleocurrent d i s t r i b u t i o n ,  the presence o f  both 

planar and trough crossbedding ( in terpreted t o  represent bars and migrat- 

ing dunes i n  a r i v e r  system), layers o f  wel l  rounded, wel l  sorted pebbles 

in terpreted t o  be lag  gravels, and unconformities a t  the base and top o f  

the Cascade Quar tz i te  which suggest subaerial condi t ions before and a f -  

t e r  Cascade deposit ion. However, none o f  these features i s  r e s t r i c t e d  t o  

f l u v i a l  environments and the l a t e r a l  con t i nu i t y  o f  the u n i t  (a s t r i k e  

length o f  over 50 km i n  the Medicine Bow Mountains and about 30 km i n b t h e  

Sierra Madre t o  the west), the mature composition, the r c l a t i v e  



consistency o f  maximum pebble sizes i n  a down-current d i rec t ion ,  and the 

presence of one bimodal (north-south) paleocurrent d i s t r i b u t i o n  i n  the 

northeastern Medicine Bow Mountains (Plate 2) might a l so  be c i t e d  as 

evidence support ing marine o r  d e l t a i c  deposit ion. The unirnodal paleocur- 

ent  d i s t r i b u t i o n  f o r  the e n t i r e  u n i t  and the mature composition are both 

s i m i l a r  t o  the Medicine Peak Quar tz i te  (p la te  2) which we consider t o  be 

a shal low marine deposit (discussed l a t e r ) .  A t  present, our understand- 

ing of the Cascade Quar tz i te  permits e i t he r  a f l u v i a l  o r  d e l t a ~ c  i n te r -  

p r e t a t i o n  o r  both types o t  sedrments may be present. 

Vagner Format ion 

The Vagner Formation i s  a paraconglomerate-marble-phyllite- 

q u a r t z i t e  succession (up t o  800 m t h i ck )  tha t  unconforrnably over1 ies the 

Cascado Quartz i te .  This u n i t  was o r i g i n a l l y  included as p a r t  o f  the 

Headquarters Schist (Table 2.1 ) because o f  simi l a r  i t ies between paracon- 

glomerates i n  the Vagner and Headquarters Formations and the prox imi ty  o f  

these un i t s  t o  one another i n  the cent ra l  Medicine Bow Mountains. How- 

ever, de ta i led  mapping has shown tha t  the paraconglomerate-marble succes- 

s ion o f  the Vaqner Formation i s  present i n  the northeastern Medicine Bow 

Mountains (p la te  1) and i s  d e f i n i t e l y  p a r t  nf t h ~  nppp l a k e  Gro~~p.  The 

proximi t y  o f  Vagner and Headquarters paraconglomerates i s now interpreted 

t o  be re la ted  t o  movement on the Reservoi r Lake kau l t (plates 1 and 3 ) .  

The Vagner Formation i s  an important u n i t  i n  the Medicine Bow Mountains 

from several perspectives. S t ra t ig raph ica l l y ,  i t  represents the ea r l y  

stages o f  a major t r a n s i t i o n  i n  sedimentation: from dominantly epicon- 

t i n e n t a l  deposi t ion i n  the Deep Lake Group t o  dominantly marine deposi- 

t i o n  o f  the miogeocl inal Libby Creek Group. S t ruc tu ra l l y ,  the marbles 



and the p h y l t i t e s  i n  the u n i t  apparently were some o f  the most d u c t i l e  

rocks i n  the sequence, l oca l i z i ng  s t r a i n  during. major Proterozoic th rus t  

f a u l t i n g  and during Laramide u p l i f t  so t h a t  the u n i t  I s  in t imate ly  asso- 

c ia ted  w i t h  major fau l ts .  In  the cen t ra l  Medicine Bow Mountains, the 

Vagner Formation forms the footwal l  o f  the Reservoir Lake Faul t  over 

most o f  i t s  length; i n  the northeastern Medicine Bow Mountains, the u n i t  

i s  i n  the hanging wal l  o f  the Ar l ington th rus t  f a u l t  o f  Laramide age. 

The basal u n i t  o f  the Vagner Format ion i s  a po lymic t i  c paraconglom- 

erate  (or d iamic t i  te )  w i t h  angular and subangular c l as t s  o f  grani te,  

qharezi te ,  and maf i c  sch is t  (Figure 2 .12~ )  i n  a subarkosic mat r i x  (Figure 

2.8; Tahle 2.13). The u n i t  i s  t h i n  (average thickness about 300 m), but 

l a t e r a l l y  pers is tent  and i s  in terpreted t o  be a glaciomarine conglomerate 

on the basis o f  the presence o f  dropstone c lasts ,  poor sor t ing,  subangu- 

l a r  c las ts ,  f a i n t  s t r a t i f i c a t i o n  i n  some conglomerates, and the geochem- 

i s t r y  o f  the sand-size matr ix  o f  the conglomerates  a able 2.14) which i s  

s im i l a r  t o  the Gowganda t i  11 i t e s  o f  the Huronian Supergroup and t o  

other Early Proterozoic g l a c i a l ( ? )  deposits i n  North America ( ~ y l v e s t e r ,  

1973; Young, 1970; 1973). Marble and p h y l l i t e  o f  the Vagner Formation 

(Figure 2.128) provide support f o r  a marine deposi t ional  set t ing.  

Limited paleocurrent data from the Vagner Formation (p la te  2) show 

a change t o  more wester ly d i rected t ransport  (mean - 256 ' ) .  One possi- 

b l e  explanaliun f o r  t h i s  change involves a highland t o  the east wh.i.ch 

could supply de t r i t us .  Thls explanat Ion f i t s  wel l  ui t h  our contqpt o f  

sedimentation i n  a r i f t  basin dur ing the Early Proterozoic (.discussed i n  

deta i  1 l a t e r ) .  



1 Figure 2.12. Photographs o f  the 
Vagner Format ion; A. puor-1 y 
sorted, sub-angularFo sub- 

. rounded c lasts  o f  white grani te ,  
quar tz i te ,  and mafic schist  i n  
medium-grained argil laceous 

I subarknw matr ix o f  basal dia- 
I I I ~ L ~  i ta near Rcsarvoi r Lalf.e, 
Sec. 5,  T,16 H. ,  R.79 r ; & 
marble overlying d iamic t i te  
near Rock Creek, Sec. 6, T. 17 N . ,  
K . / $  W. 



TABLE 2.13 PETROGRAPHY OF THE VAGNER FORMATION; MODES MAINLY FROM VISUAL ESTIMATES; 
K-SPAR COLUMN INCLUDES MUSC. AFTER FELDSPAR; ARRANGED NORTHEAST (TOP) TO SOUTHWEST 
(BOTTOM) WITHIN EACH ROCK-TYPE. .,, . . 

Sample No. Qtz. K-Spar Plag. Calc. Epid. Musc. Biot. Opaq. Amph. Span. 

SlLlClCLASTlC ROCKS - SAND AND SILT - SIZE FRACTION 

K662 35.0 - 8.9 - 5.7 - 
K795 50.2 - 5.7 - - 5.7 

CLASTIC CARBONATES . . 

K78-29 36 - 3 43 13 - 5 T - - - 
K78-96 62 - - 23 15 - - T - - - 
TS-349 46 20% feldsp'ar . 9 14 6 6 1 - - - 
TS-3678 20 - - 80 - - - - - - - 

. TS-393 30 25% 'feldspar ., 8: - .37 - . -  - - - - 

TABLE 2.14. CHEMICAL COMPOSITIONS OF SAND-SIZE MATRIX FROM GLACIAL (?I PARACONGLOMERATES; 
DATA FROM SYLVESTER (1973) AND YOUNG (1973). 

SiOz . 
A1203 
K2O 
CaO 
Total Fe 

0 Na2O 
MgO 

1. Vagner Formation - basal paraconglomerat~; mean. of 8 samples taken between'Dipper and Reservoir iakes from 
Sylvester's "basal diamictite unit." 

, . .  
' 

2. '~eadquarters Formation - basal paraconglomerate; mean of 5 samples taken between Dipper and South Twin Lakes. 

3. Headquarters Formation - upper paraconglnmerate; mean of 4 samples taken west of Twin Lakes. 

- 4. Gowganda Formation, Huronian Supergroup; mean of 16 samples from north shore of Lake Huron (Young, 1973) 

. :  . 



LOWER LIBBY CREEK GROUP 

The name Lower L ibby  Creek Group i s  used here  t o  r e f e r  t o  t he  domi- 

n a n t l y  m a r i n e  s i l i c i c l a s t i c  u n i t s  sou th  o f  t he  Reservo i r  Lake f a u l t  and 

s t r a t i g r a p h i c a ' l l y  below the  Nash Fork Format ion  a able 2.1).  Th i s  new 

s u b d i v i s i o n ,  Upper versus Lower ~ i b b y  Creek Groups, i s  in t roduced i n  t h i s  

r e p o r t  f o r  severa l  reasons.. F i r s t ,  t h e  l i t h o l o g i e s  i n  these two succes- 

s i o n s  a re  q u i t e  d i f f e r e n t :  Whercas t he  lower sucqession Is predominant ly  

s l l l c l c l a s t i c ,  t h e  Upper L ibby Creek Group con ta ins  do lomi te ,  volcanogen- 

i c  rocks ,  and b l a c k  s l a t e .  Th i s  major  change i n  l i t h o l o g y  i n d i c a t e s  ve ry  

d i f f e r e n t  c o n d i t i o n s  f o r  sed imenta t ion  f o r  t he  two successions. Second, 

new map i n t e r p r e t a t i o n s  ( p l a t e  I )  p lace  a major f a u l t ,  t h e  ~ e w i ' s  Lake 

F a u l t ,  between t he  Sugar loa f  Q u a r t z i t e  and t h e  Nash Fork Format ion on t he  

b a s i s  o f  t h e  d isappearance o f  t h e  Sugar loaf  Q u a r t z i t e  i n  Secs. 9 ,  10, and 

17, T,  16 N., R. 79 W . ;  t he  ab rup t  t l i i i ~ i l i ~ ~ y  u.F the  Medlc ine Peak Quar tz- -  

i t e  i n  Sec. 2, T. 16 N., R .  79 W. and va r i ous  b r e c c i a  zones a long  the  

c o n t a c t  ( L a n t h i e r ,  1978, p.  26) .  As d iscussed l a t e r ,  we i n t e r p r e t  t h e  

f a u l t  t o  be a r o t a t e d  t h r u s t  f a u l t  which i m p l i e s  t h a t  the  upper L ibby  

Creek Group i s  a l l och thonous  o r  pal-a-autochthonous w i t h  respect .  t o  t he  

Lower L l  bby Creek Group and may have been depos i ted  i n  ve ry  d i f f e r e n t  

t e c t o n i c  and sedimentary environments.  Th i rd ,  a l though t h e  exac t  age 

r e l a t i o n s h i p  between t h e  two s u c c e ~ s i o n s  i s  nn t  y e t  c l e a r ,  t h e r e  a r c  

seve ra l  i n d i c a t i o n s  t h a t  the  Upper L ibby  Creek Group may be app rec iab l y  

younger than t he  Lower L ibby Creek Group. The Gaps Trondjhemkte i n t r udes  

t h e  lower success ion b u t  no t  t he  upper ( P l a t e  1) and r e g i o n a l  c o r r e l a ?  

t i o n s  t o  o t h e r  metased imenta r .~  successions i n  Nor th  America suggest t h a t  

t h e  Upper L i bby  Creek Group may c o r r e l a t e  w i t h  t he  1900-2100 m.y. o l d  



Marquet te  Range Supergroup o f  M i  nnesota whereas t h e  Lower L i  bby Creek 

Group may c o r r e l a t e  w i t h  t h e  2150(+) m.y. o l d  Huronian Supergroup o f  

O n t a r i o    ousto on and. Ka r l  strorn, 1980). T h i s  i s  d iscussed l a t e r .  

We cons ide r  t h e  Lower L ibby  Creek Group t o  represen t  m iogeoc l i na l  

d e p o s i t i o n  on t h e  s t a b l e  sou th  marg in  o f  t h e  Wyoming Archean c r a t o n .  The 

two lowest  u n i t s  o f  t h e  Lower L ibby  Creek Group, as w e l l  as t h e  uppermost 

u n i t  o f  t h e  Deep Lake Group, a r e  i n t e r p r e t e d  t o  be g l ac i omar i ne  sediments 

which reco rd  a  change f r o m , c o n t i n e n t a l  and e p i c o n t i n e n t a l  sed imen ta t i on  

i n  t h e  Deep Lake Group t o  m iogeoc l i na l  sed imen ta t i on  i n  t h e  L ibby  Creek 

Group. 

Rock Kno l l  Format ion 

The Rock Kno l l  Format ion i s  a  q u a r t z i t e  u n i t  which c rops  o u t  i n  two 

p laces  i n  t h e  hanging w a l l  o f . t h e  Reservo i r  Lake F a u l t :  near  Rock Creek 

Kno l l  i n  t h e  eas t  and near Twin Lakes t o  t h e  west ( p l a t e  1 ) .  I t s  maxi-  

mum exposed s t r a t i g r a p h i c  t h i c kness  i s  380 m .but  t h e  base o f  t h e  u n i t  i n  

both.  .o.utcrops. i.6 t r unca ted  a g a i n s t  t he  Reservo i  r Lalte Faul  t .  

The predominant . l i t h o l o g y  i s  a  g ray ,  medium-grained, p l a g i o c l a s e  

a rkose  (F i gu re  2.13 and Table  2 .15) .  The u n i t  a l s o  c o n t a i n s  p h y l l i t i c  

l a y e r s  and p a r t i n g s  up t o  30 cm and conglomerates up t o  1 m t h i c k .  The 

conglomerates c o n t a i n  q u a r t z ,  q u a r t z i t e ,  and g r a n i t e  c l a s t s .  The l i -  
. . 

t ho l ogy  o f  Rock K n o l l  i s  ve ry  d i f f e r e n t  from under l y ing .Deep Lake Group 

q u a r t z i t e s  i n  t h a t  p l a g i o c l a s e  i s  overwhelming ly  t h e  dominant f e l d s p a r .  

(Compare F igures  2.8 and 2.13) .  ~ l a ~ i o c l a s e  i s  a l s o  t he  dominant f e l d -  

spar  i n  p a r t s  o f  t h e  Vagner Format i o n  and th roughou t  t h e  Lower L ibby  

Creel< Group. Th i s  suggests . . t o  us th.at  t h e  onse t  o f  g lac i ,omar ine sedi - ,  

- mentat  i on  i n  t h e  upper Deep Lake Group and Lower L ibby Creek Group was i n  

some way r e l a t e d  t o  t h e  change i n  compos i t i on  o f  t h e  sediments.  

,245 
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Figure 2.13. Qwrtz=fsldspor-mice ternary diagrams for sand and 
granule size fractions of silicicbstic rocks of the Lower Libby 
Creek Group. Medicine Rmk data - point counts; other modal 
dota from visual estimates; kspar Ys total feldspar; 
x pkq. * l/s total feldspar; + plog. = 1/3 - 2/3 total feldspar. 



TABLE 2.15. PETROGRAPHY OF THE ROCK KNOLL FORMATION MODES FROM VISUAL ESTIMATES: AR- 
RANGED NORTHEAST (TOP) TO SOUTHWEST (BOTTOM). 

Sample No. Qtz. Plag. K-spar Musc. Biot. Chlor. .Opaq. Epid. Zirc. 

MEAN 57.7 26.3 5 4 4.5 1.3 T .6. T 

Paleocur ren t  da ta  f rom ou t c rop  areas o f  t h e  Rock Kno l l  Format ion 

i n d i c a t e  w e s t e r l y  d i r e c t e d  pa leocu r ren t s  (mean = 280") .  These w e s t e r l y  

c u r r e n t  d i r e c t i o n s  a r e  un ique t o  t h e  Rock Kno l l  and Vagner Format ions 

and a r e  i n t e r p r e t e d  as evidence f o r  -an eas te rn  source a rea  which appar- 

e n t l y  was u n d e r l a i n  by p l a y i o c l a s e - r i c h  metavo lcan ic  and p l u t o n i c  rocks,  

q u a r t z i t e s ,  and some g r a n i t e s .  

Sedimentary s t r u c t u r e s  i n  t he  Rock Kno l l  Format ion i n c l u d e  r i p p l e  
\ 

marks, p l ana r  crossbedding, and c l a y  g a l l s .  We p o s t u l a t e  g l a c i a l -  

r e l a t e d  f l u v i a l  and d e l t a i c  d e p o s i t i o n  f o r  t he  Rock Knol.1 Forniatiot-I be- 

cause o f  i t s  s t r a t i g r a p h i c  p o s i t i o n  and i t s  s i m i l a r i t y  i n  compos i t ion  

w i t h  t he  Vagner and Headquarters Format ions. The q u a r t z i t e s  o f ' t h e  Rock 

Kno l l  Format ion appear t o  represen t  a  p e r i o d  o f  g l a c i a l  r e t r e a t  between 

g lac iomar ine  sed imenta t ion  episodes represented by t h e  u n d e r l y i n g  Vagner 

and' over1 y  i ng Headquarters Format ions.  

Headauarters Format ion 

The Headquarters Format ion, as rede f i ned  by Karlz i t rom and Houston 

(1979a) and L a n t h i e r  (1979) inc ludes  a lower member (350 m t h i c k )  com- 

posed o f  l e n t i c u l a r  paraconglomerates, q u a r t z i t e s  and s c h i s t s  and.an 



upper member (300 m t h i c k )  c o n t a i n i n g  laminated sch i  s.ts and phy 11 i tes .  

S ince  Blackwelder  i n  1926, t he  Headquarters Format ion has been i n t e v - '  

p r e t e d  t o  be g l a c i a l  o r  g l ac i omar i ne  i n  o r i g i n   ouston on and o thers ,  1968; 

S y l v e s t e r ,  1973; ~ a r l s t r o m ,  1977; Lan th ie r ,  1979; ~ u r t z  and Anderson, 

1979).  The u n i t  has been c o r r e l a t e d  w i t h  o t h e r  E a r l y  P r o t e r o z o i c  g l a -  

c i a l  ( ? )  paraconglomerates . i n  Nor th  America, most n o t a b l y  t he  Gowganda 

Format i o n  o f  t h e  Huron i a n  Supergroup (young, 1970, 1973; Huus tor1 arld 

o t h e r s ,  1979; Houston and Kar ls t rom,  1980). 

~ e t r o ~ r a ~ h i c a l ' l ~ ,  t h e  u n i t  i s  q u i t e  heterogeneous  a able 2.16). The 

lower  member con ta  i n s  severa 1 lenses o f  paracong lomerate ( o r  d lam1 c t  i t e )  

composed o f  g r a n i t e ,  q u a r t z i t e  and s c h i s t  c l a s t s  (average s i z e  4-6 cm, 

b u t  rang ing  up t o  about 1 m i n  d iameter )  i n  a p o o r l y  so r t ed  m a t r i x  o f  

sand and s i l t  s i z e  q u a r t z ,  p l a g i o c l a s e ,  K- fe ldspar ,  rock  fragments,  and 

micas. A t  one l o c a l i t y ,  west o f  Twin Lakes, t h e r e  are t h ree  stacked par -  

aconglomerate u n i t s  separated by q u a r t z i t e s .  I n  o t h e r  areas,  one o r  mul-  

t i p l e  paraconglomerates i n  t he  lower member appear t o  be cornplexly i n t e r -  

c a l a t e d  w i t h  q u a r t z i t e s  and s c h i s t s .  Q u a r t z i t e s  a r e  p l a g i o c l a s e  arkoses, 

v e r y  s i m i l a r  i n  compos i t ion  t o  t h e  hock k n o l l  quartzites (F lgu re  2 . 1 3 ) .  

The upper member o f  t h e  Headquarters Format ion i s  a b i o t i t e ,  c h l o r i t e ,  

q u a r t z  p h y l l i t e  w i t h  l am ina t i ons  formed by a l t e r n a t i n g  q u a r t z - r i c h  and 

, m i c a - r i c h  l aye rs .  

Sedimentary s t r u c t u r e s  i n  t h e  Headquarters Format ion i nc l ude  sma l l -  

s c a l e  p l ana r  and t r ough  crossbedding, l am ina t i ons  i n  bo th  paraconglomer- 

a t e  and phy l  1 i t e  u n i  t s ,  dropstone s t r u c t u r e s  i n  paracur lg lo~~ le ra tes ,  and 

c l i m b i n g  r i p p l e s .  I n  one ou tc rop ,  Bouma A-B-C t u r b i d i t e  sequences were 

observed assbc ia ted  w i t h  paraconglomerates. The paraconglomerates 



themselves are some of the most in te res t ing  sedimentary features o f  the 

u n i t .  These conglomerates are massive t o  s l i g h t l y  s t r a t i f i e d ,  general- 

l y  non-graded, poor ly sorted, and contain i so la ted  to  poarly-packed sub- 

angular t o  rounded c lasts ,  a few of which appear t o  depress underlying 

s t ra ta  but t o  be covered by over ly ing s t ra ta  (Figure 2.14) suggesting 

i ce-raf ted dropstones ( ~ y  1 ves t e r  , 1973) 

TABLE 2.16. PETROGRAPHY OF THE HEADQUARTERS FORMATION MODES FROM VISUAL ESTIMATES. 

QCr. + K-Spar + Labile 
Sample No. QPite R.F. Plag. Gfanite R.F. MUsc. Biot, Chlor. Opaq. R.F. Zirc. Rutile Calcite 

TS-353 55 21 6 3 1 4 - 2 - - 1 
TS-26A 58 38 10 2 - - T - - - - 
TS43C 30 30 F 2 - - - - T T - 
TS-01 B 59 1 0' 6: 13 4 5 T 5 - - - 
Mean of 5 
m p l e s  from 
upper diamictite 
of Sylvester 
(1973) 30 10 46 4.9 - - - - - - - 
QUARTZITES 

TS-354 50 28 9 - 10 2 1 - - - - 
Cb38 35 5 - 45 5 3 7 - - - - 
Cat2  65 24 6 5 - - 1 - a - - 
59-59 54 33 2 1 5 4 1 - - - - 
TS41C 84 12 2 2 - T - - - 

PHYLLlTES 

SR76-7 66 - - 28 - 4 2 - - - - 
C-521 67 - - 10 - 20 3 - - - - 
c-51 I 40 - - 5 1 2 5 2 - - - - 
5966A 84 - - 7 1 6 2 - - - - 
59668 50 - - 25 2 20 3 - - - - 
Mean of 2 
samples from 
Sylvester (1973) 36 - - 33 4 21 6 - - - - 
Mean of 2 
samples from 
.Houston and 
Others (1968) 31 T - 28 4 B plus garnet, sphene, tourmaline 



Figure 2.14. Pol ished slab o f  diamicti  t e  from the Headquarters Formation, 
near South Twin Lake, central  Medicine Bow Mountains; granite c las t  
(actual size)  appears to  have depressed underlying layers but subsequent 
layers a r e  truncated against c las t ,  suggebLing that c las t  was drnpped 
i n t n  sof t  sediments from f loa t ing  iceberg. Photograph by George 
Sylvester. 



. ~ h e s e  c h a r a c t e i i  s t  i c s  o f  t h e  paraconglomerates a r e  s i ' m i  l a r  t o  de- 

s c r i p t  ions o f  o t h e r  g j ac i d r ; l i r i  ne paraconglomera.tes (young, 1970) and the 

o v e r a l l  geochemiktry o f  t k e  ~ e a d ~ u a i t e r s  paraconglomerates (Table 2.14) 

i s  ve ry  s i m i l a r  t o  those o f  t h e  g l a c i a l  ~ o w ~ a n d a  Format ion o f  t h e  Huron- 

i a n  Supergroup (young, 1973). Th is ,  ~ o m b i n e d  w i t h  t he  a s s o c i a t i o n  o f  t h e  

paraconglomerates wi t h  laminated, presumably marine, phy l  1 i.'tes (meta- 

s i  l tsones) , t h e  r a p i d  l a t e r a l  f a c i e s  changes i n  t he  lower member, and t h e  

appearance o f  m u l t i p l e ' c o n g l o m e i a t e  lenses a r e  a l l  c o n s i s t e n t  w i t h  a $ l a -  

c i o m i r i n e  d e p o s i t i o n a l  s e t t i n g .  p r o d e l t a i c  mudf lows and t u r b i d i  t e s  

migh t  have most o f  t he  s'ame f e a t u r e s  b u t  would n o t  be expected t o  c o n t a i n  

dropstones.  Kur tz  and Anderson (1979) suggested, by analogy t o  t he  Ant- 

a r c t i c  c o n t i n e n t a l  margin sediments, t 'hat  d e p o s i t i o n  o f  the  Headquarters 

  or mat ion took  p lace 'a ' t  some d i s t a n c e  f rom t h e  i c e  sheet and on a t  l e a s t  

a moderate s lope  -- as suggested by ev idence f o r  t u r b i d i t y  f l o w  i n  t h e  

paraconglomerates, t h e  presence o f  laminated pebbly  and non-pebbly a r g i l -  

l i t e s  which bo th  occur  on the  c o n t i n e n t a l  s l ope  o f f , A n t a r c t i c a ,  t h e  scar-  

c i t y  o f  paraconglomerates depos i ted  d i r e c t l y  f rom g l a c i a l  i c e  ( i . e .  t i l -  

l i t e s )  and the  abundance o f  f i n e r - g r a i n e d  rocks i n  the  Headquarters For-  

mat ion. We p r e f e r  p r o d e l t a  and d e l t a  f r o n t  d e p o s i t i o n a l  s e t t i n g s  be- 

cause o f  t he  s t r a t i g r a p h i c  p o s i t i o n  o f  t he  Headquarters Format ion; over -  

l y i . ng  presumed d e l t a i c  depos i t s  o f  t h e  upper Deep Lake Group and conform- 

a b l y  u n d e r l y i n g  q u a r t z i t e s  o f . t h e  Hear t  Format ion which we a l s o  i n t e r -  

p r e t  t o  be p r o d e l t a  and d e l t a  f r o n t  sands. 

Hear t  Format ion 

Thc Hcar t  Format ion ( ~ l ~ c k w e l d e r ,  1926; Houston and o t h e r s ,  1968; 

Lan th ie r ,  1979) 1 i e s  conformably between t h e  Headquarters Format ion and 



t h e  Med ic ine  Peak Q u a r t z i t e  throughout  t he  map area. The f o rma t i on  i s  

670.111 t h i c k  and i s  p redominan t l y  q u a r t z i t e .  A p h y l l i t e  u n i t  up t o  90 m 

t h i c k  i s  l o c a l l y  p resen t  about 400 m above t he  base o f  the  Hear t  Forma- 

t i o n  (F igu re  2 .2) .  

The dominant l i t h o l o g y  o f  t h e  Hear t  Format ion i s  a  h i g h l y  s e r i c i t i c ,  

v e r y  f i n e -  t o  medium-grained q u a r t z i t e   a able 2.17 and F igu re  2.13).  The 

u n i t  becomes more quar tzose  near  the  top .  I n  addi  Liur~ t o  q u a r t z  and set-- 

i c i t e ;  p l a g i o c l a s e ,  c h l o r i t e ,  b i o t i t e ,  and opaque m ine ra l s  may be p re -  

sen t .  Heavy m i n e r a l s  i n c l u d e  z i r c o n ,  tourma. l ine, sphene, r u t i l e ,  and 

a p a t i t e   a able 2.17).  L a n t h i e r  (1978) n o t i c e d  a  micaceous, quar tz -pebb le  

conglomerate a t  one l o c a l  i t y .  To the  southwest,  t h e  metamorphic grade 

increases.  Here, t h e  Hear t  Format ion i s  a  b i o t i t e  s c h i s t  and may c o n t a i n  
I .  

k y a n i t e ,  ga rne t ,  and s t a u r o l i t e  i n  a d d i t i o n  t o  t h e  m ine ra l s  o f  Table 2.17 

(t,laustan and o t h e r s ,  19G8)., 

TABLE 2.17. PETROGRAPHY OF THE HEART FORMATION; MODES FROM POINT COUNTS (FIRST THREE) AND 
VISUAL ESTIMATES. 

Sample No. Qtz. Plag. Chlor. Biot. Musc. Zirc. Tour. O p a q  Sphn. Rutile, Anat. 

9 52.1 5.5 - 6.7 33?8 0.6 Tr. 1.3 = - - 
H L29 82.0 - - - 17.7 - - Tr. - - - 
H L26 86.5 - 4.5 - 8.7 - - Tr. - - 
SR7C-8 45 10 - 3 41 - Tr. 1 - - - 
SR76-9 4 1 5 Tr. 3 50 ' -  - 1 - - - 
~ ~ 7 6 - 1 0  48 5 3 3 40 - - 1 - - - 

SCrlc~t~c qteite 
Houston and others, 
1968) 46 7 15 3 25 - Tr. - Tr. Tr. - 

Mean of 2 mica schists 35 - 13 13 32 - Tr. 3 Tr. - Tr. 
(Houston and others 
1968) 

MEAN 52.3 3.6 5.4 5.0 31.1 Tr. Tr. 1.1 Tr. Tr. Tr. 



A v a r i e t y  o f  sedimentary s t r u c t u r e s  a r e  p resen t  i n  t he  q u a r t z i t e s  o f  

t he  Heart  Formation. These i nc l ude  sma l l -sca le ,  p l ana r  and' t r ough  c ross-  

bedding, c l i m b i n g  r i p p l e s ,  i n t e r f e r e n c e  r i p p l e s ,  symmetric r i p p l e s ,  b a l l  

and p i , l l o w  s t r u c t u r e s ,  a"d graded bedding. The q u a r t z i t e s  a t  t h e  t o p  o f  

the  f o rma t i on  a r e  coarser  g ra i ned  and g e n e r a l l y  massive t o  p lane  bedded. 

The p h y l l i t e s  a r e  w e l l  laminated ( ~ a n t h i e r ,  1979). 

The Heart  Format i on  i s  in te . rp re ted  as p rode l  t a  and d e l t a  f r o n t  sed- 

imen ts ' assoc ia ted  w i t h  a p rograd ing  mac ro t i da l  ( t ide-dominated)  d e l t a  

(F igu re  2.15) .  The laminated p h y l l i t e s  and ve ry  f i ne -g ra ined ,  a r g i l l a -  

ceous, f e l d s p a t h i c  q u a r t z i t e s  o f  t he  lower t w o - t h i  rds o f  the  Hear t  For-  

mat,ion may represen t  p r o d e l t a  bot tom-set  depos i t s  (Reineck and Singh, 

1975, p. 273) .  The presence o f  graded bedding, c l i m b i n g  r i p p l e s ,  and 

b a l l  and p i l l o w  s t r u c t u r e s  suggest r a p i d  d e p o s i t i o n  o f  sediment tempo- 

r a r i l y  thrown i n t o  suspension, perhaps a s ' a  r e s u l t  o f  s lumping on t he  

d e l t a  f r o n t  s l ope  (6 l a t . t  and o the rs ,  1972, p. 1 3 1 ;  Reineck and Singh, 

1972, p.  77;  E l l i o t t ,  1978). The coarser -g ra ined ,  sub -a rg i l l aceous ,  mas- 

s i v e  q u a r t z i t e s  a t  the  t op  o f  the  Hear t  Format ion represen t  d e l t a  f r o n t  

sediments ( ~ r i k s s o n ,  1978, E l l i o t t ,  1978) where d e p o s i t i o n  can occur  by 

g r a i n  f l o w  ( B l a t t  and o the rs ,  1972, p.  163). The occas iona l  crossbeds 

and r i p p l e  marks i n  t h e  upper p a r t  o f  t he  f o rma t i on  i n d i c a t e  sha l l ow ing  

o f  t h e  water  t o  where waves and t i d a l  c u r r e n t s  cou ld  a f f e c t  t he  s e d i -  

ments ( ~ l l  i o t t  ,, 1978). A 1 i m i  t e d  pa leocu r ren t  a n a l y s i s  ( p l a t e  2) i n d i -  

ca tes  t h a t  sediment t r a n s p o r t  was p r i m a r i l y  t o  t h e  southwest.  

Medic ine Peak Q u a r t z i t e  

The Medic ine Peak Q u a r t z i t e  conformably o v e r l i e s  t he  Hear t  Format ion 

and i s  conformably o v e r l a i n  by t he  Lookout Sch i s t .  I n  severa l  l o c a l i t i e s  

2 5 3 
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Figure 2.15 Deltaic faciss model for deposition of the Lower Libby Creak Grcup. 
1 



i t- i s  i n  f a u l t  con tac t  w i t h  younger metasediments. The q u a r t z i t e  i s  

s t ' rong ly  f o l d e d  i n  t h e  v i c i n i t y  o f  t he  French Creek Sync1 i n e   o oust on 

and Parker,  1963). The q u a r t z i t e  i s  about 1700 m t h i c k  (F igu re  2.2) and 

forms an impress ive c l i f f  i n  the  Snowy Range.. The f o l l o w i n g  d i scuss ion  

i s  f rom F lu r key  (1981). 

The Medic ine Peak Q u a r t z i t e  i s  predominant ly  a  medium- t o  v e r y  

coarse-gra ined q u a r t z i t e  w i t h  pebbly  zones and l a y e r s  o f  quar tz -pebb le  

conglomerate.  The q u a r t z i t e  ranges from q u a r t z a r e n i t e  t o  a r g i l l a c e o u s  

aren i t ;  (F igure  2.13) .  S e r i c i t e  i s  common and k y a n i t e ,  p y r o p h y l l i t e ,  
. . 

k a o l i n i t e ,  z i r c o n ,  tourma l ine ,  and i r o n  o x i d e  a r e  minor c o n s t i t u e n t s  

 a able 2.18) .  Rare ly ,  p l a g i o c l a s e  and b i o t i t e  may be p resen t .  The 

a luminos i  1 i c a t e  m ine ra l s :  s e r i c i t e ,  kao l  i n i t e ,  p y r o p h y l l  i t e  and k y a n i t e ,  

may be i n  p a r t  an i n  s i t u  a l t e r a t i o n  p roduc t  ( d i a g e n e t i c  and/or metamor- - -- . . 

p h i c )  o f  f e l d s p a r  suggest ing t h a t  p a r t  o f  t he  u n i t  was more a r k o s i c  than 

a t  p resen t  ( P e t t i j o h n  and o t h e r s ,  1972, p.  408; M i yash i ro ,  1973, P. 199).  

A h e m a t i t i c  quar tz -pebb le  conglomerate, here  named the  K lond ike  Lake 

Conglomerate, l i e s  approx imate ly  125 m below t h e  t o p  o f  t he  Medic ine Peak 

Q u a r t z i t e  (F igu re  2.2) .  The conglomerate i s  n e a r l y  17 m t h i c k . a n d  can 

be t raced  f o r  about 9 km. 

The q u a r t z i t e  i s  genera l  l y  medium- t o  th ick-bedded and massive t o  

p l ane  bedded. P lanar ,  t a b u l a r  crossbedding (average i n c l i n a t i o n  = 23.S0) 

i s  t he  p r i n c i p a l  c r o s s - s t r a t i f i c a t i o n  t ype  i n  t h e  Medic ine Peak Quar tz - .  

i t e .  Trough crossbeds, asymmetr ical  r i p p l e s ,  l a rge -sca le  low-angle 

'c rossbeds,  and' graded bedding a r e  in'f  requent.. The graded beds . a re  con- 

g l o m e r a t i c  and may show i nve rse  as we1 1 as normal g rad ing .  Pa leocur ren t  

a n a l y s i s  ( p l a t e  2) i n d i c a t e s  a  dominant southwest,  l a r g e l y  unimodal 



d i r e c t e d  c u r r e n t  system. A few ou t c rops  a r e  polymodal and one shows on- 

l y  n o r t h  d i r e c t e d  c u r r e n t s .  

TABLE 2.18. PETROGRAPHY OF THE MEDICINE PEAK QUARTZITE: MUSCOVITE COLUMN MAY INCLUDE 
PYROPI-IYLLITC AND I<AOLINITE: KL27 IC r n O M  I<LONDII<C LAI<C CONGLOMCnATC. 

Sample No. Qtz. Plag. Musc. Biot. Zirc. Tour. Opaq. Sphn. Kyanite 

LM5 99.0 - 1 .O - - - - - - 

LM6 96.0 . - 4.0 , 
- - - - - - 

LM7 100 Tr. - - - - - - 

TL13 , 91.7 -. 8.3 - Tr. - - - - 
TLP7 G3.5 a0!0 - - - ! .O - A 7 
T L  19 00.1 = 15.3 24'A 

K L6 97.0 - 2.7 - Tr. Tr. 0.7 - - 
I<L7 07.7 1.3.0 - Tr. Tr. ?r. - - - 
K L8 94.6 - 1.4 - - - 4.0 - - 
K L9 8.5 Tr. 83.1 - 1.0 6.9 - - - 

KL16 94.0 - 5 .O - Tr - Tr. - - 

KL18 90.4 - 6.6 - Tr. - 3 .U - - 

KL20 69 :3 - 24.3 - 1 .O 2.0 3.3 - - 
K L27 91.7 - 2.3 - - - 6.0 - - 

KL32 98.7 - 1.3 - - - - - - 
LL12 93.9 3.3 2.7 - - - - - - 

LL13 91.1 Tr. 7.8 Tr. - - - - Tr. 
LL14 61 .O - 38.1 - - Tr. - - - 

NG- I 90.8 - 7.9 - - - 1.3 

NG-3 89.4 - 10.6 - - - - - - 

N G 4  87.0 - 12.0 - Tr. - - - TI'. 

Sec 2 90.9 - 8 1 - - - - . - 1 .o 
Sec 2-2 91.4 - 8 .U - - - - - Tr. 

6 86.7 - 12.0 - - - Tr. - 1 .O 
0 

Mean of 8 samples 
from Houston and 
others (1968) 83 - 4 - - Tr. Tr. - 10 

Mean of 7 samples 
from Hourron anr.1 
orhers (1968) 88 - 6 - Tr. Tr. 5 .  Tr. - 

MEAN 84.7 Tr. 9.7 Tr. Tr. Tr. 1 .ti 1 r. 2.9 
. . 

A v a i l a b l e  ev idence  suggests t h a t  t h e  Medic ine Peak Q u a r t z i t e  was de- 

p o s i t e d  on t he  s u b t i d a l  t o  i n t e r t i d a l  p o r t i o n s  o f  a  t i d a l l y  dominated 

d e l t a  p l a i n  (F i gu re  2 .15) .  Stream t r a n s p o r t e d  a r k o s i c ,  a r g i l l a c e o u s  

sands a re  presumed t o  have been depos i t ed  i n  t h e  s u p r a t i d a l  zone (not  

p r e s e n t l y  seen) and reworked by t h e  mac ro t i da l  c u r r e n t s  i n  t h e  i n t e r t i d a l  



zone. The p a u c i t y  o f  f e l dspe r  i n  t h i s  u n i t  suggests f e l d s p a r  may have 

been s e l e c t i v e l y  abraded and reduced i n  g r a i n  s i z e  and thus t r anspo r ted  

w i t h  t he  f i n e r - g r a i n e d  sediments t o  lower-energy envr ionments;  i .e .  t i d a l  
. . 

f l a t s  o r  d e l t a  f r o n t  ( F i e l d  and..Pi lkey, 1969; ~ a l a z  'and K l e i n ,  1972). 

The b u l k  o f  t h e  Medic ine Peak Q u a r t z i t e  appears t o  represen t  t he  

coarser -g ra ined  and qua r t z . - r i ch  sediments t h a t  remained i n  . t h e  h i gh -  

energy i n t e r t i d a l  and s u b t i d a l  environments ( ~ a n k a r d  and Hobday, 1977; 

Bu t ton  and Vox, 1977.; E r i  ksson, 1979). Large-scal.e, low-angle crossbeds 

a r e  i n t e r p r e t e d  t o  represen t  d e p o s i t i o n  o f  sand on t he  s u b t i d a l  d e l t a  as 

l a r g e  l i n e a r  shoals  e longa te  i n  t he  d i r e c t i o n  o f  t i d a l  c u r r e n t s  (Wr ight  

and o the rs ,  19.75; K l e i n ,  1970). P lanar  and t a b u l a r  crossbeds presumably 

represen t  sand waves formed on t h e  shoals  and i n  t he  i n t e r s h o a l  channels 

i n  response t o  t i d a l  c u r r e n t s .  The dominant ly  unimodal pa leocu r ren t  d i s -  

t r i b u t i o n  i n  the  Medic ine Peak Q u a r t z i t e  sugqests t h a t  most o f  t h e  sand 

waves formed i n  response t o  e b b - t i d a l  c u r r e n t s ,  i n  keeping w i t h  the  

t i m e - v e l o c i t y  asymmetry o f  t i d a l  c u r r e n t s  ( ~ l e i r , ,  1970). No r th -d i r ec ted  

pa leocu r ren t s  i n d i c a t e  the  dominance o f  f l o o d  t i d e s  l o c a l l y .  The l o c a l  

bimodal (south-  and wes t -d i r ec ted )  pa leocu r ren t s  suggest bedforms moving 

i n  channels ( sou th -d i r ec ted )  and on shoals  (wes t -d i r ec ted ) ;  The pebbly  

q u a r t z i t e s  and .quartz-pebble conglomerates appear t o  represen t  channel 

f i l . 1  sequences ( ~ r i k s s o n , ,  1977) i n  t h e  wide, sha l l ow  s u b - t i d a l  channels.  

The o r i g i n  o f  t h e  i r on -ox ide  g r a i n s  i n  t h e  K lond ike  Lake Conglom- 

e r a t e  i s  u n c e r t a i n  bu t  t he  l a c k  o f  o t h e r  heavy m ine ra l s  suggests .a near- 

by source f o r  t h e  i r o n  ox ide  g r a i n s .  A p o s s i b l e  l o c a t i o n  f o r  i r o n  f o r -  

mat ion  d e p o s i t i o n  i s  i n  lagoons on t h e  t i d a l  f l a t s  (no t  s,een here)  com- 

monly ad jacen t  t o  t ide-dominated d e l t a s  (\on Brunn and Hobday, 1976). 



M i g r a t i n g  t i d a l  o r  f l u v i a l  channels cou ld  o c c a s i o n a l l y  r i p  up a  lagoonal 

d e p o s i t  and t r a n s p o r t  t h e  sediment o u t  i n t o  the. d e l t a .  

Lookout S c h i s t  

The Lookout S c h i s t  l i e s  conformably  between the  Medic ine Peak and 

Sugar loaf  Q u a r t z i t e s .  Th i s  u n i t  i s  about 400 m t h i c k  (F igu re  2.2) b u t  

may be t h i n n e r  o r  ahsent l o c a l l y  due t o  f a u l t i n g  ( p l a t e  1 ) .  

The Look.out S c h i s t  i q  a \ l a r i a h i e   nit c o n s i s t i n g  o f  phyl  l i t e s  and 

subarkos ic ,  a r k o s i c ,  and a r g i  1 laceous q u a r t z i t e s  (F igu re  2.13). Gra in  

s i z e  ranges f r om c l a y  t o  f i n e  sand. Quar tz  and s e r i c i t e  a r e  the  p r i n c i -  

p a l  m i n e r a l s  w i t h  v a r i a b l e  amounts o f  p l a g i o c l a s e ,  K- fe ldspar ,  c h l o r i t e ,  

b i o t i t e ,  t ou rma l i ne ,  c a l c i t e  and i r o n  ox ides   a able 2.19).  T r e m o l i t e  

and s i d e r i  t e  have a l s o  been repo r ted   ouston on and o the rs ,  1968). Fe r -  

rug inous  s c h i s t  i s  p resen t  w i t h  abundant i r on -ox ide  g r a i n s  i n  a  m a t r i x  o f  

mica and s i l t - s i z e d  q u a r t z  and f e l d s p a r .  Graded bedding i n  some o f  

these sediments i n d i c a t e s  thal :  some o f  t h e  i ro l l -ox ide y 1 d i 1 . 1 ~  ai.e J e t l - i  . 

t a l  r a t h e r  than  a  chemical  p r e c i p i t a t e .  One t h i n  metadolomi te  bed and 

one t h i c k  lense  o f  "Medicine Peak - l i ke "  q u a r t z i t e  were a l s o  observed. 

The Lookout Sch i s t  i s  s t r o n g l y  def'orn~ed (Wi 1 son, 1975; 1977) and has been 

i n t r u d e d  by many m a f i c  s i l l s .  

The p r i n c i p a l  sedimentary s t r u c t u r e  i n  t he  Lookout Sch i s t  i s  a  lami -  

naeed phyllite w i ~ l ~  pr i111dly q u d i . t z - . i - i ~ h  and m i c a - r i c h  ldycrs crosscu t  by 

one o r  more f o l i a t i o n s ,  i n c l u d i n g  p robab le  s l a t y  c leavage (Wilson, 1975). 

. I n  many l o c a l i t i e s ,  these laminae a r e  f o l d e d  and c o n t o r t e d  by .syndeposi-  

' t i o n a l  and/or t e c t o n i c  deformat ion.  I n  some p laces ,  c l a s t i c  d i kes .we re  

i n j e c t e d  ac ross  ' the  laminae (Wilson, 1975). One s y n d e p o s i t i o n a l l y  de- 

formed bed cons i s t s  o f  randomly r o t a t e d  b locks  o f  f i ne-gra ined q u a r t z i t e  



i n  a  massive m e t a s i l t s t o n e  m a t r i x .  Smal l -sca le  p l a n a r  crossbedding i s  

common i n  f i ne -g ra ined  a r k o s i c  q u a r t z i t e s ,  e s p e c i a l l y  near t he  t op  and 

bo t tom o f  t he  u n i t .  These q u a r t z i t e s  may a l s o  c o n t a i n  hummocky cross-  

s t r a t i f i c a t i o n ,  c l i m b i n g  r i p p l e s ,  and f l a t - p e b b l e  conglomerates. Sym- 

... m e t r i c  r i p p l e s ,  graded bedding, 'and ' so le  mark; ( ~ i l s o n ,  1975) have a l s o  

been observed i n  the  Lookout s c h i s t .  Pa leocur ren t  a n a l y s i s  ( P l a t e  2 ) ,  

p r i m a r i l y  f rom f i n e - g r a i n e d  q u a r t z i t e s  a t  t he  t op  o f  t h e  u n i t ,  shows a  

b imode l - 'b ipo la r ,  nor theast -southwest  d i s t r i b u t i o n .  

TABLE 2.19. PETROGRAPHY OF THE LOOKOUT SCHIST AND SUGARLOAF QUARTZITE MODES MAINLY 
FROM POINT COUNTS. , 

LOOKOUT SCHIST , 

Sample No. Qtz. Plag. K-spar. Chlor. Biot. Musc. Zirc. Tour. Opaq Sphn. Apat. Epid, Garnt. Carb. 

SR77-2 40 33 - 15 - 10 - - - - - - - 2 

LM-13 65.6 24.2 - - 10.3 - - - - - - - - 

LM-14 ' 83.4 16.0 - - - Tr. - - - - - - - - 

- - LM-16 84.4 8.9 - 6.6 - ' 
- - - - - - - 

TI24 64.1 7.6 - 2.0 - 17.4 - Tr. 8.4 - - - - - 

KL1 30.8 16.2 - - - 52.7 - Tr. - - - - - - 
6.0 
- 
3.3 

0.7 
Tr. 
- 

- 
Tr. 

Tr. 
Tr. 
0.7 

Tr. 
Tr. 

Tr. 2.1 - - - - - 

Tr. 0.8 - - - - - 
Tr. - - - - - - 
- U.5 - - - - - 

L L l 1  56.4 28.0 2.8 - Tr. 5.6 - - 5.2 - - - - - 

Mean of 6 . 
samples from 
Houston and 
others 
(19681 53 9 - 7 - 17 . Tr. Tr. 5 Tr. Tr. . Tr. Tr. Tr. 

MEAN ' 55.2 14.4 0.6 Tr. Tr. 21.4 Tr. Tr. 2.3 Tr. Tr. Tr. Tr. 0.6 

SUGARLOAF QUARTZITE 

Sample No. Qtz. Musc. Tour. Opag. 

59-33 99.0 1.0 Tr. - 

SR77-21 97 1 - 2 
SR77-22 99 - - 1 ' 

MEAN 98.3 0.7 Tr. 1.0 



The d e p o s i t i o n a l  environment o f  t he  Lookout Sch i s t  appears t o  be 

s i m i  l a r  t o  t h a t  o f  t h e  Hear t  Format ion (F igu re  . . 2 .15) .  The graded and con- 

t o r t e d  beds, c l a s t i c  d i kes ,  and laminated p h y l l i t e s  suggest . . p r o d e l t a  and 

d e l t a  f r o n t  d e p o s i t i o n  ( B l a t t  and o the rs ,  1972; Reineck and Singh, 1975; 

E l l i u L t ,  1978). The sma l l - sca le  p l ana r  and hummocky crossbeds, f l a t -  

pebb le  conglomerates, and c l i m b i n g  r i p p l e s  i n  t h e  f i n e - g r a i n e d  a r k o s i c  

q u a r t z i t e s  a t  t h e  t o p  and bot tom o f  t he  u n i t  suggest s to rm and r e v e r s i n g  

t i d a l  c u r r e n t  depos i t s  on t h e  sha l l nw  wate r  p o r t i o n  o f  t h c  d c l t a  f r o n t  

(Bourgeois ,  1980). The lense o f  "Medicine Peak-1 1 ken q11a r t7 i  t e  appears 

t o  be a  d e l t a  f r o n t  d i s t r i b u t a r y  channel f i l l  depos i t  ( ~ l l i o t t ,  1978). 

Carbonates and p o s s i b l e  i r o n  f o rma t i on  a r e  i n t e r p r e t t e d  t o  represent  spoc 

r a d i c  chemical  sed imenta t ion  i n  t h e  p r o d e l t a  bas in .  Some o f  t he  d e t r i t a l  

i r o n - o x i d e  g r a i n s  may have t he  same source as t he  s i m i l a r  g r a i n s  i n  the  

K lond i ke  Lake Conglomerate. 

Sugar l o a f  Q u a r t z i t e  

The Sl.lgarloaf Q u a r t z i t e  conformably  o v e r l i e s  the  Loirkcr~~t S c l ~ i s t  but: 

i s  i n  f a u l t  c o n t a c t  w i t h  t he  o v e r l y i n g  Nash Format ion ( p l a t e  1 ) .  The 

i s  a t  l e a s t  580 m t h i c k  bu t  i s  commonly t h i n n e r  o r  absent due 

t o  f a u l t i n g  ( L a n t h i e r ,  1979). The abrup t  disappearance o f  t h i s  t h i c k  

u n i t  a long  s t r i k e  i n  two p laces  ( p l a t e  1) i s  one o f  t he  main j u s t i f i c a -  

t i o n s  f o r  new map i n t c r p r c t ~ t i a n s  whish show 111ajor t h r u s t  f a u l t s  i n  t he  

L  i bby Creek Group. 

The Sugar loa f  Q u a r t z i t e  i s  a  monotonously w h i t e ,  medium-.grained 

q u a r t z a r e n i  t e  (:Fi.gure 2.13) .  Ser i  c i  t e ,  tourmal i ne ,  and opaque m ine ra l s  

a r e  p resen t  i n  minor  amounts  able 2.19) .  We observed th . in  beds o f  



hemat i t ic  qua r t z i t e  near the upper end of the u n i t  and Blackwelder (1926) 

reported a quartz-pebble conglomerate i n  a simi.lar s t ra t ig raph ic  posi-  

t i on .  

The dominant sedimentary s t ruc tu re  i s  medium- t o  thin-bedded plane 

beds. Other common sedimentary s t ructures include small-scale planar and 

trough crossbeds, and symmetric, interference, and c l imbing r ipp les  (Fig- 

ure 2.'16). A few larger-scale planar crossbeds were observed. Paleocur- 

rent  analysis o f  crossbedding (Plate 2) indicates t h a t  sediment t ransport  

was dominantly t o  the west-southwest. Osc i l l a t i on  r ipp les  record north-  

south and east-west current  sense (plate 2). 

The matur i ty  o f  the sediment and the abundance o f  small-scale sedi- 

mentary structures,  especially o s c i l l a t i o n  r ipp les,  suggests . . t h a t  the 

Sugarloaf Quar tz i te  was deposited i n  a shal low marine environment . The 

shallowing o f  the water i s  probably i n  response t o  progradation of a 

de l t a  system as i n  the Medicine Peak Quar tz i te  (Figure. 2.15). The abun- 

dance o f  o s c i l l a t i o n  r ipples,  however, suggests tha t  wave a c t i v i t y  was 

becoming more important as a sediment m v e r  a t  the expense o f  ebb-t idal  

cu r re r~ ts  (Rrineck eird Singh, 1975). 

UPPER L l BBY CREEK GROUP 

. The Upper Libby Creek Group i s  here defined t o  include the three 

uppermost formations o f  the metasedimentary suc~ess ion i n  the Medicine 

Bow Mountains: Nash Fork Formation, Towner Greenstone, and French Slate. 

A major change occurred i n  the sedimentation pat tern between the s i l i c i -  

c l a s t i c  (de l ta ic )  succession o f  the Lower Libby Creek Group and the more 

vari'ed l i t ho log ies  o f  the (open marine) Upper Libby Creek Group. The 



Figure 2.16. Photographs o f  the Sugarloaf Quartz i te ;  A. interference 
r i p p l e  marks from SW1/4, Sec. 31, T.17 N . ,  R.78 W . ;  trough cross- 
bedding from Sec. 35, T. 16 N. , R. 80 W. 



change i n  sedimentation i s  probably a r e f l e c t i o n  o f  evolv ing tecton ic  

condi t ions (discussed l a t e r ) .  ,:j= 1. I 

Nash Fork Formation 

As discussed e a r l i e r ,  the Nash Fork Formation i s  i n  f a u l t  conltact 

w i t h  the Lower Libby Creek Group along the Lewis Lake Fault.  The upper 

contact i s  not exposed (tiouston and others, 1968, p.36) but the Nash 

appears t o  be s t r u c t u r a l l y  conformable w i t h  the over ly ing Tower Green- 

stone (Plate 1). The u n i t  i s  a t  least  1980 meters t h i c k  (Figure 2.2) 

but o r i g i n a l l y  may have been th icker  because o f  l o s t  s t r a t i g raph i c  sec- 

t i o n  due t o  f au l t i ng ,  

The Nash Fork Formation consists predominantly o f  tan metadolomite 

w i t h  t h i c k  lenses o f  black phy l l f t e .  Rarely, t h i n  beds o f  quar tz i te ,  

metachert, f la t -pebble  conglomerate, and i ron  formation may be present. 

The most s t r i k i n g  sedimentary feature of the metadolomite is stromato- 

l i t i c  bioherms (Figure 2.171 which occur I n  a var ie ty  o f  shapes and 

sizes (Knight and Keefer, 1966, Knight, 1968). 

The metadolomite consists p r ima r i l y  o f  dolomite and quartz w i t h  var- 

iab le  amounts of plagioclase, muscovite, phlogopite, t remol i te ,  t a l c ,  

apat i te ,  and opaque minerals (Table 2.20). The phyl 1 i t e s  consist  of 

. .' 
, 0) - TY muscovite, ch lo r i t e ,  b i o t i t e  (and/or phlogopi t e )  , zoi  s i te, sphene, tremo- 

* - . r7!-, 

$$, -, l i t e ,  quartz, dolomite, and p y r i t e  and other opaque minerals  able 2.20). 

Pyr i te ,  graphite, and hematite have been observed i n  a small lense of ' , 1 '  ' , 
' t ' ,  P ,  

LI~ 
. . n w i t h i n  a large,r, black p h y l l i t e  lense  a oust on and others, 

.--.- ;;& : 8 

%id -. r : 
"t ,:,&. . *kY.,.1fGL,, , ' r d  

. - . . 8  .l -. ., 8 

- ? . , L : ,  . . .  



Figure 2.17. Stromatollte i n    ash Fork Formation i n  
local  i t y  near Prospect Lake, central Medicine Bow 
Mountains. 



Knight and Keefer (1.966) and   night (1968) mapped about 150 bioherms 

and th ree  ree fs  i n  the  met'adolomite.. The reefs.' a r e  about 60 m t h i c k  and 

perhaps a ki lome,ter i n  . length and. cons i s t  of  many bioherms. The b.ioherms 

range f rom one t o  about t h i r t y  meters t h i c k  and from th ree  t o  about t h i r - :  . 

t y  meters- long ( ~ n i ~ h t ,  1968). Knight (1968) subdivided them i n t o  sever- 

a.1, types and forms. No s p e c i f i c  organisms . . have been . ident i . f i ,ed from 

these s t r o m a t o l i t e s .  Some o f  the bioherms show evidence of  eros ion.  

Crossbedding and f l a t -pebb le  conglomerates a re  o the r  sedimentary s t r u c -  

t u res  fsund i n .  the dvlomi tes (Houston and o thers ,  !968; Kn,igh.t, 1968). 

TABLE 2.20. PETROGRAPHY OF THE UPPER LIBBY CREEK GROUP MODES FROM VISUAL ESTIMATES. 

NASH FORMATION 

Sample No. 

& C-546 
C-555 

a 59-37 z g 59-39 
u 60-57 
a 

MEAN 

v, 59-34 
' 59-38 

3 6 o a ~  

v,: MEAN 

Qtz. Plag. 
Biot. 
Phlog. 

- 
1 ' 

- 
- 
- 
Tr. 

C,hlor. Musc: Pry. 

- - - 
- 5 -. 
- Tr. - 

- - Tr. , 

5 33 - 
20 2 Tr. 

8.3 11.7 Tr. 

- 2 
- 2 
- Tr. 
- - 
- - 

Sphn. Carb. Ampti., Talc Apat. 

- 10 15 - - 
- 30 - - - 
- 35 - 20 Tr. 
- 80 - - - 

- - - 84 - 
- 47.8 3.0. 4.0 Tr. 

TOWNER GREENSTONE 

Sample No. Qtz. plag: Chlor. : Epid. ' Opag. Sphn. Carb. Amp. 

Houston and 
others (1968) 15 .- - Tr. 12 - 15 5.7 
59-36 - 5 15 7 - Tr. - 73 

FRENCH SLATE 

.Sample No. Qtz. Biot. Musc. Opag. 

MEAN 40 Tr. 49.7 10 



Fenton and Fenton (1939) suggested . . t h a t  t h e  bioherms grew i n  c l e a r ,  

s h a l l o w  wate r .  The abundant s i l i c i c l a s t i c  p a r t i c l e s  i n d i c a t e  t h a t  a t  

l e a s t  p a r t  o f  t h e  t i m e  t h e r e  was a  cons ide rab le  i n f l u x  o f  c l a s t i c  deb r i s .  

Cu r ren t  a c t ' i v i t y  i s  a l s o  shown by crossbedding,  f l a t - . pebb le  conglomerates, 

and e r o s i o n a l  scours on t he  bioherms. The presence o f  p y r i t e  an'd graphi . te  

i n  t h e  bhy l  1  i t e s  imp1 i e s  ' r e s t r i c t e d  c i r c u l a t i o n  f o r  a t  l e a s t  p a r t  o f  t he  

t i m e  (James, 1366); sugges t ing  . . v a r i a b l e  c u r r e n t s .  The i d l u x  o f  c l a s t i c  

sedi'ments; erosi.o'na1 f e a t u r e s ,  and p o s s i b l e  v a r i a b l e  c u r r e n t s  suggests t o  . . 

11s t h a t  t he  Nash Fork Format ion was d ~ . p n s i t e d  nn i n t e r t i d a l  f l a t < .  S i r n -  

i l a r  f e a t u r e s  have been descr ibed  f rom Lower P ro te rozo i c  carbonates i n  

South A f r i c a  ( ~ u t t o n  and Vos, 1977; Beukes, 1977). 

Towner Greens tone 

The Towner Greenstone i s  r epo r ted  t o  be conformable w i t h  t h e  over -  

l y i n g  French S l a t e  (Ch i l de rs ,  1957, p. 27) .  Th is  f o rma t i on  i s  180 t o  490 

meters  t h i c k   o oust on and o the rs ,  1968, p. 37) b u t  appears t o  p i nch  o u t  

t o  t h e  southwest ( p l a t e  I ) ,  perhaps due t o  f a u l t i n g .  

The Towner Greenstone c o n s i s t s  o f  massive t o  sch i s tose  amph ibo l i t e  

w i t h  severa l  smal 1 lenses o f  coarse-g ra i  ned sandstone and f i ne-gra i ned 

q u a r t z i t e s  which may be meta-cher ts .  The greenstones c o n s i s t  p r i m a r i l y  

o f  a c t i n o l i t e  w i t h  v a r i a b l e  amounts o f  c h l o r i t e ,  a l b i t e ,  ep ido te ,  carbon- 

a t e s ,  opaque m i n e r a l s  and sphene  a able 2.20).  No d i a g n o s t i c  genet i c  

f e a t u r e s  have been observed a l t hough  t he  sandstone lenses suggest an 

e x t r u s i v e  o r i g i n   o oust on and o t h e r s ,  1968) and t h e  c h e r t s  ( ? )  suggest 

mar ine  d e p o s i t i o n .  An i n t r u s i v e  o r i g i n  cannot be r u l e d  o u t .  



French S l a t e  

The French S l a t e  over1 i e s  t h e   owner Green.stone and i s  t r unca ted  by 

t h e  Mu1 l e n  Creek-Nash Fork shear zone a l e g  i t s  e ,n t i  r e  upper c o n t a c t .  

I t s  p resen t  map th ickness  i s  about 610 m. Th i s  f o rma t i on  c o n s i s t s  pr ima-  

r i l y  o f  laminated b l a c k  f e r rug inous  s l a t e  and p h y l l i t e .  The laminae 

appear p r imary  and c o n s i s t  o f  l a y e r s  c o n t a i n i n g  rough l y  equal amounts o f  

muscov i te ,  chlorite;quartz, and opaque m ine ra l s  a l t e r n a t i n g  w i t h  q u a r t z -  

r i c h .  l aye rs  w i t h  minor  muscov i te  and c h l o r i t e .  Metacrys ts  o f , ' b i o t i t e  and 

p y r i t e  a r e  common  o oust on and o the rs ,  1968). We have observed two t h i c k  

lenses o f  h e m a t i t i c  i r b n  format' ion i n  t h e  upper p a r t  o f  t he  u n i t .  The 

hemat i te  i s  i n  a m a t r i x  o f  ve ry  f i n e - g r a i n e d  q u a r t z i t e  (metacher t ) .  The 

French S l a t e  has' been complexly f o l d e d  and c renu la ted  by movement a long  

t h e  shear zone. 

The l a c k  o f  coarse c l a s t i c s  and t he  presence o f  i r o n  f o rma t i on  imply 

t h a t  t h e  French S l a t e  was depos i ted  i n  a low-energy environment.  The 

t h i ckness  o f  t he  u n i t  suggests t h a t  d e p o s i t i o n  was i n  a deep mar ine o r  

p r o d c l t a  bas in  (Reineck and Singh, 1975). 

INTRUSIVE IGNEOUS ROCKS NORTH OF SHEAR ZONE 

Baggot Rocks-type Gran i t e  

The o l d e s t  known i n t r u s i v e  rocks i n  t h e  Medic ine Bow Mountains a r e  

g r a n i t e s  and g r a n i t i c  gneisses which c rop  o u t  near Baggot Rocks i n  t he  

western Medic ine Bow Mountains; near L i n c o l n  Park i n  t h e  western p a r t  o f  

P l a t e  1 ;  and i n  the  n o r t h e r n  Medic ine Bow Mountains, near A r l i n g t o n .  I n  

t h e  Baggot Rock area, these g r a n i t i c  gneisses c rosscu t  Arch.ean quar tzo-  
. . 

f e l d s p a t h i c  gnei  sses and have y i e l d e d  an age o f  2425 - + 5 0  m-y.. ( ~ i  1 1  s 



and Houston, 1979). These rocks were named t h e  Baggot Rocks G r a n i t e  by 

Houston and . o the rs  (1968) and we use t h e  term Ba,ggot Rocks-type g r a n i t e  

f o r  t h e  L i n c o l n  Park a n d , A r l i n g t o n  g r a n i t e  bodies as w e l l  because o f  t h e  

s i m i l a r i t i e s  i n  f i e l d  r e l ' a t i o n s h i ~ s  and geochemistry.  N e i t h e r  o f  t h e  

l a t e r  two bodies has been adequate ly  dated. 

I n  a1 1 o f  these  areas. t h e  g r a n i t e s  a r e  c r o s s - c u t t i n g  i.n d e t a i  1 bu t ,  

i n  l a r g e  sca le ,  a r e  s i l l - l i k e  bodies which g e n e r a l l y  a r e  conformable w i t h  

f o l  i a t  i o n  , i n  Archean gne lss  or merasedlmentary rucks. T11.e y~ d11i L ~ S  LOI.I. 

t a i n  f o l i a t e d ,  sheared, and massive v a r i e t i e s  which a r e  complexly i n t e r -  

leaved among themselves and w i t h  the  sur round ing  coun t r y  rock and l o c a l l y  

t hey  appear t o  grade i n t o  t h e  coun t r y  r ock  through migmat i zed  zones. 

P e t r o g r a p h i c a l l y  t h e  g r a n i t e s  a r e  heterogeneous. F i gu re  2.18 shows 

compos i t ions  rang ing  . . f rom qua r t z  monzonite t o  t o n a l i t e .  (Presumably sim- 

i l a r  Baggot . . Rocks-type g r a n i t e  i n  the  S i e r r a  Madre ( .Div is,  1977) ra,nges 

, f r o m  q u a r t z  monzonite t o , g r a n o d i o r i t e . )  A l l  of these g ra ,n i tes  c o n t a i n  

moda 1 muscvv i t e  (mean = 6%; range up t o  15%) and many (9 o f  15) c o n t a i n  
. . 

modal garne t .  These m ine ra l s  would appear t o  i n d i c a t e  r e l a t i v e l y  h i g h  

aluminum c o n t e n t  f o r  these rocks.  Chemical composi t ions and normat ive  

m ine ra log ies  f o r  Baggot ~ o c k s - t ~ ~ e  g r a n i t e s  i n  the Medic ine Bow Mountains 

a r e  shown i n  Table 2.21. Aluminum con ten t  does n o t  appear t o  be as h i g h  

; as we would,have quessed f rom minera logy;  . . they ranged f rom p e r a l k a l i n e  

t o  peraluminous (Carmichael and o the rs ,  1974, p. 31) .  Th is  v a r i a t i o n  

p robab l y  re f1 ,ects  metamorphic c o n d i t i o n s ,  where a l k a l i e s  a r e  mob i l e  b u t  

aluminum i s  no t ,  r a t h e r  than any p r imary  igneous p r o p e r t i e s  o f  t he  gran-  

d t es .  



We t e n t a t i v e l y  i n t e r p r e t  t he  Baggot . . Rocks-type g r a n i t e s  i n  t h e  Medi- 

c i n e  Bow Mountains t o  be S-type g r a n i t e s  (de r i ved  from a sedimentary 

source) on t he  f o l l o w i n g  evidence ( f o l l o w i n g  Chappel and White, 1974; and 

M i l l e r  and B rad f i sh ,  1980): g r a d a t i o n a l  con tac t s  w i t h  coun t r y  rock ,  asso- 

c i a t i o n  w i t h  some migmat i tes  and pegmat i tes,  presence o f  peraluminous min- 

e r a l s  muscov i te  and garne t ,  r e l a t i v e l y  low sodium ( t r u e  o n l y  f o r  t h e  A r -  

1 i ng ton  g r a n i t e  body),  r e l a t i v e l y  h i g h  s i  1 i c a ,  h i g h  S r S 7 / S r g 6  r a t i o  f o r  

t he  Baggot Rocks Gran i te ,  and t he  somewhat . . s c a t t e r e d  na tu re  o f  isochrons 

f ;om bo th  the  Baggot . . Rocks and A r l  i ng ton .  a reas '  ( ~ i  l'l s and o t h e i s  , 1968) 

which may i nd i ca te '  mel t i 'ng f rom a heterogeneous source. 

QUARTZ o Mean of 15 samples of northern granite 

point count from King (1964) 

0 point count' (this report) 

r F a n  of 3 samples from Baggot 
Rocks (Houston and others, 1968) 

A mean of 3 samples from 
Sierra Madre (Divis, 1976) 

1 = quartz monzonite 

2 = granodiorite 

3='tonolite 

ALKALI PLAWCLASE 
FELDSPAR 

MAFlC MINERALS , ' 

- froctm of somples 
il range with mineral 

muscovite 6% T-14 15/15 
biotite .5 O/O 0-4 ,4/6 
gar net .2 O/O 0-2 9/15 
epdote trace 0-1.3 4/ 15 
magnetite .3% 0- I 8/15 

Figure 2.18. Modal compositions of Boggot Rocks-type granites. 



TAEILE 2.21 WHOLE-ROCK GEOCHEMISTRY OF GRANITIC ROCKS FROM THE 
MEDICINE BOW MOUNTAINS; ANALYST STEVE BOESE, UNIVERSITY OF 
WYOMING; 2. FROM HOUSTON AND OTHERS (1968) 

G i 0 2  
.&1203 
tiau 
lJ+O 

K2 0 
7102 , 

Fez03 
MnO 
M!l0 
p205  

H2O 
Total 

0 
Or 
A b 
An 

. . M t '  
I I 
D i 

HY. 
Cor 
AP 

*Sm 
0 1 
Ac 

1. SR79-20: Peraluminous quartzo-feldspathic gneiss from Troublesomn Ridgy  renter 
Sec. 24, T i l N ,  R82W 

2. Baggot Rocks Granite (Houston and others, 1968) - subalurninous 
3. SR59-30: Baggot Rocks - type (subaluminous) granite frnm Lincoln Park area; 

center Sec. 3, T16N. R81W 
4. K-261: Baqqot q o c l ~  tvete ipernlkfl i~~k) ~ ~ i l l l i ! e  uwilr Arllngron, IUwlb, Nt l l ,  Sac. 

31, T19N. R78W 
5. SR60-55: Peraluminous tonalite near Foote Creek: SEX, SEX, Sec. 28, T19N. 

R79W 

*Srn = "sodium metasilicate" Na2Si03 
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c .  .: . ~ .  

The ~ r l ' i n b t o n '  g r a n i t e  body i s  o f  p a r t i c u l a r  i n t e r e s t  here because i t  
. . 

i n t rudes  the  stage c;di;irig Gneiss and u n i t  2, The Rock ~ o u n t a i n  Conglom- 

. 0 . . .  
e ra te ,  o f  the Phantom Lake ~ " i  t e  but  a'ppears t o  be tmconformably ' o v e r l a i n  

. . 

by, and a source of  d e t r i  t "s  f o r ,  the  Magnolia Formation o f  the Deep Lake 

. . 
Group. ~ h u s ,  because we assume the  g r a n i t e  i s  Archean by ana l'ogy t o  the 

. . ,  

~ a ~ ~ o t  . . Rdcki d ran i te ,  'we b e 1  ieve' the Phantom Lake Metamorphic Su i te  t o  be 
.. . . 

d l d e r  than 2400-25'00'm:~; and the  Deep ~ a k e  Group t o  be Also, 
! . .  

t h i s  body', and ones 1 i ke i t ,  appear t o  have been the  source o f  g r a n i t e  

. .~ . . ( 7 .  

' r c j t k  f r a w e n t s  $"d K-feldspar found i n  the  M,agnol i a  Formation of  the One- 
. . .. . 

m i l e  creek area. was i t  a l s o  a source f o r  the  uranium? Our l i m i t e d  geo- 

chemical- data (,I2 samples) on the  A r l  i ng ton  g r a n i t e  body  a able 2.22) 

show a mean o f  2.5 pprn U (range 0.2 t o  8.8) and 17 pprn Th (range 22  t o  

49) which i s  no t  anomalously h igh  compared w i t h  "average g r a n i t e t t  compo- 

s i t i o n s  o f  about 4 pprn U, and 18 pprn Th (Gabelman, 1975; Nishimor i  and 

o thers ,  1977), .Nevertheless, - the .area . ,. . of. outcropping g r a n i t e  i s  smal l  

and more r a d i o a c t i v e  phases o f  Late Archean gran i t e  may have been present  

f a r t h e r  nor th .  As examples, g r a n i t e  i n  the Potato Creek area o f  the 

nor thern  ia ramie  Range conta in  up t o  96 pprn U,  535 pprn Ih and the Baggot 

Rocks g r a n i t e  o f  the.western Med,icine Bow Mountains was repor ted  by 

Char1 ton ( w r i t t e n  communication, 1980) t o  con ta in  up t o  5.5 ppm U and 

610 pprn Th : i n  outcrop.  

G a b b r o i c , l n t r u s i v e  Rocks 

A1 1 Precambriarr rocks i n  the. Medicine Bow Mountai.ns, wi th.  the excep- 

t i o n  o f  the  1400 may. o l d  Sherman Grani te,  a re  cross-.cut by maf Fc s i  11s. 

o r  d i kes  o f  gabbroic composit ion which have been e n t i r e l y  o r  p a r t l y  con- 

271 ... 



v e r t e d  t o  amphibol i t e  (see Houston and o t h e r s ,  1968 f o r  a  d i scuss ion  o f  

t h e  pe t rography  o f  these  rocks ) .  I n ,  t h e  Archean qua r t zo - f e l dspa th  i c  

gne i ss  t e r r a n e  o f  t he  western Medic ine Bow Mountains (F igu re  2.1),  some 

o f  th.ese d i k e s  a r e  f o l d e d  w i t h . t h e  gneisses i n t o  n o r t h -  and nor thwes t -  

t r e n d i n g  f o l d s  (Houston and o the rs ,  1968). Thi's f o l d  system has n o t  

been observed i n  o v e r l y i n g .  metasedimentary rocks (see s e c t i o n  on s t r u c -  

t u r a l  a n a l y s i s )  so t h a t  these ma f i c  bodies a r e  i n t e r p r e t e d  t o  be Archean 

-- 
i n  age. Ihe  ages o f  m a f i c  i n t r u s i v e s . w h i c h  c ross - . cu t , t he  metasedimen- 

t a r y  rocks a r e  l e s s  w e l l  cons t ra ined .  However, we p o s t u l a t e  a t  l e a s t  

two ages o f  i n t r u s i o n s ,  i n  a d d i t i o n  to  t h c  Archean i n t r u s i o n s ,  based 

m a i n l y  on g e o l o g i c  r e l a t i o n s h i p s .  

TABLE 2.22. U, Th CONTENT OF BAGGOT ROCKS-TYPE GRANITES IN THE ARLINGTON AREA, NORTHERN 
MEDICINE BOW MOUNTAINS. 

Sample No. U (pprn) Th (ppm) 

MEAN 2.53 17 

Average granite 
(Cabelman, '1975) 



Gabbroic i n t r us i ve ' s  which' c ross-cu t  t he  Phantom Lake S u i t e  and' Deep 

Lake Group %re genera l  l y  l a r g e  ( k i  lometers  long, and' severa l  'hundred me- 

ter's wide) 'phacol i t h i c  bodies whieh .we l o o s e l y  r e f e r  ' t o  as  s'i 1 1  s  b u t  

which c ross -cu t  F f o l d s  of '  bedding. l n t r u s i v e s  wh i ch . c ross -cu t  t h e  
2 

Lower L ibby Creek Group a r e  l e s s  abundant .and a r e  ma in l y  smal l  d i k e s  

. . 
( P l a t e l ) .  Large s i l l s ' r e a p p e a r  i n  t h e  Upper L ibby  Cree'k Group and i n  

areas c l o s e  t o  the  Mu l l en  Creek-.Nash Fork shear zone, some o f  which c ross-  

c u t  c a t a c l a s t i c  f o l i a t i ' o n  ' i n  t h e  shear zone. I t  i s  imposs ib le  t o  say w i t h  

c e r t a i n t y ,  b u t  s t r u c t u r a l  ev idence,  di 'scussed i n  d e t a i l  l a t e r ,  suggests 

t h a t  most. ,of  t h e  l a r g e  s i l l s  ' i n  t h e  Phantom Lake S u i t e . a n d  Deep Lake 

Group were emplaced before movement on t h e  ~ e s e r v o f r  and Lewis Lake F a u l t s ,  

and t he  Mullen'creek- ash Fork sheer zone. On geo log i c  grounds, t h e  most 

l i k e l y  t ime  o f  emplacement would have been d u r i n g  a r i f t i n g  even t ,  d i s -  

cussed i n  d e t a i l  l a t e r ,  which p'receded and accompanied f o rma t i on  o f  t he  

L'ibby Creek. Group miogeoclina.1 bas in .  . I n  c o n t r a s t ,  many 'o f  t h e  s i l l s  and 

d i k e s  - i n  c l o s e  p r o x i m i t y  t o  (and sou th  o f )  t he  shear zcine appear t o  have 

pos t -da ted  movement on t he  shear zone ( p l a t e  1 ) .  

- .  Geochemical data,  shown i n  Table 2.23, f rom t h e  v a r i o u s  gabbro ic  i n -  

t r u s i o n s  suggests a  d i ' f f e rence  between t he  s i l l s  i n  t he  Deep Lake Group 

and Phantom Lake S u i t e  and t he  i n t r u s i o n s  i n  t h e  L ibby  Creek Group. Chem- 

ica.1 analyses o f  f i v e  samples f r om f o u r  separate i n t r u s i v e  bodies i n  t he  

deep Lake Group show them a l l  t o  be q u a r t z  normat ive  t h o l e i i t i c  gabbros 

(Cox and o the rs ,  1979). F i g u r e  2.19 shows them t o  be c l o s e l y  r e l a t e d  t o  

one another  and d i s t i n c t l y  t h o l e i i t i c  bo th  on t he  a l k a l i  versus s i l i c a  

p l o t  (F igure  2.19A) and on t h e  AFM diagram (F igu re  2.19B; t h i s  f i g u r e  

a l s o  inc ludes  some p a r t i a l  analyses o f  o t h e r  i n t r u s i v e s  i n  t he  Deep Lake 



Group).  The t h o l e . i i t i c  i r o n  enr ichment  t r e n d  i s  comparable t o  t h a t  o f  

, Hawa i . ian o r  M,id-At l a n t  i c  basal  t s  ( I  r v i n e  and Ba.ragar, 1971 ) . 
Two samples f r om i n t r u s i v e s  c u t t i n g  t he  Phantom Lake S u i t e  have a l s o  

been analyzed,  and a r e  inc luded  i n  F igu re  2.19. They a r e  t h o l e i i t i c  gab- 

b ros  s i m i l a r  t o  those  o f  the Deep Lake Group. 

Analyses o f  seven samples f r om i n t r u s i v e s  i n  the  L ibby  Creek Group 

(Table 2 .23)  a l s o , f a l l  i n  t he  ge.neral c l a s s  o f  gabbros bu t  th.ey show a 

h i g h e r  average a l k a l i  con ten t  and iower average s i  l i c a  con ten t  than  t he  
. . 

Deep Lake Group.and Phantom Lake S u i t e  s i l l s .  On t h e  a l k a l i  versus s i l -  

i c a  p l o t  o f  F igure .2 .19A they  f a l l  c l e a r l y  o u t s i d e  t h e  t i g h t  f i e l d  o f  t h e  

Deep Lake Group samples. Three o f  these samples p l o t  as a l k a l i c  rocks 

(Mac~ona ld , ,1968)  d e s p i t e  c o n t a i n i n g  normat ive  hypersthene. On t he  AFM 

p l o t  t h e  L ibby  Creek Group samples aga in  f a l l  o u t s i d e  t he  f i e l d  o f  the  

Deep Lake Group samples. The i r o n  enr ichment t r end ,  a l t hough  n o t  w e l l  

de f i ned  by t h e  l i m i t e d  da ta ,  i s  i n t e rmed ia te  between those o f  t h o l e i i t i c  

and c a l c - a l k a l i n e  rocks  ( l r v i n e  and Baragar, 1971). These rocks a r e  sim- 

i l a r  t o  rocks desc r i bed  by Jakes and G i l l  (1970) as " i s l a n d  a r c  t h o l e i -  

i t e s , "  i n  t h a t  w h i l e  t hcy  a r e  normat ive  t h o l e i i t e s  they have ano~nalous ly  

h i g h  t o t a l  a l k a l i  con ten t s ,  p a r t i c u l a r l y  Na, and they  show t o o  much i r o n  

enr ichment  t o  be p r o p e r l y  c a l l e d  c a l c - a l k a l i n e .  

Analyses o f  t h r e e  samples f rom gabbro ic  i n t r u s i v e s  i n  t he  Archean 

gne i ss  a r e  a l s o  shown i n  Table 2.23. The wide v a r i a t i o n  i n  t h e i r  norma- 

t i v e  compos i t ions  and t h e i r  s c a t t e r e d  d i s t r i b u t i o n  i n  F i g u r e  2.19 i n d i -  

ca tes  a  d i f f e r e n t ,  more complex h i s t o r y  than any o f  the  o t h e r  groups con 

s i de red .  



TABLE 2.23 GEOCHEMISTRY OF MAFlC INTRUSIVE ROCKS OF THE MEDICINE BOW MOUNTAINS. SAMPLES 1.6. AND 11 ARE FROM HOUSTON AND OTHERS. 1968. 
. REMAINDER ANALYZED BY STEVE 8OESE. WHERE NO FeO VALUE 1s GIVEN TOTAL Fe IS REPORTED AS Fe203. AND Fe103/Fe0 IS ASSUMED TO BE 0.15 FOR 

NORMATIVE CALCULATIONS [COX AND OTHERS. 19791. 

PHANTOM LAKE 
ARCHEAN ROCKS SUITE DEEP LAKE GROUP I IRRY CREEK GROUP 

1 2 3 4 5  6 . 7  8 9 10 11 12 13 14 15 16 17 

Si02 

A1103 
Fez03 
Feo 
MgO 
cao 
Na,O 
K ~ O  
TiO1 

p205 
MnO 
H ~ O '  
H 10- 

co 2 

TOTAL 

0 2.46 
Or 2.31 
Ab 11.71 
Am 25.90 
Hy 22.30 
D i  17.13 
01 - 
Cor - 
Mag 3.80 
I1 1.40 

AP - 

MOLECULAR NORMS 

3.21 2.06 3.70 
1 .w 3.w I .BO 

19.00 17.00 15.00 
26.30 '31.30 29.80 
25.98 10.03 26.50 
20.70 14.80 2 1 . 1 0 '  
- - - 
- - - 

2.01 1.34 1.50 
1.60 0.60 0.80 
0.18 0.10 0.80 

1 Houston and Others. 1968. P. 51. No. 2. from an orthoemphibolite cutting quartzo.feldspathic Archesn gncirr in  NE%. Sec. 3. T.13N. R.82W. 

2 SR58-21. smphibolite from e large r i l l  cutting quartzo.feldrpethic Archean gneiss; 277O'E. 4224'N from the SW Car.. Sec. 5. T.15N. R.81W. 

3 SR586. from a large gabbroic intrusion in quartzo-feldspathic Archean gneiss; 107SE. 4205'N from the SW Cor. Sec. 15. T.15N. R.82W. 

4 ' SR60.24, from e gabbroic r i l l  cutting the Colberg Metavolcanic Rocks of the Phantom Lake Suite. 5 W E .  3050'N from the SW Cor. Sec. 31. T.18N. R.79W. 

5 SR6052. fvom e large gabbroic sill cutting the Conical Peak Ouertrile o f  the Phantom Lake Suite: 51W'E. 1610'N from the SW Cor. Sec. 33. T.19N. R.79W. 

6 Houston end Others. 1968. P. 51. No. 3. from a large gabbroic ril l cutting the Lindsey Ouartzite of thc Deep Lake Group: 2415'E. 3560'N from the SW Cor. Sec. 15. T.16N. 
R.80W. 

7 SR60-33, from a gabbroic r i l l  cutting the Cascade Ousrtzite of the Deep Lake Group; 1390.E. 2760'N o f  theSW c&. Sec. 13. T.17N. R.80W. 

8 SR61.38. from e gabbroic sill cutting the Cascade Quartzite of the Deep Lake Group; 220'E. 2W'S from the NW Cor. Sec. 35. T.17N. R.80W. 
4 SRS9-70. fmm e gabbroic sill cutting the Magnolia Formation of the Deep Lake Group; 438SE. 3490'N from the SW Cor. Sec. 23, T.16N. R.81W. 

10 GSW59.2, from the same large gabbroic r i l l  as sample 6. cutting the Lindsey Ousrtzite of the Deep Lake Group, 4385'E. 540'N from the SW Cor. Sec. 10. T.16N. R.80W. 
11 Houston and Others. 1968. P. 51. No. 1, from a disbare dikgcutting the Medicine Peek Ouartzite of the Libby Creek Group, i" the NW% Sec. 26. T.16N. R.80W. 

12 SR77-32. from a gabbroic dike cutting thesugarloaf Quartzite o f  the Labby Creek Group; 400'E. 3900'N from the SW Cur. Sm. 19. T.1GN. n.79W. 
13 SR77-28, from s gabbroic dike cutting the Sugarloaf Ouertlile of the Libby Creek Group. 380'E. 3200'N from the SW Cor. Sec. 19, T.16N. R.79W. 
14 SR77.36. from e gabbroic dike cutting the Narh Formation of the Libby Creek Group: 4600'E. I W W N  from the SW Cor. Sec. 18. T.16N. R.79W. 
15 SR77.23, from e small gabbroic dike cutting the Sugarloat Uuartzite of the Llbby Creek Gruup; 3935%. 249G'N from theSW Cor. Scc. 23. T.16N. R.78W. ' 

16 SW-1. from s large gabbroic sill cutting the Narh Formation of the Libby Creek Group. 3670'E. 1700'N from the SW Cor. Sec. 19, T.15N. R.80W. 

17 SW-3, from a gabbroic sill cutting the Medicine Peak Ouanzite of the Libby Creek Group: 41 15'E. 2240'N from the SW Cor. Sec. 26. T.15N. R.81W. 

I n  summary, we b e l i e v e  t h a t  g e o l o g i c a l  and geochemical da ta  suggest 

t he  presence o f  more than one t e c t o n i c  s e t t i n g  f o r  emplacement o f  P ro te ro -  

z o i c  ma f i c  i n t r u s i v e  rocks  and, most p robab ly ,  more than one episode o f  

i n t r u s i o n .  From geo log i c  cons ide ra t i ons ,  and by analogy t o  o t h e r  Precam- 

b r i a n  t e r ranes  i n  t h e  Wyoming Prov ince,  (Stueber and o the rs ,  1976) the  

ages o f  i n t r u s i v e  events  i n  t h e  Medic ine Pow Mountains may w e l l  be c l o s e  
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Figure 2.19. Geochemistry of gabbroic intrusives from the Medicine Bow Mountains; numbered points 
referenced to Table 2.23. A. N a 2 0  + K 2 0  versus silica; the alkalic rock-tholeiite boundary is from Mac- 
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t o  250.0. m. y .  , . 2  100-2200 m. y .  , and 1-700 m.. y . We a r e  i nc 1 i ned t o  be 1 i eve 

t h a t  most o f  t h e  l a r g e  s i l l s  i n  t h e  Deep Lake Group and Phantom Lake 

S u i t e  w i l l  p rove  t o  be penecontemporaneous w i t h  t h e  2100 m.y. o l d  e p i -  

sode which i s  a l s o  t h e  age o f  t h e  B lue Draw Metagabbro Fn t h e  B lack  H i l l s  

(Redden, 1980) and t h e  2150 m.y. N i p i s s i n g  Diabase o f  t h e  Lake Huron area 

oF t h e  Canadiar~ S h i e l d  ( ~ a i  r b a i  r n  and o t h e r s ,  1969), whereas many of  t he  

m a f i c  bod ies  c u t t i n g  t he  upper L ibby  Creek Group and rocks  south o f  t h e  

shear zone w i l l .  p rove  t o  be younger -- about 16OO=17OO m.y. As d iscussed 

t h e  n e x t  s e c t i o n ,  most o f  t h e  d i k e s  i n  t h e  Lower L ibby  Creek Group may 

be abou t  t h e  same age as o r  o n l y  s l i g h t l y  younger than t h e  s i l l s  i n  t he  

Deep Lake Group and Phantom Lake S u i t e .  I f  so, t h e  obs.erved chemical  

d i f f e r e n c e s  migh t  suggest d i f f e r i n g  compos i t i on  o f  source-magmas d u r i n g  a 

. . 
p r o t r a c t e d  r i f t i n g  even t .  

Gaps Trondhjemi t e  

The Gaps Trondhjemi t e  (Gaps "Gran i te "  o f  Houston and o t h e r s ,  1968) 

i s  a l e u c o c r a t i c  p l a g i o c l a s e - r i c h  g r a n i t i c  r ock  found a t  seve ra l  l o c a l i -  

t i e s  i n  t h e  Med ic ine  Bow Mountains ( p l a t e  1 )  and t he  S i e r r a  Madre. I t  

g e n e r a l l y  c rops  o u t  w i t h i n ,  or. i s  s p a t i a l l y  assoc ia ted  w i t h ,  gabb ro i c  i n -  

t r u s i v e  bodies which c ross - cu t  t h e  Lower L ibby  Creek Group i n  t he  Med ic ine  

Bow .Mountains. . ( I t  a l s o  i s  be l i eved  t o  c ross - cu t  t he  upper Deep Lake 

Group i n  t h e  S i e r r a  Madre.) Bodies' o f  Gaps. T rondh jemi te  ra.nge i n  s i z e  

from a few me te r s .  t o  severa l . ,  hundred meters in d iamete r .  - . 

As shown i n  Table  2.24, Gaps Trondh jemi te  cons i :s ts  p r i m a r i l y  o f  

p lagi 'oclas.  (An t o  An ) wi ' th v a r i a b l e  amounts o f  quar tz , 'mus .cov i te  ('or 8 3 4 . . 

s e r i c i t e ) ,  and opaque m ine ra l s .  B i o t i t e ,  c h l o r i t e ,  carbonate,  and e p i d o t e  



a r e  occas iona 1 l y  p resen t .  Several o f  t he  samples c o n t a i n  abundant myrme- 

k i t e .  Much o f  t h e  p l a g i o c l a s e  i s  a l b i t e  twinned and has undergone p a r t i a l  

a l t e r a t i o n  t o  s e r i c i t e .  Muscov i te  and hemat i te  a r e  common i n  some f r a c -  

t u r e s  w h i l e  carbonate  has rep laced  some o f  t h e  p lag ioc . lase .  U r a n i n i t e  

has a l s o  been found i n  f r a c t u r e s  i n  t h e  Gaps Trondhjemi te  and some samples 

o f  f r a c t u r e d  rock  have y i e l d e d  1000 .ppm U. F i gu re  2.20 shows t h a t  t he  

Gaps Trondh jemi te  ranges i n  compos i t ion  f rom t o n a l i t e  t o  d i o r i t e  ( f o l l o w -  

i n g  S t recke i sen ,  1973) b u t  we use t he  term t r o n d h j e m i t e  because most sam- 

p l e s  a r e  l e u c o c r a t i c  q u a r t z  d i o r i t e s  w i t h o u t  any a l k a l i  f e l dspa rs ;  whose 

p l a g i o c l a s e  i s  o l i g o c l a s e  o r  a l b i t e  ( ~ a r k e r  and o the rs ,  1976). 

TABLE 2.24 PETROGRAPHY O F  THE GAPS TRONDHJEMITE FROM THE MEDICINE BOW MOUNTAINS AND 
SIERRA MADRE; MODES FROM POINT C0UNTS;SlERRA MADRE DATA FROM SCHUSTER (1972). 

An content 
Qtz. Plag. Musc. tiiot. Epid. Carb. Op0q Chi. of Plag. 

MEDICINE BOW MOUNTAINS 

SIERRA MADRE 

Grand 14  6 1 ' 5  ' 3 T r  1 6 8 



Chemical analyses o f  t h e  Gaps ~ r o n d h j e m i t e  a r e  show" i n  Table 2.25. 

Compared t o  assoc ia ted  gabbros  a able 2.23), t he  t r ondh jem i te  i s  en r i ched  

i n  s i l i c a ,  sodium and potass ium (F igu re  2.21) and t i t a n i u m ,  and dep le ted  

i n  magnesium ( s l i g h t l y ) ,  manganese, and ca lc ium.  I n  s p i t e  o f  these d i f -  

ferences,  t he  AFM p l o t  (F i gu re  2.21) shows t h a t  t he  t r ondh jem i te  f o l l o w s  

t he  same i r o n  enr ichment t r e n d  as t he  L ibby  Creek Group gabbros: one 

which l i k s  c l o s e  t o  t he  l i n e  ( I r v i n e  and Baragar, 1971) sepa ra t i ng  t h o l e i -  

i t i c  f rom c a l c - . a l k a l i c  rocks.  Th is ,  combined w i t h  t he  i n t i m a t e  s p a t i a l  

a s s o c i a t i o n  i n  ou tc rops ,  suggests t h a t  t he  Gaps Trondhjemi te  i s  g e n e t i c a l -  

l y  r e l a t e d  t o  ( f e l s i c  d i f f e r e n t i a t e s  o f )  a t  l e a s t  some o f  the  gabbro ic  

b0die.s which c ross -cu t  the  L ibby Creek Group. 

0 - mean 
Q = Quartz 

AIK = Alkali Feldspar 
P= Plagioclose 
(after Strekeisen ,1973) 

n= 13 

Figure 2.20. QAP ternary diagram. for the Gaps Trondhjemite 



Attempts t o  d a t e  t h e  t r o n d h j e m i t e  have y i e l d e d  equ ivoca l  r e s u l t s .  

H i l l s  .and Houston (1979) r epo r ted  a da te  of  1755 m . y . ( +  - 215 m.y.) w i t h  

8 6. 
an i n i t i a l  8 7 S r /  S r  o f  0.723. 

8 6 
The 8 7 ~ b /  S r  r a t i o  ranges f r om 1 . 1  t o  

8 6 4.8 ( ~ i l l s ,  persona l  communication, 1980). The i n i t i a l  8 7 S r /  S r  r a t i o  

i s  anomalously h i g h  add t h e  o r i g i n  o f  t he  exce'ss rad iogen i c  s t r o n t i u m  i s  

u n c e r t a i n  ( ~ i  1 1 s and Houston, 1979). More recen t  a t tempts  . a t  d a t i n g  t h e  

t r o n d h j e m i t e  suggest an age o f  2000 m.y.  edge, personal  communication, 

1980). 

I he new 'I000 m.y. da te  appears t o  i n d i c a t e  t h a t  t he  Gaps Trondhjcmi t c  

and a t  l e a s t  some o f  t h e  L ibby  Creek Group gabbros a r e  s i g n i f i c a n t l y  o l d e r  

than  t h e  i n f e r r e d  170.0-.1800. m.y. c o l l i s i o n  and may have been r i f t - r e l a t e d  

i n t r u s i o n s .  I t  i s  i n t e r e s t i n g  t o  no te ,  here,  t h a t  t h e  Gaps Trondh jemi te  
. , 

i s  m i n e r a l o g i c a l l y  s i m i l a r  t o  p l a g i o g r a n i t e  . . d i f f e r e n t i a t e s  found i n  some 

o p h i o l i t e s  (Coleman and Peterean, 1976). Re la t i , ve  t o  t h e i r  assoc ia ted  

gabbros, t h e  Gaps Trondh jemi te  and oceanic  p l a g i o g r a n t t e s  a r e  bo th  en- 

r i c h e d  i n  s i l i c a ,  sodium, and t i t a n i u m  and dep le ted  i n  c.alcium, magnesium, 

and manganese. However, oceanic  p l a g i o g r a n i t e s  a l s o  show low Rb/Sr and 

87 86 
i n i t i a l  S r  / S r  , which t he  Gaps does n o t .  However, t h i s  d i f f e r e n c e  i n  

chem is t r y  m igh t  a l s o  r e f l e c t  emplacement o f  t he  Gaps Trondh jemi te  i n t o  a 

t h i c k  sedimentary succession. 

Perhaps t he  bes t  exp1anatio.n o f  a v a i l a b l e  da ta  i s  t h a t  t h e  s i l l s  i n  

t h e  Deep Lake Group and Phantom.Lake S u i t e  a r e  2100-2200 m.y. o l d  t h o l e i -  

i t i c  i n t r u s i o n s  r e l a t e d  t o  e a r l y  r i f t i n g  w h i l e  t he  Gaps Trondhjemi te  and 

some co -gene t i c  gabbros a r e  s l i g h . t l y , y o u n g e r  (2000 . rn .y . )~  b u t  s t i l l  r i f t - .  

re1  a t e d  gabbros which. were emplaced 0ceanwar.d and a t  .h.i'gh.er . t e c t o n i c  . 
. . . .  . . 

levels. .  Th i s  e x p l a n a t i o n  suggests t h a t  r i ' f t i n g  was a p r o t r a c t e d  event  



TABLE 2.25 GEOCHEMISTRY OF THE GAPS TRONDHJEMITE FROM THE MEDIC~NE BOW MOUNTAINS AND 
SIERRA MADRE; ANALYSTS: STEVE BOESE (1-3) AND ERIC SCHUSTER (1972;4-7). . 

. . 

MEDICINE BOWS SIERRA MADRE 

1 2 3 4 5 - 6 7 

. Si02 

A1203  
'Fe203 
MgO 
CaO 
Na20 

K2O 
Ti02 
MnO 

" 2 0 5  

Total 

Q 
0 r 
A b 
An 

H Y 
D i 
Mt 
I I 

A P 
01 
Cor 
Ac 
Ne 

MOLECULAR NORMS 

1. SR77-20: Subaluminous biotitic diorite, along Highway 130, NEX, SWX, Sec. 25, T16N. R80W 
2. SR77-48: Peralkaline diorite. near the Gap, SEX, SWX, Sec. 8, T16N. R79W 

3. AFCP-1: Subaluminous red trondhjemite, near Copperton, SEX, NWX, Sec. 31, T14N, R86W 
4. AHA-272: peraluminous gray diorite. SEX, NEX, Sec. 26,,T14N, R86W 

5. AHA-275: peral~rminous gray diorite. SEX, NEX, Sec. 26, T14NI ~ 8 6 W  
6. AHA-300: peraluminous chloritic quartz diorite,,~EX,~~E'/4. Sec. 30, T14N. R85W 

7. AHA-302: metaluminous chloritic quartz diorite. NEX, SEX, Sec. 30, T14N. R85W 



Figure 2.21. Geochemistry of the Gaps ~r0ndhjemite;'numbered points referenced to Table 2.25. A. Alkali- 
silica plot; the alkalic rock-tholeiitic boundary is from MacDonald (1968). B. AFM plot; A = N a 2 0  + 
K 2 0 ;  F = Fe203 + FeO; M = MgO; tholeiitic-calc alkalic boundary is from lrvine and Baragar (1971). 



i n v o l v i n g  e i t h e r  an evo l v ing  upper mantie magma source o r  m u l t i p l e  (he t -  

erogeneous) sources. La ter ,  1700 m.y., gabbroic i n t r u s i v e s  must a l s o  be 

present  because the shear zone and 1700-1800 m.y. volcanogenic rocks 

south o f  the shear zone a r e  cross-cut  by maf ic  bodies. 

SUMMARY OF DEPOSITIONAL ENVIRONMENTS 

Archean ~ed' imentat  i on  

The o l d e s t  rocks w i t h i n  the  metasedimentary te r rane  o f  the nor thern  

Medicine Bow Mountains, the  Stage Crossing Gneiss, i s  an a m p h i b o l i t i c  

sequence which probably con ta ins  metamorphosed maf ic  f lows,  i n t r u s i o n s ,  

and tuf faceous sediments i n  a d d i t i o n . t o  t h i n  qua r t z i t es .  and conglomer- 

a tes .  This u n i t  i s  s t i l l  o n l y  poo r l y  understood but  might  be a remnant 

o f  a once more ex tens ive  greenstone succession i n  the no r the rn  Medicine 

Bow Mountains. I t  has many l i t h o l o g i c  and s t r u c t u r a l  s i m i l a r i t i e s  t o  the  

Elmers Rock greenstone be1 t o f  the  c e n t r a l  Laramie Mountains (Gra f f  and 

o thers ,  1981) and t o  the Cont inenta l  D i v ide  Metavolcanic Rocks o f  the  

S i e r r a  Madre ( ~ a r l s t r o m  and Houston, 1981). A lso  l i k e  these areas, the 

Stage Crossing Gneiss i s  complexly in t ruded by, and i n f o l d e d  w i t h ,  s i l l s  

o f  g r a n i t i c  rocks o f  presumed Archean age. 

The depos i t i ona l  s e t t i n g  f o r  these and o the r  Archean greenstone suc- 

cessions i n  the Wyoming Province i s  no t  known. Obviously,  volcanism was 

widespread and poss ib l y  marine depos i t i on  predominated as i s  evidenced by 

l o c a l  p i l l o w  basa l t s  and marbles i n  the  S ie r ra  Madre and Laramie Moun- 

t a i n s .  
. . . . 

Th.e Phantom Lake Metam0rpti. i~ Sui te,  i n  the  e a r l  l e s t  stages o f  deposi .: 

t i 'on, was a l s o  dominated by'volcanism,and v o l c a r i i c l a s t i c  sedimentat ion. 



Contact  r e l a t i o n s h i p s  w i t h  t h e  s t r u c t u r a l l y  lower Stage Cross ing Gneiss 

a r e  ambiguous and t h e  two sequences may be c l o s e l y  r e l a t e d  i n  t ime  ( o r  

a c t u a l l y  g r a d a t i o n a l )  o r  they may be separated by cons ide rab le  h i a t u s .  

I n  t h e  Med ic ine  Bow Mountains,  we l ean  s l i g h t l y  towards t h e  former  v iew, 

t h a t  t h e  Stage Cross ing  Gneiss and o v e r l y i n g  Stud Creek V o l c a n i c l a s t i c  

Rocks were re1  a t e d  t o  t h e  same p r o t r a c t e d  v o l  cano-sed imentary depos i t i on -  

a1 ep isode.  

The Stud Creek V o l c a n i c l a s t i c  Rocks a r e  i n t e r p r e t e d  t o  c o n t a i n  p re -  

dominan t l y  s u b a e r i a l  t u t t s  and t l o w s  w i t h  minor  f l u v i a l  conglomerateS and 

s h a l l o w  mar ine c l a s t i c  carbonates.  These rocks  a r e  o v e r l a i n ,  i n  t h e  

n o r t h e r n  Med ic ine  Bow Mountains, by a  mappable conglomerate succession, 

t h e  Rock Mountain Conglomerate, c o n t a i n i n g  smal l  areas o f  r a d i o a c t i v e  con- 

g lomerate.  Th i s  u n i t  i s  o n l y  o f  l o c a l  e x t e n t  and p robab ly  was be ing  de- 

p o s i t e d  i n  p rog rad ing  a l l u v i a l  fans  ad jacen t  t o  f a u l t  scarps i n  t he  n o r t h -  

e r n  p a r t  o f  t h e  b a s i n  a t  t he  same t ime  t h a t  v o l c a n i c l a s t i c  rocks o f  t h e  

Stud Creek assemblage were be ing  depos i ted  t o  the  south.  

The Bow R i v e r  Q u a r t z i t e  i s  a  f i n e - g r a i n e d  subarkos ic  q u a r t z i t e  which 

we i n t e r p r e t  t o  be sha l l ow  mar ine sands which t ransgressed nor thward 

ac ross  t he  o l d e r  u n i t s .  I n  p laces  i n  t h e  n o r t h e r n  Medic ine Bow Mountains,  

t h e  lower Bow R i v e r  Q u a r t z i t e  appears t o  be g r a d a t i o n a l  w i t h  the  under- 

l y i n g  Rock Mountain Conglomerate sugges t ing  f l u v i a l - i n f l u e n c e d  mar ine 

d e p o s i t i o n  i n  t h e  n o r t h ,  i n  some t ype  o f  r i v e r - f e d  embayment. • 
The Colberg Metavo lcan ic  Rocks represen ts  renewed wi,despread v o l c a n i c  

a c t i v i ' t y ,  p robab ly  dominan t l y  i n  a subae r i a l  environment.  Volcanism was 

domi:nated by t h o l e i l t i c  b a s a l t  and andes i t e  f lows  accompanied by deposi -  
. . . . 

t i o n  o f  a n d e s i t i c  (and v o l u m e t r i c a l l y  minor  r h y o l i t i ' c )  t u f f s ,  q u a r t z i t e s ,  



and paraconglomerates which represent.  deb r i s  f lows i n  a1 l u v i a l  o r  submar- 

i n e  channels and fans, poss ib l y ' ad jacen t  t o  vo l can i c  h ighlands.  The 

paraconglomerates con ta in  boulders o f  g r a n i t e  so the  t e c t o n i c  environment 

contained a g r a n i t i c  source area. 

The Conical Peak Q u a r t z i t e  represents a r e t u r n  t o  depos i t i on  of  mar-. 

i n e  sands except now the  source conta ined appr'eciable mafi.c, vo1cani:c rock, 

as- suggeste.d by the increase i n  d e t r i t a l  p lag ioc lase  i;n the  q u a r t z i t e .  

~ r 6 t e i 6 i o i  c  Derjos i t i oli ' o f  ' th.e ' Dee0 ' Lake ' G ~ O U D  

Archean sedimentat ion o f  the  Phantom Lake Su i te  was fo l lowed by i n -  

t r u s i o n  o f  g r a n i t i c  s i l l s  i n  several  areas of  the Medicine Bow Mountains 

accompanied by reg iona l  metamor,phism about 2500 m.y. ago. This  orogenic 

ep i  sode, contemporaneous w i t h  the Kenoran Orogeny o f  the  Superior Prov- 

ince, marks the end o f  the Archean (permobi l e )  t e c t o n i c  regime (Dewey 

and Burke, 1973) and the  beginning o f  a t e c t o n i c  regime more l i k e  t h a t  

ope ra t i ng  today, w i t h  la rge ,  s t a b l e  con t i nen ta l  b locks.  The newly s ta -  

b i l i z e d  ~ y o m i n g  c ra ton  was u p l i f t e d  and eroded sometime a f t e r  2500 m.y. 

and provided d e t r i t u s  f o r  depos i t i on  o f  the  Deep Lake Group. 

The Deep Lake Group cons i s t s  o f  t h ree  broad sedimentary sequences 

o r  cyc les  separated by d i sconformi t i e s   ouston on and Kar l  s t  rom, 1979b) : 

a f ining-upwards f l u v i a l  assemblage.(Magnolia and Lindsey Formations);  

a  mixed f l u v i a l  and marine succession (Campbell Lake and C.ascade Quartz-  

i t e ) ;  and the beginnings o f  ex tens ive  g lac iomar ine depos i t i on  (Vagner 

~ o r m ~ t i o n )  which. also: i s  represented . i n  the Lower Li;bby Creek Group. 

Th.e e a r l  i e s t . ~ r o t e r o z o i c  sediments a r e  i n  th,e Conglomerate Member 

o f  the Magnol i'a Format ion. ~hes.e rocks con ta in  uran fum-bearing. quar tz -  



pebb le  conglomerates and a re  i n t e r p r e t e d  by us t o  represen t  a l l u v i a l  fans 

wh ich  developed on f a u l t  scarps bounding a b ra ided  t r u n k  r i v e r  system 

wh i ch  f lowed southwest.  The Q u a r t z i t e  Member i s  t h i c k e r  and more l a t e r -  

a l l y  con t inuous  than  t h e  Conglomerate Member and i s  i n t e r p r e t e d  t o  be t he  

b r a i d e d  t r u n k  r i v e r  depos i t s .  The L indsey Q u a r t z i t e  g r a d a t i o n a l l y  over -  

l i e s  t h e  Magnol ia  Format ion and represen ts  con t inued ,  bu t  lower energy, 

f l u v l a l  sed imenta t ion .  l h i s  e n t i r e  sequence, Magnol ia through L indsey,  

15 a f i u v i a l  t ~ n ~ n q - u p w a r d  s t r a t i f i c a t i o n  seqr1enr.e ( ~ ~ c l e  1 o f  Ka r l s t r om 

and Houston, 1979b). 

Depos i t i on  o f  paraconglomerates o f  t he  Campbell Lake Format ion 

(which a r e  i n t e r p r e t e d  t o  be d e b r i s  f l o w s )  represen ts  i n t e r r u p t i o n  o f  

t he  f in ing-upwards  t r end .  Th i s  was p robab ly  caused b y  movement a long  

bas in-bounding f a u l t s  and d e p o s i t i o n  on a l l u v i a l  fans.  ( I t  m igh t  a l s o  

rep resen t  a  f i r s t ,  and minor , 'pu lse  o f  g l a c i a l  o r  g l ac i omar i ne  sedimenta- 

t i o n . )  The Campbell Lake Format ion and Cascade Q u a r t z i t e  form a sedimen- 

t a r y  package (Cyc le  2 of  Ka r l s t r om and Houston, 1373b) which U I - I L O I I ~ U ~  HI- 

a b l y  o v e r l i e s  t he  L indsey Q u a r t z i t e  i n  t h e  c e n t r a l  Medic ine Bow Mountains, 

t h e  Magnol ia  Format ion t o  t he  no r theas t ,  and Archean rocks f a r t h e r  n o r t h -  

e a s t  and southwest (Platc 1 ) .  Thc Cn3r.rrlJe Q L I ~ I  l ~ i  ~ t .  i s  i r ~ t a r p r e r e d  e o  

I n c l u d e  boeh f l u v i a l  and sha l low mar ine d e l t a i c  depos i t s  which were l a i d  

down i n  a  sou thwes t -nor theas t  t r e n d l n g  bas in .  

The Vagner Format ion unconformably o v e r l i e s  t he  Cascade and i s  i n t e r -  

p r e t e d  t o  be a g l ac i omar i ne  depos i t  which appears t o  be p a r t  o f  a  l a r g e r  

g lac iomar ine .  sequence t h a t  i nc l udes  the o v e r l y i n g  Rock Kno l l  and Head- 
. . . . .  . . 

q u a r t e r s  Format ions.  On s t r u c t u r a l  grounds, we be1 i eve  t h e r e  i s  a  major 

f a u l t  sepa ra t i ng  t h e  autochthonous Vagner f rom a l loch thonous  o r  para- 
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autochthonous Rock Knol l .  and Headquarters. However, i n  s p i t e  o f  probable 

apprec iab le  t e c t o n i c  t ranspor t  a long t h i s  f a u l t ;  u n i t s  above and below 

appear t o  re.present very s i m i l a r  depos i t i ona l  environments. Therefore, 

the  ~ a ~ n e r w i l l  be discussed along w i t h  ove r l y i ng  uni , ts  i n  the  next  

sect  ion. 

Pro terozo ic  D e ~ o s i t i o n ' o f ' t h e ' L o w e r  Libb3'CreeR GrouD 

  he Lower Li.bby Creek Group conta ins  .two major sedimentary assem- 

blages: . a  glaciomar ine success ion  (Rock Kno l l  and Headquarters Forma-' 

t i o n s )  and a de l ' t a i c  succession ( ~ e a r t  Formation, Medi:cine Peak Q u a r t z i t e ,  

Lookout Sch is t ,  and Sugarloaf Q u a r t z i t e )  which records marine regress ions 

and . t ransgress ions  across a major d e l t a  system. The two a re  obv ious ly  

c l o s e l y  r e l a t e d  and, i n  f a c t ,  s i m i l a r  d e l t a i c  sedimentat ion  i n  a i sma l l  

ocean bas in  may go back as f a r  as Cascade d'epos i t ion  i n  the  Deep Lake 

Group. The i c e  apparent ly  advanced down the  r i v e r  and d e l t a  system which 

formed the Cascade depos i t i ona l  basin and then advanced and re t rea ted  sev- 

e r a l  t imes d u r i n g  Vagner, Rock Kno l l ,  and ~ e a , d ~ u a r t e ' r s  depos i t ion .  F ina l  

r e t r e a t  o f  the g l a c i e r s  ( i c e  cap o r  i ce  s h e l f )  sometime before  o r  du r ing  

Heart depos i t i on  i s  probably r e l a t e d  t o  co~ i ib ina t ion  o f  c l i m a t i c  change 

toward warmer cond i t i ons  and cont inued r i f t i n g  and opening o f  the  small 

ocean bas in  i n  which the  Lower Libby' Creek Group miogeoc l ina l  sediments 

were deposited. I s o s t a t i c  e f f e c t s  due t o  advance and r e t r e a t  o f  g l a c i a l  

i c e  may have been important c o n t r o l s  o f  marine trans:gressions and - re-  

gress ions: th.roughout Lower L i  bby Crekk. Group depos'i t ion  but  these e f f e c t s  

cannot be assessed w i t h  present in format ion.  



Glaciomarine sedimentat ion o f  the  Vagner, Rock Kno l l  and Headquarters 

Formations was q u i t e  complex, and the r a p i d  f a c i e s  changes i n d i c a t e  h i g h l y  

changeable sedimentary cond i t i ons ,  as might be expected i n  a g l a c i a l  env i -  

ronment. The basal paracong lomerate o f  the Vagner i s  reasonab.1~ cont  i nu-. • 
ous and conta ins  dropstones which a r e  i n t e r p r e t e d  t o  be debris.  dropped 

f rom f l o a t i n g  icebergs. Subsequent u n i t s  i n  t he  Vagner inc.lude c l e a r l y  
. . 

marine carbonates and phy l  1 i tes .  Rock Knol l  depos i t  ion  o f  f 1uvi.al and 

d e l t a i c  sands i s  i n t e r p r e t e d  t o  be r e l a t e d  t o  g lac iomar ine processes be- 

cause i t  i s  sandwiched between the  Vagner and o v e r l y i n g  Headquarrers. 

Headquarters d e p o s i t i o n  inc luded several  paraconglomerates, probably 

r e l a t e d  t o  advance o f  g l a c i a l  i c e  (Sy lves ter ,  1973), p l a g i o c l a s e - r l c h  

arkoses, and laminated s i l t s .  T u r b i d i t e  s t r u c t u r e s  Sn some paraconglom- 

e r a t e s  i n d i c a t e  d e p o s i t i o n  on a slope and Kurtz  and Anderson (.19.79) .s.ug- 

gested t h a t  t he  Headquarters Formation had many s i m i l a r i t i e s  t o  cont.in- 

e n t a l  s lope depos i t s  o f f  Antarctica. We p r e f e r  a nearer-shore environ-.  

ment because we be1 ieve t h a t  both the under l y ing  Cascade and o v e r l y i n g  

Heart a re  r e l a t e d  t o  d e l t a i c  sedimentat ion. Therefore, we pos tu la te  an 

i c e - f i l l e d  f j o r d - l i k e  environment w i t h  cont inued d e l t a i c  sedimentat ion 

and prodel  t a  slumping and t u i b i d i  ty, but  now in f luenced by g l a c i a l  mass- 

movement processes. 

D e l t a i c  sedimentat ion of the Heart,  Medicine Peak, Lookout and Suqar- 

l o a f  (F igure 2.15) represents marine regression,  t ransgression,  and re-  • 
newed regression.  The Heart Formation i s  i n t e r p r e t e d  t o  be a p rode l ta  

and d e l t a  f r o n t  depos i t ;  seas regressed p r i o r  t o  depos i t i on  o f  the  Medi- 

c ine.  Peak. Quar t z i ' t e  which represents main ly  i n t e r t i ' d a l  d e l t a  p l a i n  depo- 
. . 

s i t s ;  seas transgressed t o  depos i t  the  Lookout Sch is t  which. i s  s i m i l a r  



t o  the Heart and i s  i n t e r p r e t e d  t o  he main ly  d e l t a  f r o n t  and p r o d e l t a  

depos i ts ;  and the  Sugarloaf represents another regress ion  and re-estab- 

l ishment o f  shal low water d e l t a  p l a i n  sedimentat ion. 

The Upper Libby Creek. Group represents a major change..f rom the  d e l -  

t a i c  sedimentat ion i n  the  Lower Libby Creek Group. Again, we i n f e r  a 

major t h r u s t  f a u l t  between the  two sequences (.Plate 1 )1 so we d o n ' t  know 

how much t ime o r  d is tance separated the  two. Th'e lower u n i t  i n  the  Upper 

Libby Creek Gruop i s  the Nash Fork Formation, a d o l o m i t e - p h y l l i t e  u n i t  o f  

undoubted marine o r i g i n .  This  i s  fo l lowed 'by . the  owner Greenstone, . 

which 'may bela s e r i e s  o f  submardne . f l o w s  (although.. no pi. 1 l ous  have been: 

found), and the French Slate,  wh ich-was.a  'deep wa te r , . b lack .sha le  u n i t ;  

Thli n  and d i scont inuous. i.ron format ions .  crop.  ou t  i n both. the  Nash and the  

French. S 1 a te .  

We i n t e r p r e t  the  Upper Libby Creek Group t o  represent  open marine 

sedimentat ion. The Nash Fork Formation i s  bel- ieved t o  be i n t e r t i d a l  be- 

cause of  the  h igh  c l a s t i c  quar tz  content  and the presen'ce o f  stromato-. 

'1 i tes .  The French . S l a t e  i s  i n t e r p r e t e d  t o  represent o f f -shore ,  deep wat .-: 

t e r  c l a s t i c  sedimentat ion. I n  general ,  the Upper Libby Creek Group ap- 

pears t o  represent cont inued, bu t  slower, subsidence o f  the  con t i nen ta l  

s h e l f  f o l l o w i n g  r i f t i n g  (Dickinson, 1974). The appearance o f  vo l can i c  

( ? )  rocks o f  the Towner Greenstone and depos i t i on  o f  b lack shales.may be 
. . 

r e l a t e d  t o  i s l and  a r c  volcanism t o  the south du r ing  Lower ~ i b b ~  Creek 

Group depos. i t ion bu t  t h i s  i s  c o n j e c t u r a l .  



MODELS FOR DEPOSITION OF METASEDIMENTARY ROCKS IN THE MEDICINE BOW 

MOUNTA 1 N S 

I n  go ing  f rom d e s c r i p t i o n s  o f  mapped u n i t s  and sedimentary f e a t u r e s  

t o  d i s c u s s i o n  o f  d e p o s i t i o n a l  environments,  we made a  l a r g e  i n t e r p r e t i v e  

s tep .  Th i s  s e c t i o n  takes  t he  even l a r g e r ,  and wobb l i e r  s t e p - o f  propos- 

i n g  models t h a t  t r y  t o  u n i f y  ou r  s t r a t i g r a p h i c  and sediment.ologica1 ob- 

s e r v a t i o n s  'and i n t e r p r e t a t i o n s  i n t o  a  coherent  p i c t u r e  o f  e a r l y  Precam- 

b r i a n  sed imenta t ion .  We emphasize two aspects  o f  e a r l y  ~ r e c a m b r i a n  

h I srory . 
1 .  Severa l  aspec ts  o f  t h e  sedimentary  and t e c t o n i c .  r eco rd  i n  south- 

e r n  Wyoming suggest c r a t o n i c  marg in  sed imenta t ion  and p l a t e  t e c t o n i c s  

d u r i n g  t h e  E a r l y  P r o t e r o z o i c .  The b e s t  l i n e s  o f  evidence a r e  t h a t  E a r l y  

P r o t e r o z o i c  L i bby  Creek Group metasediments have many s i m i l a r i t i e s  t o  

m i o g e o c l i n a l ,  pass i ve  p l a t e  marg in  successions and t h a t  these m iogeoc l i na l  

sediments a r e  jux taposed a g a i n s t  h i g h l y  deformed l a t e  E a r l y  P r o t e r o z o i c  

eugeocl  i n a l  rocks  and synorogenic  i n t r u s i v e s  across a  niajor shear .zone. 

T h i s  g e o l o g i c  d i s c o n t i n u i t y ,  p l u s  p ro found  geochronolog ic  d i s c o n t i n u i t y ,  

ac ross  t h i s  shear zonc suggest c r a t o n - i s l a n d  a r c  c o l l i s i o n a l  orogenesis  

about  1700 m.y. ago (d iscussed  l a t e r ;  a l s o  see H i l l s  and Houston, 1979; 

Houston and Kar ls t rom,  1980). Working backwards from the  i n f e r r e d  c o l -  

l i s i o n ,  and f rom sedimentary ev idence,  t h e  metasedimentary succession i s  

i n t e r p r e t e d  t o  represen t  p r o g r e s s i v e l y  deeper water  sed imenta t ion  on a  

pass ive ,  t r a i l i n g  c o n t i n e n t a l  edge. Pa leocur ren ts  i n d i c a t e  t h a t  f l u v i a l  

and d e l t a i c  sed imenta t ion  took  p l a c e  on a  p e r s i s t e n t  southwest pa leo-  

s lope ,  which i s  p a r a l l e l  t o  t h e  p resen t  marg in  and, i n f e r e n c i a l l y ,  t h e  

P r o t e r o z o i c  marg in  o f  t : ~ e  Wyoming Prov ince.  Pa leocur ren ts . .para l  l e l  t o  



the  c r a t o n i c  macgin'appear t o  requ i re  a's 'outhern h igh land bounding Ear l y  

Proterozoic.miogeoclinal sedimentat ion. B y . t h i s  l i n e  o f  reasoning, and 

the  presence o f  t h i c k  t h o l e i i t i c  s i l l s  i n  the  Deep Lake Group, we postu- 

l a t e  i n t r a c r a t o n i c  r i f t i n g  and subsidence o f  the  con t inen ta l  s h e l f  as 

the t e c t o n i c  s e t t i n g  f o r  Deep Lake and Libby Creek Group depos i t ion .  

2. Ea r l y  Precambrian sedimentat ion the  wor ld  over appears t o  re- 

cord important evo lu t i ona ry  trends i n  t e c t o n i c  regimes, atmospheric and 

hydrospheric composition, and b i o l o g i c  a c t i v i t y .  Three t rends are  i m -  

po r tan t  t o  t h i s  d iscussion.  F i r s t ,  about 2500 m.y. ago there  was a  

change from permobi le Archean tec ton ics ,  charac ter ized by abundant vo l -  

canism and widely d i s t r i b u t e d  deformations, t o  an Ear l y  Pro terozo ic  tec- 

t o n i c  regime charac ter ized by l a rge r ,  s tab le  c r a t o n i c  b locks and concen- 

t r a t i o n  o f  deformation along c r a t o n i c  margins. Second, there  was a change 

sometime dur ing  the Ear ly  Pro terozo ic  from anoxygenic atmosphere and 

hydrosphere, i n  which d e t r i  t a l  u r a n i n i  t e  and p y r i t e  were s tab le  and t rans-  

po r tab le ,  t o  more oxygenated surface cond i t ions  under which these heavy 

minera ls  could not  be t ranspor ted and concentrated. Th i rd ,  l a rge  volumes 

o f  i rnn format ion accumulated dur ing  the l a t e  Ear l y  Pro terozo ic  on a  

scale not  seen before  on ear th .  The appearance o f  these Pro terozo ic  

i r o n  formations i s  genera l ly  be l ieved t o  be r e l a t e d  t o  atmospheric and/or 

b iospher ic  evolut ' ion.  I n  a d d i t i o n  to. these world-wide evo lu t i ona ry  

trends, many Ear l y  Pro terozo ic  metasedimentary successions i n  Nor th  Am- 

e r i c a ,  i nc lud ing  the  Medicine Bow Mountain succession, record evidence 

o f  g l a c i a l  a c t i v i t y ,  perhaps due t o  a  con t inen ta l - sca le  g l a c i a t i o n .  We 

propose t h a t  the world-wide evo lu t i ona ry  character  o f  E a r l y  Precambrian 

sedimentat ion and tec ton ics  combined w i t h  cont inent-wide c l i m a t i c  and 



t e c t o n i c  even ts  i n  N o r t h  America c rea ted '  an " idea ' l  i z e d  s t r a t i g r a p h y "  f o r  

L a t e  Archean and E a r l y  ~ r o t e r o z o i  c metased imenta r y  success ions throughout  

N o r t h  America wh ich  i n v o l v e d  sequencia l  d e p o s i t i o n  o f  severa l  key l i t h -  

o l o g i e s :  vo lcano-sedimentary  u n i t s , .  uran ium-bear ing conglomerate,  t i l -  

l i t e ,  a luminous q u a r t z i t e ,  s t r o m a t o l i t i c  do lomi te ,  and i r o n  f o rma t i on .  

These l i t h o l o g i e s ,  i n  approx imate ly  t h i s  o r d e r ,  a r e  recogn izab le  i n  many 

p laces  i n  N o r t h  America, e s p e c i a l l y  a l ong  t he  southern marg in  o f  what we 

c o n s i d e r  t o  be a l a r g e  p ro to -No r th  American c o n t i n e n t ,  and p r o v i d e  means 

f o r  I i t h o s t r a t i g r a p h i c  c o r r e l a t i o n s .  o f  E a r l y  P r o t e r o z o i c  metasedlmentary 

rocks  i n  N o r t h  America. 

PLATE TECTONIC MODEL FOR LATE ARCHEAN AND EARLY PROTEROZOIC SEDIMENTATION 

I N  SOUTHEASTERN WYOMING 

T h i s  s e c t i o n  develops a p l a t e  t e c t o n i c  model f o r  d e p o s i t i o n  o f  meta- 

sedimentary  rocks  o f  t h e  n o r t h e r n  Med ic ine  Bow Mountains and S i e r r a  

Madre. I f  t he  orogenes Is 1700 m ,  y .  agn i n v n l v ~ d  r r a t n n  ir. masg i t i -  I s l and  

a r c  c o l l i s i o n  (d iscussed  l a t e r ) ,  what was t h e  n a t u r e  o f  t h e  c r a t o n i c  

marg in  and what was t h e  p r e - c o l l i s i o n  h i s t o r y  o f  t h a t  marg in? 

P l a t c  margin sed imenta t ion  i n  sou theas te rn  Wyoming may go back as  

f a r  as L a t e  Archean d e p o s i t i o n  o f  t h e  Phantom Lake Meramorphlc S u l t c ,  

a1 ~ h u u y t i  L t ~ i s  i s  s ~ i  11 ~ u ~ ~ j e c L u ~ * a l .  Tile Plrantcrm Lake S u i t c  03 a u n i t  i s  

somewhat anomalous w i t h  respect  t o  most o t h e r  La te  Archean sup rac rus ta l  

success ions i n  t h e  Wyoming Prov ince  i n  t h a t  i t  con ta ins  a s i g n - i f i c a n t  

percentage o f  mature s i  1 i c i . c l a s t i c  sediments, i n c l u d i n g  r a d i o a c t i v e  con- 

g lomerates and t h i c k  mar ine q u a r t z i t e s ,  i ns tead  o f  be ing  dominated by 

vo lcanogen ic  rocks.  The shape o f  t h e  Phantom Lake S u i t e  d e p o s i t i o n a l  



bas in  i s ' n o t  known but  very s i m i l a r  rocks are  f o u n d . i n  the  Medicine Bow 

Mountains and S i e r r a  Madre suggesting' t h a t  the  .basin had a minimum area 

something 1 i k e  i s  shown i n  Figure 2.22A. ' Proximal., a1 l u v i a l  fan sed i -  

ments, conta in ing  rad ioac t i ve  conglome'rates a r e  found i n  the  nor theast  

Medicine Bow Mountains and northwest S i e r r a  Madre and these are i n t e r -  

p re ted t o  be basin edge deposi ts  r e l a t e d  t o  f a u l t i n g  along.basin-bounding 

highlands. A few i s o l a t e d  outcrops o f  Phantom Lake S u i t e  rocks crop ou t  

i n  the  gne iss i c  te r rane between the Medicine Bow an.d S i e r r a  Madre depo- 

s i t i o n a l  centers so we show a cont inuous bas in  i n  F igure 2.22A connect ing 

the two ranges. Paleocurrent  data from the Medicine Bow Mountains show 
. . 

bimodal, northeast-southwest d i rected '  paleocurrents which we i n t e r p r e t  

t o  be ebb and f l o o d  t i d e s  on a southwest paleoslope i n  a dominantly mar- 

ine s e t t i n g .  Paleocurrent 'data from the S i e r r a  Madre a re  sparse but  the 

f l u v i a l  conglomerates appear t o  have been der ived from the nor th .  

F igure 2.22A a l s o  shows t h a t  the  present southern boundary o f  the 

Wyoming Province has three .other outcrop areas o f  Archean supracrus ta ls  

along it: the  Elmer 's  Rock greenstone be1 t o f  t he  .Laramie Range ( ~ r a f f  

and others,  1981), the Walen Group o f  the H a r t v i l l e  Up1 i f t  (Snyder, 1980). 

and un-named, probable ~ r c h e a n  sch is t s  i n  the B l  aCk H i  1 1 s (Redden, 1980) . 
E x i s t i n g  geochronologic data i n d i c a t e  t h a t  these successions are  a l l  Late 

Archean ( o l d e r  than about 2600 m.y..) a1 though they are  no t  necessari  l y  
, 

t he  same age. The H a r t v i l l e  succession conta ins t h i c k  carbonates i n t e r -  

bedded w i t h  vo lcan ics  and, l i k e  the  Phantom Lake Sui te,  i s  not  a t y p i c a l  

greenstone succession. The Elmer's Rock succession, however, i s  a green- 

stone b e l t  and we are  faced w i t h  the  p o s s i b i l i t y  o f  broadly contempora- 

neous depos i t ion  o f  marine c l a s t  i c s  (phantom Lake Sui te)  , vo l  can i cs 
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( ~ l m e r ' s  ~ o c k )  , and carbonates ( ~ a r t v i  1 l e )  w i t h i n  a  r e l a t i v e l y  smal l  a res .  

One p o s s i b i l i t y  f o r  such r a p i d  change i n  t e c t o n i c  and sedimentary regimes 

i s  a  f o r e - a r c  s e t t i n g ,  which can c o n t a i n  f a i r l y  smal l  d e p o s i t i o n a l  bas ins  

and d i v e r s e  t e c t o n i c  s e t t i n g s .  ( ~ a m i  1  ton,  1979). T h i s  p o s s i b i  1 i t y  i s  p re -  

sented i n  F i g u r e  2.22A s imp ly  as food  f o r  thought .  The bas ins .m igh t ,  

e q u a l l y  w e l l ,  be back-arc bas ins  b u t  we do t h i n k  t h e r e  a r e  severa l  a t -  

t r a c t i o n s  t o  a  model which p o s t u l a t e s  d e p o s i t i o n  o f  sou theas te rn  Wyoming, 

La te  Archean s u p r a c r u s t a l s  south o f  a  compos.ite a r c  system. T h i s  mode1 

p rov ides  some e x p l a n a t i o n  f o r  t h e  observed age d i f f e r e n c e s  between a c o r e  

area and marg ina l  areas o f  t h e  Wyoming Prov ince ;  i t  p rov ides  a mechanism 

f o r  format  i o n  o f  La te  Archean uran I um-r lch g r a n i t e s  o f  t h e  Gran i t e  and 

n o r t h e r n  Laramie Mountains by p a r t i a 1 , m e l t i n g  o f  o l d e r  f ragments o f  Ar- 

chean f e l s i c  c r u s t ;  i t  he lps  e x p l a i n  t h e  w ide  d i v e r s i t y  o f  Archean s t y l e s  

o f  sed imenta t ion  i n  t h e  Wyoming Prov ince ,  some rep resen t i ng  back-arc  o r  

i n t r a - a r c  volcano-sedimentary bas ins ,  o t h e r s  rep resen t i ng  f o re -a rc  o r  

c r a t o n i c  marg in  bas ins ;  i t  p rov ides  a mechanism f o r  pe rvas i ve  L a t e  Ar- 

chean deformat ion ,  re1 a ted  t o  c l o s i n g  o f  smal l  bas i n s  d u r i n g  a r c - a r c  and 

c ra ton -a rc  c o l l i s i o n s ;  and i t i s  p h i l o s o p h i c a l l y  s a t i s f y i n g  t o  p o s t u l a t e  

t h a t  t h e  l a t e r ,  E a r l y  P ro te rozo i c ,  p l a t e  marg in  processes o f  r i f t i n g  f o l -  

lowed by c o l l i s i o n a l  orogenesis  t ook  p l a c e  a long  o r  p a r a l l e l  t o  o l d e r  

zones o f  c r u s t a l  weakness. 

A h y p o t h e t i c a l  southern c o n t i n e n t a l  b l o c k  o r  Archean a r c  complex 

south o f  the  L a t e  Archean bas ins  o f  southwestern Wyoming i s  shown i n  

F i g u r e  2.22A f o r  severa l  reasons. . P r i m a r i l y ,  i t  p rov ides  a b l o c k  t o  r i f t  

away d u r i n g  o u r  p o s t u l a t e d  E a r l y  P r o t e r o z o i c  r i f t i n g  (a l t hough  a smal l  

fragment o f  c o n t i n e n t a l  c r u s t  analogous t o  Ba ja  C a l i f o r n i a  wou1.d do as 



w e l l ) .  Also, an Archean a rc  prov ides an exp lana t i on  f o r  nappe- l ike Ar- 

chean f o l d s  i n  Phantom Lake S u i t e  rocks and under l y ing  "basement" gneis- 

ses which have a x i a l  planes t h a t  d i p  s teep ly  t o  the  no r th  and cou ld  have 

tormed du r ing  an a rc -a rc  c o l l  islon across. a  no r th -d lpp lng  subduction zone 

i n  t h e  Late Archean. 

Deep Lake Group sedimentat ion represents an appreciable change i n  

t e c t o n i c  and sedimentary regimes from the  Phantom Lake s u i t e .  The basal 

u n i t ,  the Magnol ia Formation, i s - . i n t e r p r e t e d  by us t o  be f l u v i a i  sedi -  

ments, bo th  a1 l u v i a l  fans 'and bra ided r i v e r  depos i ts ,  which were .deposi- 

t ed  unconformably on La te  Archean g r a n i t e s  and fo lded  Phantom Lake S u i t e  

rocks. The h i a t u s  represented by the  angular  unconformi ty  i s  o f  unknown 

du ra t i on .  F l u v i a l  sedimentat ion appears t o  have cont inued through a t  

l e a s t  the 'upper  Lindsey Quar t z i t e  and probably some o f  the  Cascade i s  

a l s o  f l u v i a l .  As cartooned i n  F igu re  2.228, we p o s t u l a t e  an i n t r a c r a - .  

t o n i c  fault-bounded basin,  probably an i n c i p i e n t  r i f t  system, f o r  Mag- 

n o l i a  depos i t ion .  By Lindsey t ime, the western ( S i e r r a  Madre) p a r t  o f  

t he  bas in  appears t o  have opened enough t o  permi t  marine depos i t i on  of  

the  c o r r e l a t i v e  Singer  Peak Formation. The aulacogen shown i n  the south- 

e r n  b lock,  l i k e  the  southern b lock  i t s e l f ,  i s  s t r i c t l y  hypo the t i ca l .  

The r i f t i n g  s t o r y  du r ing  upper Deep Lake Group and lowest Libby 

C.re~k  Croup dcpos i t i on  i s  complicated by advance o f  con t i nen ta l -qca le  

g l a c i e r s  down the  Medicine Bow sedimentary bas in  and perhaps across the  

newly forming c o n t i n e n t a l  edge ( ~ i g u r e  2 . 2 2 ~ ) .  Vagner through Headquar- 

t e r s  depos i t i on  appear t o  be r e l a t e d  t o  advance and r e t r e a t  uF t h i s  i c e  

sheet. One i n t e r e s t i n g  aspect o f  t h i s  succession i s  t he  west -d i rec ted  

pa leocur ren ts  o f  the  Vagner and Rock Kno l l  Formations which a re  our  o n l y  



d i r e c t  ev idence f o r  t he  ex i s tence  o f  t h e  sou theas te rn  r i f t  b l ock .  These 

pa leocu r ren t s  p l u s  t he  increase o f  p l a g i o c l a s e  , i n  t he  sediments, and de- 

crease i n  K-spar r e l a t i v e  t o  u n d e r l y i n g  rocks o f  t h e  Deep Lake Group sug- 

ges ts  t h a t  a  m a f i c  t o  i n te rmed ia te  v o l c a n i c  o r  p l u t o n i c  h i g h l a n d  t o  t h e  

'eas t  was a p r i n c i p a l  source o f  d e t r i t u s  d u r i n g . - g l a c i a l  deposi ' t ion.  

Re t rea t  o f  g l a c i a l  i c e  i n  upper He'adquarters t ime r e - e s t a b l i s h e d  a 

major  d e l t a  system s i m i l a r  t o  one wh ich  may have e x i s t e d  e a r l i e r ,  i n  Cas- 

cade t ime.  T h i s  d e l t a  was f e d  f rom t h e  no r theas t  and p e r s i s t e d  through-  

o u t  Lower L i bby  Creek Group d e p o s i t i o n  ( ~ i g u r e  2,22D and 2.15). I t  i s  

these rocks which lend  most suppor t  t o  t h e  r i f t i n g  model. T h i s  t h i c k ,  

mature, d e l t a i c  succession was depos i t ed  by pa leocu r ren t s  d i r e c t e d  south- 

west (and no r theas t )  p a r a l  l e l ,  t o  o l d e r  f l u v i a l  pa leocu r ren t s  and p a r a l  l e l  

t o  t he  c o n t i n e n t a l  marg in  as i n f e r r e d  f rom t h e  ma jo r .shear  zone bounding 

t he  Wyoming Prov ince.  S i m i l a r  d e l t a i c  sed imenta t ion  p a r a l l e l  t o  c o n t i n -  

e n t a l  marg ins i s  b e l i e v e d  t o  have taken. p l a c e  i n  t he  e a r l y  s tages o f  

r i f t i n g  o f  South America and A f r i c a  ( ~ u r k e ,  1976, ment ions d e l t a s  formed 

i n  t h e  Gabon and Cuanza grabens, which became "success fu l "  r i f t  arms, 

l e a v i n g  t h e  Benue Trough as a '  f a i , l e d  arm).  D e l t a i c  sed imenta t ion  p a r a l  l e l  

t o  a  c o n t i n e n t a l  marg in  i s  a l s o  t a k i n g  p l ace  i n  t h e  G u l f  o f  C a l i f o r n i a  

today ( ~ e c k e l ,  1975). E i t h e r  o f  these appears t o  us t o  be a reasonable 

ana.1og f o r  Lower L ibby  Creek Group sed imenta t ion  and we s t r e s s  t h a t  we 

have no idea whether t he  southern b l o c k  was o f  c o n t i n e n t a l  o r  micro-con- 

t i n e n t a l  p r o p o r t i o n s .  

As shown i n  F i g u r e  2.22E, by Upper L i bby  Creek Group t ime,  r i f t i n g  

had progressed t o  t h e  open ocean s tage,  and d e l t a i c  sed imenta t ion  had 

ceased i n  sou theas te rn  Wyoming. Nash Fork  c l a s t i c  carbonates and shales 
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a r e  i n t e r p r e t e d  t o  be i n t e r t i d a l  sediments deposi ted on Lower L ibby Creek 

Group d e l t a i c  sands. The French S l a t e  i s  i n t e r p r e t e d  t o  be open marine 

b a s i n  shales. I s l a n d  a r c  sedimentat ion may have been t a k i n g . p l a c e  t o  the 

south a t  about t h e  same t ime as, o r  s l i g h t l y  l a t e r  than, Upper Libby 

Creek Group d e p o s i t i o n  and i t  was these i s l a n d  arcs t h a t ,  we be l i eve ,  

c o l l i d e d  w i t h  southeastern Wyoming about 1700 m.y. ago. 

EVOLUTION OF EARLY PRECAMBRIAN SEDIMENTATION IN NORTH AMERICA 

I n  considering t h c  rccord  o f  ovcr  J b i l l i o n  ycsrs  o f  L s t c  Archcsn 

and Ear l y  P ro te rozo i c  sedimentat ion i n  southern Wyoming, i t  i s  c l e a r  t h a t  

sedimentary and t e c t o n i c  regimes i n  southern Wyoming had important  s imi -  

l a r i t i e s  t o  those which e x i s t e d  elsewhere i n  North America. Archean sed- 

imenta t ion  o f  the  Phantom Lake Metamorphic S u i t e  was charac ter ized by an 

abundance o f  tectonism, vo l can i c  a c t i v i t y ,  and vo l cano-c las t i c  sedimen- 

t a t i o n .  E a r l i e s t  P ro te rozo i c  sedimentat ion i n  the Deep Lake Group'was 

c o n t i n e n t a l ,  dominant ly f l u v i a l ,  and was sharas ter ized by anomalously 

r a d i o a c t i v e  quar tz-pebble conglomerates con ta in ing  d e t r i  t a l  p y r i t e ,  and 

uranium and thor ium minera ls .  The upper Deep' Lake and lowest Libby Creek 

Groups rec.ord evidence o f  a  p e r i o d  of g lac iomar ine sedimentat ion which 

marks the t r a n s i t i o n  trom t l u v i a l  depos i t i on  i n  the  Deep Lake Group t o  

miogeoc l ina l  depos i t i on  o f  the Lower Libby Creek Group and which appears 

t o  be approximate ly  contemporaneous w i t h  the  change from anoxygeriic en- 

vironments, evidenced by d e t r i t a l  p y r i t e  and uranium minera ls ,  t o  oxy- 

.yen i c envi ronments , evidenced by det  r i t a l  hemat i t e  and the  absence o f  

r a d i o a c t i v e  conglomerates. The Upper L ibby Creek Group represents deeper 

water  miogeoc l ina l  sedimentat ion and, perhaps, the  e a r l i e s t  evidence of 



vo lcan ic  a c t i v i t y  associated w i t h  contemporaneous' o r  s l i g h t l y  younger 

i s l a n d  a r c  sedimentat ion t o  the  south. . . .  

Evo lu t ionary  changes such as these i n  t e c t o n i c  regimes, c l i m a t i c  

cond i t ions ,  and the chemistry  o f  t he  atmosphere and hydrosphere, as 

' recorded i n  key '  1 i tho log ies ,  forms t h e  bas is  f o r  an attempt t o  c o r r e l a t e  

the  Late Archean and Early,  P ro te rozo ic  metasedimentary rocks o f  the  Med- 

i c i n e  Bow Mountains w i t h  o the r  Late Archean and Ear l y  P ro te rozo ic  se- 

quences i n  the Wyoming Province and elsewhere i n  North America. Th is  

c o r r e l a t i o n ,  shown i n  Figure 2.23, i s  modi f ied  s l i g h t l y  from one we pre- 

sented e a r l  i e r   o oust on and Karlstrom, 1980) and i s  presented again be- 

cause we fee l  i t  has profound imp l i ca t i ons  f o r  the e a r l y  h i s t o r y  o f  North 

America and f o r  models o f  fo rmat ion  o f  Ea r l y  Pro terozo ic - type uranium- 

bear ing f o s s i  1 p lacers .  

We d i v i d e  the Late Archean and E a r l y  Pro terozo ic  metasedimentary 

successions i n  North America i n t o  f o u r  broad groups: 1 .  The volcano- 

sedimentary sequence inc ludes Late Archean supracrus ta l  successions which 

conta in  an appreciable percentage o f  non-volcanic rocks such as quartz-  

i t e ,  rad ioac t i ve  quartz-pebble conglomerate and carbonate interbedded 

w i t h  the  vo lcan ic  and vo lcan ' ic las t  i c  rocks. Some o f  these success ions 

have many s i m i l a r i t i e s  t o  t y p i c a l  greenstone b e l t  successions bu t  most 

appear t o  represent a t r a n s i t i o n  be.tween t r u e  greenstone b e l t s  and Pro- 

te rozo ic - type c l a s t i c  successions. 

2. The rad ioac t i ve  conglomerate-t i  1 1  i t e  sequence i s  Ear l y  Pro ter -  

ozo ic  and i s  charac ter ized by f l u v i a l  uranium-bearing quartz-pebb.le con- 

glomerates.and presumed g l a c i a l  deposi ts .  The v a l i d i t y  o f  these l i t h o -  

l og ies  f o r  l i t h o s t r a t i g r a p h i c  c o r r e l a t i o n  i s  twofo ld.  F i r s t ,  uranium- 
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Figure 2.23. Regional lithostrotigrophic coriektion and ideolized strctLgnphy of L a h  Archeon and Early Proterozoic supracrmslols nerJr the rncqins of proto- 
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rich quartzite; -= slmmatolitic dolomile;- = iron formoticm. Rekrences: I. Hoffman on6 others (1974) 2. Vitotiano md othew i 879) 3. &off and others (1980) 
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Roscoe (1968) 13. Roscoe (1973); C h ~ w n  ad Coty (1973); Frye.(l97i 14. Dirnro-h(197-2); Fryer (1971) 15. Bondeson (I970 1 16. MwLlijimen (1980); Simcnen (1960) 17. Salop (1977). 



bear ing conglomerates r e f l e c t  deposi t iot i  i n  anoxygenic surface env i  ron- 

ments (genera l l y  be1 ieved t o  e x i s t  on e a r t h  before  2200 m.y. ; Roscoe, 

1973) and .depos i t ion  i n  i n t r a c r a t o n i c  f l u v i a l  'environments ( r i f t  v a l l e y s ? )  

d ra in ing  uranium-r ich .g ran i t i c ' ' sou rce  terranes which, we' be1 ieve, became 

widespread on ly  a f t e r  2500 m.y. Second, Ear ly .  Pro terozo ic  g l a c i  a1 rocks 

a l l  over North America may. represent a con t inen ta l  g lac ia t i . on  (Young, 

1969; 1973) and, i f  so, are contemporaneous. 

3. The aluminous q u a r t z i t e - s t r o m a t o l i t i c  dolomite sequence i s  char- 

a c t e r  ized by these 1 i tho log ies  i n  miogeocl i n a l  successions which tend t o  

be t h i c k e r  and more cont inuous than u n i t s  o f  the under ly ing  sequences. 

These uni t s  conta in  hemat i te ins tead of  p y r i  t e  suggest i ng more oxygenated 

sur face 'condit ions such as e x i s t e d  a f t e r  about 2200 m.y. ( ~ o s c o e ,  1973) 

and they formed i n  shal low marine miogeoc l ina l  sedimentary environments. 

11. The i r o n  fo rma t ion -vo lcan ic las t i c  succession contains. main-ly 

eugeocl inal  c l a s t i c  sediments p l u s  major Pro terozo ic  banded i r o n  forma- 

t i ons .  The r e s t r i c t i o n  o f  major banded i r o n  formations t o  the  Ear l y  

Pro terozo ic  has long been recogn i zed (cloud, 1968; James, 1966,1969 ; 
. . 

Veizer, 1976) and general l y  Is ascr ibed t o  atmospheric and hydrospher ic  

e v o l u t i o n  (cloud, ,1968; ~ u g s . t e r ,  1969; Drever, 1974). I n  North America, 

banded i r o n  formations a l s o  may be r e l a t e d  t o  the  presence, between 2100 

and 1800 m.y., o f  small r i f t -genera . ted  ocean basins favorab le  f o r  i ron 
. . 

format ion depos i t ion .  

The l i t h o s t r a t i g r a p h i c  c o r r e l a t i o n  o f  Ea r l y  Pro terozo ic  sequences 

shown i n  Figure 2.23 has important imp l i ca t i ons  w i t h  respect t o  the  de- 

velopment o f  North America. We emphasize t h a t  t h i s  c o r r e l a t i o n  i s  

s t r i c t l y  v a l i d  o n l y  f o r  North America ( i f  i t  i s  v a l i d  a t  a l l )  because 



we a r e  combining reg iona l  ( t e c t o n i c  a n d . c l i m a t i c ) . e f f e c t s  w i t h  wor ld-  

wide (atmospheric,  b iospher ic ,  hydrospher ic  and, t e c t o n i c )  evo lu t i ona ry  

t rends.  F igure  2.24 shows the  known ex ten t  o f  Archean rocks i n  North 

America and t h i s  nucleus of the con t i nen t  i s  r e f e r r e d  t o . a s  pro to-Nor th  

America i n  t he  f o l l o w i n g  d iscussion.  

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  l o c a l i t i e s  o f  the  r a d i o a c t i v e  con- 

g l o m e r a t e - t i l l i t e  sequence of F igure  2 .23 c rop  ou t  i n  several  places 

a long the south margin o t  t h i s  nucleus ( ~ i g i l r e  2.24), suggesLir~y L l ~ z l ~  

the  Wyoming Province and Super ior  Province were uT d 1dl.yeim, semi 

coherent  c r a t o n i c  mass s h o r t l y  f o l l o w i n g  the end o f  the Archean, and t h a t  

p l a t f o r m  and miogeoc l ina l  c l a s t i c  rocks were being deposi ted on a con- 

t i n e n t a l  t r a i l i n g  edge somewhat analogous t o  the  A t l a n t i c  coast o f  Nor th  

America today. The remarkable c o r r e l a t i o n  o f  formations between the  Deep 

Lake Group and the  Huronian Supergroup (Young, 1973; Houston and o thers ,  

1977; G r a f f ,  1979; Houston and Kar ls t rom, 1980), can be understood i n  

t h i s  contex t ;  i t  would be s i m i l a r  t o  comparing and c o r r e l a t i n g  post-Per- 

mian sec t i ons  a long the  r i . f t e d  eas t  coast o f  Nor th  America. I n  f a c t ,  we 

e n v i s i o n  a r i f t  o r i g i n  f o r  the south margin o f  p ro to-Nor th  America some- 

t ime about 2200-2100 m.y. ago which was preceded by f l u v i a l  depos l t l on  

o f  r a d i o a c t i v e  conglomerates i n  smal l ,  i n t r a c r a t o n i c ,  g raben- l i ke  r i f t -  

v a l  l e y  bas i n s ,  The g l a c i a l  sequences near the top  o f  ' the Huronian and 

Deep Lake sec t i ons  may a c t u a l l y  be t ime-equ iva len t  sec t ions  deposited 

d u r i n g  a con t i nen ta l -w ide  g l a c i a l  episode (Young, 1973). This  i s  e v i -  

dence t h a t  the two areas experienced s i m i l a r  c l i m a t i c  h i s t o r i e s  i n  the 

E a r l y  P ro te rozo i c  which a l s o  supports the  hypothesis  t h a t  the  Wyoming 

and Super ior  Provinces were p a r t  o f  a l a rge r ,  semi-coherent cont - inenta l  



b lock  a t  the  end o f  the ~ r c h e a n .  Th is  idea i s  a l s o  supported by avai l- 

able  paleomagnetic data which shows a s i m i l a r  a.pparent p o l a r  wandering 

path f o r  the  Super ior  and Wyoming Provinces (~avenaugh and Seyfer t ,  1977; 

I r v i n g ,  1979). 

The aluminous q u a r t z i  te-stromatol. , i  t i c  dol.omi t e  sequence i s  more 

w ide ly  d i s t r i b u t e d  than the r a d i o a c t i v e  c o n g l o m e r a t e - t i l l i t e  sequence. 

I t  i s  found ' i n  i s o l a t e d  areas near the  southern margin o f  p ro to-Nor th  

America, from Wyoming t o  ~reen l .and.  (and i n  F in land  and Sov ie t  Karel ia)., 

and i n  the  coronat ion  Geosync1,ine along the  western margin. I f  t h i s  

c o r r e l a t i o n  i s  v a l i d ,  i t  suggests t h a t  both the  southern and western mar- 

g ins  o f  proto-North America were t r a i  l i ng edges o f  a ' l a r g e  proto-cdnt  i- 

nent between 2300 and 2000 m.y. Both the  thicknesses (southeastern Wyo- 

ming--6-7 km; mid-cont inent ,  adding Huronian-and Lower Marquette Range-- 

8 km; Kare1,ia--2.4 km;. Coronation geosyncl i.ne--3-5 km) and 1 i tho log  ies 

i n  t h i s  succession appear t o  be comparable w i t h  the  c l a s t i c  wedge and 

carbonate/sha l e  assemblages found i n  more modern miogeocl i nes ( ~ i  ng , 

1963; Dickinson, 1974) and we sugges t . tha t  r i f t i n g  processes were much 
. . 

the same i n  the  E a r l y  Pro terozo ic  and i n  Phanerozoic t ime. The alumin- 

ous q u a r t z i t e s  and associated c l a s t i c s  appear t o  represent r a p i d  subsi -  

dence o f  t he  con t inen ta l  she1 f dur ing  Dick inson'  s (1974) narrow ocean 

sta.ge o f  r i f t ' i n g  due t o  thermal con t rac t  ion ( ~ o t t ,  1976) ; carbonates and 

shale successions represent open'ocean environments and much slower s h e l f  

subsidence, perhaps due t o  sediment loading.  

There are  some d i f f i c u l t i e s  w i t h  t h i s  i n t e r p r e t a t i o n :  one p e r t a i n s  

t o  the  mid-cont inent  region along the  south margin o f  proto-North Amer- 

i ca ;  a second p e r t a i n s  t o  the  c o r r e l a t i o n  along the western margin of 



EXPLANATION FOR FIGURE 2.24 

n u  Grenvi lle and ~eweenawan rocks (-- 1.0 b.y. ) 

Early und Middle Proterozoic cugeoclinal rocks = Early Proterozoic miogeoclinal rocks 

m1 ....... ..,....... Archea n terranes rejuvenated during Hudson ia n orogeny 

Archean 
> ..................... k:$%::.:.:,: 
t'., ............. 

........ Positive grovily anomaly 

4'' Known or inferred houndarles of geoloyic provinces 

7 - r  TT -r 
L~~~ Electrical conductivity anomaly 

2.5-3.2 Range of radiometric ages in billions of years 

@ Numbered localities in Figure 2.23 

LABELED LOCALITIES 

BI - Belcher Is lands;  BH - Black H i l l s ;  CG - Coronat ion Geosyncline; C S  
- cape' Smith F o l d b e l t ;  FR - Front  Range; HG - Hurwi tz  Group and Montgom-. 
s r y  Lake sedimehts; HS - tluronian Supergroup; K - K e t i  1 i d i a n  Supracrus-. 
t a l s ;  KR - Keweenawan R i f t  basa l t s  and sediments; LR - Laramie Range; L I  
- Labrador Trough; MB - ~edici .ne. ,8~w.~.M~unta. i .ns; .~~~Mti  - lli stassir31 Group; 
MR - Marquette Range Supergroup; NACP - North A t l a n t i c  Centra l  P la ins  
c o n d ~ ~ c t i v i t y  anomaly; NF - Nelson Fro i i t ;  OM - .Ot ish  Mountains; S - Shus- 
wap Complex; SL - Sakami Lake; SM - S i e r r a  Madre; U - Umanek area; W.L - 
Wol laston Lake f o l d h e l t .  

Getslegy - King (1379, 1976) ; Be1 1 (1370) ; Rnndeson (1979) ; Bridqwater 
and o thers  (1973) ; Condi es (1976) ; Dimroth (1972) ; Henderson and Pul t e r -  
t a f t  (1967) ; Hoffman (1973) ; Houston and o the rs  (1968) ;   lei nkopf and 
Redden (1975) ; Money and o thers  (1970) ; Roscoe (1969). 
Geophysics - A lab i  and o thers  (1975); G i  bb and Thomas (1977) ; Horner and 
Hasegawa (1 978) ; Kent and Simpson (1973) ; Kreary (1976) ; L i  d i  ak (197t)  ; 
Thomas and Gibb (1977). 
Geochronology - Duncan (1978); Gold ich and Hedge (1974); Gold ich and 
o t h e r s  (1966); Hurst  and o thers  (1975); H i  11s and o thers  (1968); H i  11s 
and Armstrong (1974) ; Hi 1 1 s and Houston (1979) ; King (1976) ; Moorbath 
and o the rs  (1972) ; Peterman and Hedge (1968) ; P r i c e  and Douglas (1972) ; 
Van Schmus (1976). 





our  p ro to-Nor th  America. 

The t e c t o n i c  s e t t i n g s  f o r  depos i t i on  of the Huronian Supergroup o f  

O n t a r i o  and the  Marquet te Range Supergroup and equ iva len t  s t r a t a  o f  Min- 

nesota and Michigan have recelved considerable a t t e n t i o n  i n  recent  years. 

Sims (1976), Morey and Sims (1978), and Sims and o thers  (1980) have main- 

t a i n e d  t h a t  the  E a r l y  P ro te rozo i c  metasediments o f  Minnesota and Michigan 

were depos i ted  i n  an i n t r a c r a t o n i c  s e t t i n g  a long a boundary ( t h e  Great 

Lakes t e c t o n i c  zone o f  S ims and o thers ,  1980) between Archean g r a n i t e -  

greenstone te r rane  t o  the  n o r t h  and Archean g n e i s s i c  t e r rane  t o  the south. 

They p o i n t  o u t  t h a t  depos i t i on  i n  Ear1.y P ro te rozo i c  basins i n  both the  

Lake Huron and ~ a k e  Super ior  areas was r e l a t e d  t o  ex tens iona l  tec ton  i c s  

a long and p a r a l l e l  t o  t h i s  boundary b u t  they f i n d  no evtdence t h a t  r i f t -  

ing  progressed t o  the  p o i n t  o f  development o f  oceanic c r u s t  i n  e i t h e r  

area. Fur ther ,  they view compressional t e c t o n i c s  du r ing  the Penokean 

Orogeny (1850-1900 m.y.) i n  terms o f  thermal con t rac t i on  o f  the con t i n -  

e n t a l  b lock ,  n o t  p l a t e  tec ton lcs .  

Other workers (van Schmus, 1976; Cambray, 1977, 1978; and Larue and 

Sloss, 1980) have advocated p l a t e  t e c t o n i c  models f o r  bo th  Ea r l y  P ro te r -  

o z o i c  depos i t i on  i n  the Lake Super ior  region and Penokean deformation. 

Cambray (1977, 1978) and Larue and Sloss (1980) have argued, from sed i -  

mcrltary e v l  dence, tha L L~ IH  M ~ I ' ~ U H L L H  Railye 5upei.91-oiip aisd co l - re la t  i v e  

rocks were deposi ted i n  several  sedimentary basins on a r i f t e d ,  south 

margin o f  p ro to-Nor th  America and were deformed du r ing  the Penokean O r -  
. . 

ogeny by c o l l i s i o n  o f  t he  Archean b lock  t o  the  south ( c e n t r a l  Minnesota 

and  isc cons in) w i t h  proto-North America across a south d ipp ing  subduct ion 

zone. 



We be1 ieve t h a t  the argument o f  i n t r a c r a t o n i c  depos i t i on  o f  the 

Huronian and Lake Super ior  metasedimentary rocks i s  no t  a s u f f i c i e n t  

argument aga ins t  p l a t e  t e c t o n i c  processes, nor  i s  t he  absence o f  demon- 

s t r a b l e  oceanic c r u s t .  Cont inenta l  r i f t s ,  a f t e r  a l l ,  a re  i n t r a c r a t o n i c  

t o  s t a r t  w i t h  and oceanic c r u s t  i s  consumed dur ing  c o l l i s i o n a l  orogene- 

s l s .  Our view i s  t h a t  the, t e c t o n i c  s e t t i n g s  f o r  bo th  the Huronian and 

Lake super io r  metasedimentary rocks a re  w e l l  exp la ined by p l a t e  t e c t o n i c  

models. The Huronian Supergroup appears t o  represent  an area a long the 

.. south margin o f  proto-North Americawhere r i f t i n g  proceeded i n  a r e l a -  

t i v e l y  uncomplicated way, s i m i l a r  t o  a long the  south boundary o f  the  Wy- 

oming Province i n  southern Wyoming. Ea r l y  depos i t i on  o f  f l u v i a l  rocks, 

i n c l u d i n g  r a d i o a c t i v e  conglomerates, was i n  a smal l ,  faul t-bounded, in-  

t r a c r a t o n i c  r i f t - v a l l e y ;  l a t e r  depos i t i gn  o f  the  Cobalt  Group was i n  a 

miogeoc l ina l  s e t t i n g  as the  r i f t  proceeded t o  narrow ocean stages. The 

t rend  of the main r i f t - m a r g i n  may have. passed f rom. the  Huronian area, 

south of  the  Archean gne iss i c  terraAe o f  c e n t r a l  Minnesota and Wisconsin. 

The Lake Super ior  metasedimentary rocks a r e  s 1 i g h t  l y  younger than 

the Huronian Supergroup and appear t o  represent  depos i t i on  i n  a se r ies  

o f  r i f t - r e l a t e d  basins ( e i t h e r  i n t r a c r a t o n i c  o r  narrow ocean basins)  

formed du r ing  d iach ron i c  r i f t i n g  o f  a smal l  con t i nen ta l  fragment con- 

t a i n i n g  the  g n e i s s i c  t e r rane  away from the  main p a r t  o f  p ro to-Nor th  Am- 

e r i c a .  I n  our  view, both the  Huronian and Lake Super ior  metasedimentary 

rocks a re  an expression o f  a p r o t r a c t e d  extensional  event which took 

p lace between about 2400 and 2000 m.y. ago, a l l  a long the southern areas 

o f  proto-North America and the  d i f f e r e n t  depos i t i ona l  s t y l e s  i n  the var- 

ious basins r e f l e c t s  d i f f e rences  i n  t he  way r i f t i n g  proceeded I n  d i f f e r e n t  



areas along the  c o n t i n e n t a l  margin. ~ i k e w i s e ,  we'vi.ew the Penokean O r -  

ogeny i n  terms of  p l a t e  t e c t o n i c  models, as an expression o f  c o l l i s i o n a l  

orogenesis a long the  south margin o f  proto.-North America and c l o s i n g  o f  

these r i f t - r e l a t e d  basins.   his i s  discussed i n  more d e t a i l  l a t e r . )  

A second d i f f i c u l t y  w i t h . o u r  i n t e r p r e t a t i o n  t h a t  proto-North America 

was much the  same shape i n  the  Ear l y  Pro toerozo ic  as now, stems from the 

f a c t  t h a t  some workers ( ~ u r k e  and others., 1976; Sey fe r t  and Cavanaugh, 

1978; Gibb and Thomas, 1977) have argued t h a t  the  Slave Province was sep- 

a r a t e  from t h e  Super io r  Province u n t i l  they c o l l i d e d  about 1750 m.y. ago. 

I f  t h i s  i s  so, t he  c o r r e l a t i o n  suggested . . i n  F igure  2.23 would be f o r t u i -  

tous. However, such an i n t e r p r e t a t i o n  .is open t o  quest ion.  The ,most 

recent  i n t e r p r e t a t i o n s  of  paleomegnetie data ( l r v i n g  and McGlynn, 1976; 

Roy and LaPointe, 1976, I r v i n g ,  1979) show t h a t  a l l  e x i s t i n g  data can be 

reconc i l ed  w i t h  a s i n g l e  apparent p o l a r  wandering path f o r  p ro to-Nor th  

America. Furthermore, l r v i n g  (1979) suggested t h a t  the g rea t  lengths , 

o f  P ro te rozo i c  p o l a r  wandering t racks  imp1 i e d  unimpeded d r i f t  t r a j e c t o r -  

i es  and i n f e r e n c i a l  l y ,  l a rge  cratons i n  the  Ear l y  Pro terozo ic .  However, 

i t  should be emphasized tha t  the hypothesis  o f  a s i n g l e  semi-coherent 

proto-North America does not  prec lude minor r e l a t i v e  motions between cra-  

tons ( I r v i n g ,  1979; Br iden,  1976). 

' The d i s t r i b u t i o n  o f  the i r o n  formation-volcanicl;~stic r;c.q~~f.nce, 

shown i n  F igures 2.23 and 2.24, has several  i n t e r e s t i n g  imp l i ca t i ons .  

F i r s t ,  i n  t he  Labrador Trough and the Black H i l l s ,  these rocks occupy 

f o l d  b e l t s  w i t h  s t r u c t u r a l  g ra ins  a t  h igh  angles t o  the  proposed south- 

e r n  margin o f  p ro to-Nor th  America. These areas may we1 1 represent  r i f t -  

i ng  and depos i t i on  o f  vo lcan ics  and i r o n  format ion i n  a Red Sea-type 



e'tiv.; ronment. These are  i n te rp re ted  'by. us t o  be a'ulacogens which opened 

' enough t o  produce a t  l eas t  some oceanic c r u s t .  :A s i m i l a r  im te rp re ta t i on  

can be p u t ' f o r t h .  f o r  the mid-cont inent  metasediments and i r o n  format ions 
. . 

'except there, '  i n c i p i e n t  r i f t i . n g  was- sub-paral.le1 t o  the margin o f  the  

con t inen t - - i n  approximately the  same p o s i t i o n . a s  Keewenawen i n c i p i e n t  

r i f t i n g  i n  the  l a t e  Precambrian. 

As s t a t e d  e a r l i e r ,  t h i s  h t e r p r e t a t i o n  (see a l s o  Larue and Sloss, 

1980: Cambray, 1977, 1978) suggest's t h a t  Ea r l y  Pro terozo ic  r i f t i n g  was 

complex and invo lved format ion o f  r i f t - r e l a t e d  basins a t  some d is tance 

behind the  t r u e  south margin o f  Archean North America. 

I n  summary, from the Ear l y  Pro terozo ic  sedimentary record we sug- 

gest  ' the f o l  lowing:' 1. The Wyoming .Province and Super ior  Province were 

i n  roughly t h e i r  present  r e l a t i v e  p o s i t i o n s  by the end o f  t he  Archean. 

The .%lave province and North A t l a n t  ic . .Craton may ' a l s o  have been p a r t  of 

t h i s  protocont  inent  bu t  t h e i  r tec ton ic '  h i s t o r i e s  a re  more open t o  quest ion.  

2. Ear ly  Pro terozo ic  p l a t f o r m  an,d miogeocl inal  sed imer~ta t ion  o f  

rad ioac t i ve  ~ o n ~ l o m e ' r a t e s ,  q u a r t z i t e s ,  t i l l i t e s ,  and s t r o m a t o l i t i c  dolo- 

mi tes and associated rocks, took p lace '2500 and 2000 m.y. on the  r i f t e d  

south margin o f  proto-North America, i n  environments which r e f l e c t  stages 

o f  r i f t i n g .  Ea r l y  depositon o f  f l u v i a l  ' r ad ioac t i ve  conglomerates re-  

f l e c t s  fault-bounded i n t r a c r a t o n i c  r i f t - v a l l e y  basins; c l a s t i c  wedge sed- 

' 

iments r e f l e c t  r a p i d  sul;sidence o f  t he  con t inen ta l  s h e l f  i n  narrow oceans; 

carbonates and shales represent open ocean cond i t ions .  

3. Volcanic, v o l c a n i c l a s t i c ,  at id . - i ron format ion sedimentat ion to -  

ward the  end of t h e ~ a r l y  ~ r o t e r o z o i c  (2100-1800 m.y.) records a p e r i o d  

o f  ' i n c i p i e n t  r i f t i n g  w i t h i n  p r b t b - ~ o r t h  ~ m e r i c a , ' . w i t h '  format ion o f  small 

ocean' basins . 



4. The Hudsonian and r e l a t e d  orogenies r e f l e c t s  compressional, 

convergent marg i n t e c t o n  i cs on. t h ree  s i des o f  p.roto-North Amer i ca. ' I s -  

land a r c  c o l  1 i s  ions have been proposed f o r  the  Coronat ion Geosyncl ine  

(Hoffman, 1973) , i n  southern Wyorni ng and. Colo.rado ( ~ i  1 1  s and Houston, 

'1979; and nex t  sec t i on ) ,  and i n  the K e t . i l i d i a n  Mob i le  b e l t  o f  Greenland 

(Br idgwater  and o the rs ,  19.73). A s i m i l a r  s t o r y  o f  c o l l i s i o n a l  tectonism 

has been proposed f o r  t he  Penokean f o l  dbel t o f  the m i  d-cont i nen t' wh i ch 

i nvo l ved  a smal l  Archean micropl'a'te ( c e n t r a l  Minnesota and  isc cons in) 

caught up i n  a convergent zone i.lrhi.ch,-involved south-d ipping subduct ion 

a long the n o r t h  margin o f  the m ic rop la te  (cambray, 1977, 1978). These 

c o l l  i s i o n a l  orogenies a l l  around proto-North America a re  e i t h e r  the cause 

o r  a man i fes ta t i on  o f  a general compressive regime f o r , p r o t o - N o r t h  Amer- 

i c a  which caused c l o s i n g  o f  i n ' c i p i e n t  r . i f t s  (e.g. Wol laston Lake f o l d -  

b e l t ,  m id-cont inent  sedimentary basins)  and aulacogens (e.g. Labrador 

Trough, Black H i l l s ,  Athapuscow and Bathurs t  aulocogens) a n d . j o s t l i n g  o f  

the  more s t a b l e  Archean b locks.  We env i s ion  the Penokean deformat ion i r l  

t he  mid-cont inent  reg ion ,  and deformat ion i n  t he  Black H i l l s  and Labrador 

Trough, t o  represent  t h i s  type o f  c l o s i n g  o f  i n c i p i e n t  ocean basins and 

we view the  Hudsonian orogeny o f  the C h u r c h i l l  Province i n  terms o f  j o s -  

t l i n g  o f  c r a t o n i c  b locks  i n  a general compressive system caused by i s l a n d  

arc .  c o l l  i s  ions around the  margins o f  the pro to-cont inent .  This  i s  no t  

d r a s t i c a l l y  d i f f e r e n t  from Burke and Dewey's (1973) basement r e a c t i v a t i o n  

hypothesis  except we do not  env i s ion  l a rge  rnove~~ients between cratons and 

suggest t h a t  the d r i v i n g  fo rce  f o r  t he  Hudsonian orogeny was r e l a t e d  t o  

the  i s l a n d  a rc -con t i nen t  c o l l i s i o n s  causing c l o s i n g  o f  i n c i p i e n t  r i f t s  and 

j o s t l i n g  . . o f  c r a t o n i c  b locks w i t h i n  an a l ready  semi-coherent l i t h o s p h e r i c  

p l a t e .  



TECTONIC SETTING OF METASEDIMENTARY ROCKS 

De ta i l ed  study o f  the s t r u c t u r a l  geology o f  metasedimentary rocks 

i n  the Medicine Bow Mountains was undertaken ' f o r  several  reasons. F i  r s t  , 

i n  a complex geo log ic  t e r rane  such as t h i s ,  understanding o f  s t r a t i g r a p h y  

'and s t r u c t u r e  a re  mu tua l l y  dependent;' each on the  o ther ,  and geo log ic  

mapping demands t h a t  both be i nves t i ga ted  s imul taneously.  Second, know- 

ledge o f  f o l d  geometries i s  p r e r e q u i s i t e  t o  pa.leocurrent ana lys i s  and 

provenance s tud ies  because bedding and crossbedding must be res to red  t o  

i n f e r r e d  p r e - f o l d i n g  p o s i t i o n s  t o  determine pa leocur ren t  d i r e c t i o n .  

Th i rd ,  we were i n t e r e s t e d  i n  t r y i n g  t o  reconst ruc t  the  t e c t o n i c  s e t t i n g  

and tec ton  i c  h i  s t o r y  o f  these m e t a ~ e d i m e n t a r ~  rocks as '  r e l a t e d  t o  t h e i  r 

p o s i t i o n  near the south margin o f  t he  Archean Wyoming Province. 

This  sec t i on  'a t tempts t o  e x p l a i n  the  .observed s t r u c t u r a l  fea tures  

i n  the Medicine Bow Mountains and , reg iona l  s t r u c t u r a l  fea tures  o f  the 

southern-Wyoming Precambrian i n  terms o f  p l a t e  t e c t o n i c s  and c u r r e n t  

understandings of an evo l v ing  Nor th  America: w i  t h  widespread tec ton  i s m  

and volcanism i n  the  Archean which terminated i n  a p e r i o d  o f  orogenesis 

and c r a t o n i z a t i o n  about 2500 m.y. ago. Th is  was fo l l owed  by an Ear l y  

P ro te rozo i c  (2500-1700 m.y.). t e c t o n i c  regime charac ter ized by r i f t i n g  

o f  l a r g e r  and t h i c k e r  c r a t o n i c  b locks  and depos i t i on  o f  p l a t f o r m  and mio- 

geoc l i na l  sediments, i nc lud ing  r a d i o a c t i v e  conglomerate, on the s t a b l e  

margins of  these c r a t o n i c  b locks.  A t  about 1700 m.y., Nor th  America 

experienced widespread orogenesis which, i n  southern Wyoming, appears t o  

have taken the form of  one o r  more c ra ton - i s l and  a r c  c o l l i s i o n s  (discussed 

below). This  model o f  c o l l i s i o n a l  orogenesis i n  southern Wyoming i s  sum- 

marized by H i  1 1 s and Houston (1979) and successfu l  l y  accounts Tov the 



reg iona l  geo log i c  and geochronologic d i s c o n t i n u i t i e s  across the  Mul len 

Creek-Nash Fork shear zone and f o r  the  d e t a i l e d  s t r u c t u r a l  fea tures  and 

f o l d  chronologies descr ibed below. 

D e t a i l e d  s t r u c t u r a l  s tud ies  of the metasedimentary rocks i n  tho Med- 

i c i n e  Bow Mountains have been presented by Houston and o thers  (1968.), 

W i  l son  (1975, 1977), Ka r l s t rom (1977), and Kar ls t rom and Houston (1979b). 

Th i s  s e c t i o n  i s  presented as an up-date and r e v i s i o n  o f  s t r u c t u r a l  i n t e r -  

p r e t a t i o n s  presented i n  thc  l a t t c r  peper end i ~ ~ c l u d e s  new dare f r o m e h e  

no r the rn  Medic ine Bow Mountains. Table 2.26 i s  a comparison o f  f o l d  

chronologies used i n  t h i s  repo r t  and i n  p r e v i o ~ l s  papers. The rriost i m -  

p o r t a n t  .new a d d i t i o n s  a r e  evidence f o r  a f o l d  system i n  t he  Phantom Lake 
. . 

Metamorphic S u i t e  which predated depdsi t i o n  o f  the Deep Lake Group and 

o u r  i n t e r p r e t a t i o n  t h a t  l a rge  gabbroic  s i l l s  i n  the Deep Lake Group and 

Phantom Lake S u i t e  were emplaced p r i o r  t o  an episode o f  t h r u s t  f a u l t i n g  

and F1 f o l d i n g  o f  the L ibby Creek Group. I n  t h i s  r e p o r t  we emphasize 

the cl i f fe l -e l -~ces ill s t r u c t u r a l  style  arid t e c t o n i c  h i s t o r y  between the 

L ibby Creek Group, which we now view as a l lochthonous o r  para-autoch- 

thonous and the u n d e r l y i n g  Phantom Lake and Deep Lake sequences which 

wc v l c w  as autochthonous. We attelnpt t o  e x p l a l n  the observed s t r u c t u r e s  

i n  terms of  Archean and P ro te rozo i c  t e c t o n i c  events a long the  southern 

margin o f  t he  Wyoming Archean craton.  Summaries o f  the  depos i t i ona l  h i s -  

t o r y  o f  the metasedimentary rocks a re  presented e a r l  i e r  and i n  Houston 

and o thers ,  1968; Ka r l s t rom and Houston, 1979a; and Lan th ie r ,  1979. 

P l a t e  3 i s  a t e c t o n i c  map o f  the northe.rn Medicine Bow Mountains 

which shows the  major f a u l t s  and f o l d s ,  sketches o f  the  geometry o f  minor 

s t r u c t u r e s ,  and s tereonet  p l o t s  o f  s t r u c t u r a l  elements from 25 subareas. 



TABLE .2.26. COMPARISON OF CHRONOLOGIES OF MAJOR FOLDING EVENTS IN METASEDIMENTARY ROCKS 

T h i s  Report Kar l s t rom and Houston (1979b) Wi lson (1975, 1.977) 

Fl - i s o c l i n a l  over tu rned  -o lds i n  
Phantom Lake Sui t e  

F2 - open, sha l low p l ~ n g i n g  NE t o  E-W F1 - E-W f o l d s  i n  Deep Lake Group and 
. t r e n d i n g  f o l d s  i? Deep Lake Group; Phantom Lake Su i te .  
co -ax ia l  r e f o l d i i g  o f  F1 i n  
,Phantom Lake Su i te .  

l n t r u s i o n  o f  l a rge  gabbro ic  s i l l s  i n  
Deep 1-ake Group and Phantom Lake 
S u i t e  and d ikes i n  L ibby  Creek Group 

F3 - i s o c l i n a l ' r e c l i n e d  f o l d s  i n  Phan- . 
tom Lake S u i t e  and Deep Lake 
Group i n  nor theas te rn  Medic ine w - 30w Mountains o n l y  .- 

W 

F1 - t h r u s t  f a u l t i n g  i n  L ibby  Creek F2 - NE f o l d s  i n  Deep Lake and L ibby Creek 
2roup and r o t a t i ~ n  t o  near ve r -  Groups and t h r u s t i n g  i n  L ibby  Creek 
t i c a l  a t t i t u d e s  p o s s i b l y  contem- Group . 
.z~oraneous w i t h  F i n  Deep Lake 3 2 roup. 

l n t r u s i o n  o f  gabbro ic  s i l l s  and d ikes  i n  a l l  
t h r e e  sequences 

F  /F - nor thwest  warp ing snd develop- F3. - nor thwest  warping and development o f  
'inent o f  c r e n u l a t  i o n  i n  Deep Lake/ c r e n u l a t i o n .  

L ibby  Creek Groups 

F /F - v e r t i c a l  r o t a t i o n  i n  Deep Lake/ Fk - v e r t i c a l  r o t a t i o n  and s t r i k e - s l i p  mot ion 
3 ~ i b b y  Creek G r o w s  and s t r i k e - s l i p  on shear zone. 
movement on shear zone 

I n t r u s i o n  o f  m a f i c  d ikes  aad s i l l s  I n t r u s i o n  o f  m f i c  d ikes and s i l l s  c r o s s c u t t i n g  
c r o s s c u t t i n g  shear zone. s k a r  zone. 

F1 -.development o f  s l a t y  cleavage i n  
Lookout S c h i s t .  

F2 - development o f  cleavage p a r a l l e l  t o  
bedding i n  Lookout S c h i s t .  

l n t r u s i o n  o f  d i k e s  i n  L ibby  Creek Group 

F3 - a s y m e t r i c a l  c r e n u l a t i o n  cleavage i n  
Lookout S c h i s t .  

V e r t i c a l  z x i s  warp ing and metamorphism o f  
Lookout S c h i s t .  



Th is  type o f  geomet r ica l  ana lys i s  o f  f o l d i n g ,  usi'ng s te reograph ic  pro-  

j e c t i o n s  ( f o l l o w i n g  Turner  and Weiss, 1963), i s  i dea l  f o r  represent ing  

megascopic f o l d s  i n  the  metasedimentary rocks because o r i g i n a l  bedding 

i s  u s u a l l y  recogn izab le  and def ines  a unique form surface. Most o f  t he  

subareas i n  P l a t e  3 a re  roughly c y l i n d r i c a l  w i t h  respect t o  one f o l d  

system; o the rs  show evidence o f  more than one f o l d  system. The f o l l o w -  

i ng  d iscuss ion  p o i n t s  o u t  the main s t r u c t u r a l  fea tures  shown i n  P l a t e  3, 

preceding f rom o l d e s t  t o  youngest. Then the s t r u c t u r a l  and sedimentary 

evidence i s  syn thes ized i n t o  a Precambrian t e c t o n i c  h i s t o r y  o f  the  Med- 

i c i n e  Bow Mountains, i n v o l v i n g  a c ra ton - i s l and  a r c  c o l l i s i o n  about 1700 

m.y. ago. The l a s t  p a r t  o f  the  paper p o i n t s  ou t  the  reg iona l  impl ica-  

t i o n s  of  t h i s  p l a t e  t e c t o n i c  model i n  terms of  concepts o f  c o n t i n e n t a l  

a c c r e t i o n  and Precambrian p l a t e  tec ton i cs .  

ARCHEAN STRUCTURAL FEATURES 

AI-clsean Gnei s s t s  

The western h a l f  o f  the Medicine Bow Mountains i s  made up o f  a se- 

r i e s  o f  Laramide b locks  cored.by Archean quar ' tzo- fe ldspath ic  gneisses 

(F igu re  2.1): The s r r u c r u r e , w l e h t n  these b locks  i s  complex (Houston and 

o the rs ,  1968; Ka r l s t rom and Houston, 1979b) bu t ,  on a reg iona l  scale,  the 

gneisses a r e  fo lded i n t o  a se r ies  o f  a n t i  forms and synforms which vary 

i n  t rend  from n o r t h  t o  northwest and which plunge g e n t l y  northwest and 

southeast.  Subarea 23 (P la te  3) shows a northwest p lung ing  u p r i g h t  f o l d  

system and subarea 24 shows a southeast p lung ing  over turned f o l d  ' (both 

1 imbs d i p  no r theas t ) .  This  no r th -  t o  nor thwest- t rending f o l d  system i s  

n o t  present  i n  t he  metasedimentary rocks and probably predates depos i t i on  



of  t h e  Phantom Lake Metamorphic S u i t e .  These s t r u c t u r e s  formed e i t h e r  

b e f o r e  o r  d u r i n g  t he  tectono- thermal  even t  about 2500 m.y. ago wh ich  a f -  

f e c t e d  basemen t rocks throughout  t h e  southern Wyomi ng P rov i  nce (Houston 

and Kar ls t rom,  1980; Condie, 1976). 

Archean gneisses were a l s o  deformed d u r i n g  t he  P r o t e r o z o i c .  Sub- 

area 25 ( p l a t e  3) shows a s u b v e r t i c a l  f o l d  a x i s  which i s  s i m i l a r  t o  the  

f o l d s  generated i n  metasedimentary rocks ad jacen t  t o  t he  Mu l l en  Creek- 

m ash. Fork shear zone (subareas 18; 19, 20) . Th i s  i s  good ev idence t h a t  

t he  g n e i s s i c  basement was p l a s t i c a l l y  deformed d u r i n g  t he  1700 m.y. de- 

f o rma t i on  i n  areas c l o s e  t o  t h e  shear  zone and suggests t h a t  t h e  rocks,  

exposed today, were a t  deep c r u s t a l  l e v e l s  around 1700 n1.y. ago. Nor th -  

e a s t - t r e n d i n g  shear zones i n  t he  gneisses  o oust on and o t h e r s ,  1968) 

p robab ly  a l s o  r e f l e c t  P r o t e r q z o i c  de fo rmat ions .  

Phantom Lake ~ e t a m o r p h i c  Sui te- -F1 F o l d i n g  

New da ta  f rom the  n o r t h e r n  Medic ine Bow Mountains show t h a t  rocks 

o f  the  Phantom Lake Metamorphic S u i t e  r eco rd  severa l  de fo rma t i ona l  events  

and a r e  now f o l d e d  i n t o  t i g h t  t o  i s o c l i n a l  f o l d s ,  o f t e n  ove r tu rned  (ax- 

i a l  p lanes d i p p i n g  no r thwes t ) ,  wi , th v a r i a b l e  t r e n d  and p lunge ( P l a t e  3 ) .  

The ea r  1 i e s t  deformat i o n  ( s )  preda ted  depos i t i on  o f  t he  Deep Lake Group, 

as shown by t he  angu la r  uncon fo rmi ty  seen i n  map p a t t e r n  ( P l a t e  3) and 
. . 

i n  the  c i r q u e  w a l l s  o f  C ra te r  Lake. (Sec. 35, T.18 N., R.79 W . ) .  These 
. . 

e a r l y  f o l ds  w i l l  be des ignated F1- - the  e a r l i e s t  f o l d  system i d e n t i f i e d  

i n  t he  metasedimentary rocks. These f o l d s  p robab ly  formed about .2500 

m.y. ago, contemporaneous w i t h  i n t r u s i o n  o f  . g r a n i t i c  . magmas i n  t h e  n o r t h -  

eas te rn  Medic ine Bow Mountains and near Baggot Rocks. Evidence f o r  t h i s  
~, 

i n t e r p r e t a t i o n  i s  t h a t  t he  g r a n i t e s  i n t r u d e  t he  Stage Cross ing Gneiss 

3 15 



and Phantom Lake Metamorphic S u i t e  i n  the  nor theas t  and pegmati te ve ins 

a r e  fo lded  w i t h  S l  f o l i a t i o n  i n  the lower Phantom Lake S u i t e  (see F igure  

2.25 and sketches of mesoscopic f o l d s  in .Sec.  25, T.19 N., R.79 W. o f  

P l a t e  3) imp ly ing  t h a t  g r a n i t i c  ma te r i a l  was i n j e c t e d  p a r a l l e l  t o  S 1  i n  

the  ~netasediments probably diring l a t e  stages of  f o ld ing .  The g r a n i t e  

body i n  the  no r theas t  i s  discussed i n  more d e t a i l  below. 

Subareas 2, 3, and 4 i n  the Phantom Lake Su i te  record evidence o f  

F t o l d i n q  a l thqugh the d i s t r i h l ! t i n n s  o f  poles t o  beddi,ng and f o l i a t i o n  1 

a r e  d ispcrscd due t o  l a t e r ,  Pl.uLeruzul~, f o ld ing .  S~rharea 2 shows a 

south  p lung ing  f o l d  i n  bedding w i t h  minor f o l d  a x i s  l i n e a t i o n s  p a r a l l e l  

t o  t he  megascopic f o l d  a x i s  def ined by the  g i r d l e  o f  poles t o  bedding. 

Subarea 3 i s  one megascopic i s o c l i n a l  sync l i ne  p lung ing  south and south- 

west, here named the  Foote Creek Syncl inor ium. Here, the o r i g i n a l  t r end  

o f  S was probably nor theas t  (as shown i n  the  stereonet)  whereas S 1  and 1 

B now have v a r i a b l e  o r i e n t a t i o n s  due t o  l a t e r  f o l d i n g .  Subarea 4 shows 1 

a g i r d l e  o f  po l cs  t o  bedding w i t h  a rnaxi~liu~il deTir.ilng the p o s i r i a t i  of S 1 

f o l i a t i o n :  t rend ing  nor theas t  an'd d ipp ing  s teep ly  northwest.  Minor f o l d  

a x i s  1 ineat ions  i n  subareas 3 and 4 1 i e  along the  S f o l i a t i o n  o r  p l ~ l n g e  
1 

west, p a r a l l e l  t o  the  superposed F f o l d  ax i s .  
3 

There a re  numerous f a u l t s  p a r a l l e l  t o  S i n  the  Phantom Lake S u i t e  
1 

and. these probab ly  were f i r s t  a c t i v e  du r ing  F, f o l d i n g .  These f a u l t s  ex- 

h i b i t  la rge  v e r t i c a l  movements--both normal and reverse, which caused re- 
' 

p e t i t i o n  o f  the  major  a n t i c l i n o r i u m  ax i s  i n  subarea 4 (French Joes A n t i -  

' c l i n o r i u m  o f  P l a t e  3 ) .  This  type o f  f a u l t  cou ld  e a s i l y  form i n  aniso- 

t r o p i c  sediments i n  response t o  the  same st resses t h a t  caused F  f o l d i n g .  1 

L i k e  the  F1 f o l d  a x i s ,  t he  f a u l t s  have been re fo lded  by P ro te rozo i c  



Figure 2.25.  Granite crosscutting the Stage Crossing Gneiss in  
the northern Medicine Bow Mountains, west side o f  Rock Creek, 
Sec. 25, T.19 N . ,  R.79 W. Granite was apparently folded i n t o  
F1 folds and in jectd  p a r a l l e l  t o  S f o l i a t i o n  suggesting that  1 intrusion o f  grani te  took place during deformation o f  the 
gnei sses. 



deformation (as i n  Sec. 1, T.18 N., R.79-W.). 

I n  the cen t ra l  Medicine Bow Mountains, evi-dence fo r  a pre-Deep Lake 

f o l d  system i n  rocks o f  the Phantom Lake Sui te  i s  not  as c l e a r l y  pre- 

served and both sequences appear t o  be fo lded together co-axial l y  i n t o  

F fo lds  (compare subarea 10 i n  the Phantom Lake Sui te  w i t h  subarea 11 2 

i n  the  Deep Lake Group). Farther southwest, there appears t o  be weak 

evidence f o r  east-west trending fo lds i n  the Phantom Lake Su i te  rocks i n  

the core o f  the Ar ras t re  An t i c l i ne  (subarea 14) but  not  i n  f l ank ing  Deep 

Lake Group rocks (subarea 13) . 

Baggat Rocks-Type G ran i t e  

Gran i t i c  gneisses crosscut Archean quartzo-feldspathic gneisses i n  

the Baggot Rocks area and metasedimentary rocks o f  the Stage Crossing 

Gneiss and Phantom Lake Metamorphic Su i te  i n  the northeastern Medicine 

Bow Mountains, near A r l  ington. The Baggot Rocks Granite i s  a phacol i t h i c  

body located i n  the hinge o f  a north-plunging ant i form I n  Archean gneis- 

ses. F o l i a t i o n  i n  the g ran i te  general ly  i s  p a r a l l e l  t o  f o l i a t i o n  i n  the 

gneiss but the g ran i t e  d e f i n i t e l y  crosscuts the gneiss i n  some areas 

(Houston and others, 1968). The g ran i t e  body near A r l  inqton i s  less we1 1 

exposed. However, i t  too  i s  general ly  s i l l - l i k e ,  conformable t o  S1 f o l -  

i a t i o n  i n  the metasedimentary and metavolcanic rocks, but i n  d e t a i l  

crosscuts the metasedimentary rocks. The g ran i te  l o c a l l y  appears t o  

post-date the development of Sl f o l i a t i o n  and g r a n i t i c  ve in le ts  are 

fo ldcd,  w i t h  S,, i n t o  F fo lds.  H w v e r ,  some grani tes are not  f o l i a ted  
3 

so we i n te rp re t  the i n t rus ion  episode t o  have been contemporaneous and 

dur ing the l a t e  stages o f  F1 f o l d i ng  o f  the metasedimentary rocks. 



Unfor tunate ly ,  on l y  a smal l '  area o f  g r a n i t e  ' i s  exposed i n  the no r th -  

e rn  Medicine Bow Mountains ; g r a n i t e  dutcrops a r e  bqunded by fhe A r l  i ng ton  

t h r u s t  f a u l t  of  Laramide age and ~ h a n e r o l o i c  sedimentary rocks, so we 

don' t know the o r  i g ina  1 ex ten t  ' o f  the A r l  i ngtori .gran i t e  body.. However, 

the in tens  i t y  o f  F f o l d i n g  ad jacent  t o -  the  gran i  t e  (discussed below), 
3 

and the  absence of any p o s i t i v e  g r a v i f y  anomaly  o oust on and o the rs ,  

1979, unpubl ished data) which might ,  i i id l icate a. con t i nua t i on  of  metavol-  

can ic  rocks t o  the  nor th, '  suggests . . t ha t :  there  may have 'been a s i zeab le  

g r a n i t i c  dome t o  the n o r t h  w h i ~ h  was a b u t t r e s s  aga ins t  which the  meta- 

sediments were deformed du r ing  ProterozOic orogenies and which may have.  

been s t r u c t u r a l  and topographic h igh land which bounded the  Deep Lake 

Group depos i t i ona l  basin. I f  so, outcrops o f  g ran i ' te  now exposed i n  the 

n d r t h e r n  Medicine B O ~  ~ o u n t a i n s  may be 'the s1 igh t ly  g ran i t i ' zed  margin o f  

a l a r g e r  g r a n i t i c  body. 

As discussed e a r l  i e r ,  we i n t e r p r e t  the Baggot Rocks-type gran i tes  
. . 

t o  be S-type g ran i tes  (chappel and White, 1974) which were der ived from 

p a r t i a l  me1 t i n g  o f  the o l d e r  qua r t zo - fe ldspa th i c  gneiss and i n t ruded  as 

s i l l s  and phaco l i t hs  on a v a r i e t y  o f  scales. 

PROTEROZO l C STRUCTURAL FEATURES 

Deep Lake Group--F2 Fo ld ing  

The e a r l i e s t  P ro te rozo i c  deformat ion i s  recorded i n  rocks o f  t he  

Dccp Lake Group, which unconformably n v e r l i e s  Archean g r a n i t e s  i n  the  

nor thern  Medicine Bow Mountains. Th is  deformat ion produced open, up- 

r i g h t ,  nor theas t - t rend ing  f o l d s ,  designated F2, which a re  approximately 

co-ax ia l  w i t h  F, f o l d s .  Thes,? f o l d s  . . .  can best  be seen i n  subareas 8, 9, 
. . 
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1 1 ,  12, 13, and 14, which l i e  a long a  s i n g l e  a n t k l i n e - s y n c l i n e  system 

i n  the  Deep Lake Group t h a t  t raverses  the e n t i  r e  Medicine Bow Mountains 

( A r r a s t r e  An t i c l i ne -Sand  Lake Sync l ine  o f  P l a t e  3 ) .  The t rend  o f  t h i s  

f o l d  system v a r i e s  from east-west t o  nor th -nar theas t  and plunges a re  

' sha l l ow  ( l e s s  than 30 degrees) t o  the southwest and nor theas t .  The re-  

l a t i o n s h i p s  o f  F  t o  F1 can best  be seen i n  the Cra ter  Lake area (Sec. 2  

35, T.18 N., R.79 W . )  where open f o l d s  i n  the  Deep Lake G C O U ~  a re  co- * 
a x i a l  w i t h  t i g h t  tn I s n c l l h a l  f n l r l  i n  the unccrnformably under ly ing  Phan- 

tom Lake S u i t e  and i n  subareas 12 and 1 1  where F and Fl f o lds  a r e  co- 
2  

a x i a l  bu t  one l imb o f  t he  f o l d  i n  the  Phantom Lake S u i t e  i s  over tu rned 

whereas f o l d s  i n  t he  Deep Lake Group a re  u p r i g h t  ( p l a t e  3 ) .  Apparent ly  

the  Deep Lake Group was deposi ted on a  fo lded  Phantom Lake S u i t e  sur face;  

then cont inued f o l d i n g  formed open bas in  and dome type fo lds  i n  the  Deep 

Lake Group w h i l e  more t i g h t l y  appressing f o l d s  i n  the Phantom Lake Su i te .  

Thc types o f  f o l d i n g  seen i n  the Deep Lake Group and the  accompanying 

l o n g i t u d i n a l  f a u l t s  o r e  typical of c o n t i n e ~ i t a l  p l a t f o r m  fcrldilsg seer1 i1 .1  

areas l i k e  the  Gu l f  Coast today (Hobbs and o thers ,  1976). 

Timing o f  F  f o l d i n g  i s  cons t ra ined by t ime o f  depos i t i on  o f  the  
2  

Deep Lake Group which i s  invo lved i n  F f o l d s  and t ime o f  i n t r u s i o n  of  
2  

the  l a rge  gabbroic  s i l l s  and d ikes which crosscut  F f o i d s  and do no t  
2 

possess an S f o l i a t i o n  ( ~ a r l s t r o m  and Houston, 1979b). Th is  f o l d i n g ,  
2 

there fore ,  took p lace a f t e r  2500 m.y., the  i n f e r r e d  age o f  the no r the rn  

g ran i tes ,  and before 2150 m.y., the i n f e r r e d  age o f  gabbroic  s i l l s .  How- 

. . 
ever,  as shown i n  Table 2.27 and repor ted  by Kar ls t rom and Houston 

(1979b), i t  remains poss ib le  t h a t  F  f o l d i n g  may have taken p lace as l a t e  2  

as 1700 m.y. i f  t he  gabbroic  s i l l s  i n  the  Deep Lake Group are  a l s o  1700 

m.y. o l d .  



Deep Lake Group--F and F Fo ld ing  
3-----A 

Rocks o f  the Phantom Lake S u i t e  and Deep Lake Group r e t a i n  evidence 

o f  a 1ate.r f o l d  system--F The deformation was in tense enough i n  the 
3 

. no r the rn  Medi'cine Bow Mountains t h a t  i n  subareas 1 and 5, F has obscured 
3 

e a r l i e r  s t r u c t u r e s  and i s  t he  dominant f o l d  system seen i n  mesoscopic 

f o l d s  and i n  s te reograph ic  p l o t s  of  bedding and f o l  i .a t ion  ( P l a t e  3) .  I n  

subarea 1 , 'po les  t o  bedding and f o l i a t i o n  i n  the  Phantom Lake S u i t e  p l o t  

together  i n  a g rea t  c i r c l e  g i r d l e  d e f i n i n g  a west-plunging f o l d  a x i s  

which . i s  subpara l l e l  t o m i n o r  f o l d  a x i s  1- ineat ions and minera l  l i n e a t i o n s .  

The f o l d  a x i s  i s  perpend icu la r  t o  the:rnaximum o f  poles t o  bedding and 

f o . l i a t i o n  so F i s  rec l i ned .  Subarea 5 shows a s i m i l a r  west-plunging, 
3 . . 

r e c l  ined F f o l d  system i,n the  Deep Lake Group. However i n  subarea 5A, 
3 

the maxi'mum o f  poles t o  bedding inc ludes bo th  u p r i g h t  and over tu rned beds 

prov. id ing evidence f o r  an e a r l  i e r ,  F2, f o l d  system. 

North-trend. ing, west-plungi.ng, r e c l i n e d  . F .  f o lds  are  present  i n  sub- 
3" 

areas 1 ,  3, 5, 6,  7, and 8 - - a l l  i n  areas c lose  t o  the  Laramide boundaries 

of Precambrian ou tc rop  (P la te  3 ) .  Because o f  t h i s  s p a t i a l  r e l a ' t i ~ n s h i ~ ,  

we have wondered whether t h i s  f o l d  system might  be Laramide i n  age. How- 

ever,  the  p l a s t i c  deformation seen i n  mesoscopic F s t r u c t u r e s  suggests 
3 

t o  us t h a t  the  f o l d i n g  was Precambrian i n  age and we p re fe r  t o  b e l i e v e  

t h a t  the in tense development o f  F i n  these areas and the (much l a t e r )  3 .  
propagat ion o f  Laramide fa"1ts bo th  r e f l e c t  an o l d e r  Precambrian c r u s t a l  

weakness, poss ib l y  r e l a t e d  t o  the margin between a l a rge  g r a n i t i c  dome 
. . . . . , 

o r  "highland" t o  the  n o r t h ' a n d  a P ro te rozo i c  sedimentary bas i n  t o  the 

south. 
. . 

Several mesoscopic f o l d s  i n  t he  no r the rn  Medicine Bow Mountains show 
. ,. . . ' ~ . '  



a l a t e r  nor thwest - t rend ing f o l  i -a t ion ,  which crenulates F fo lds  (P la te  
3 

3 ) ,  and s imi  l a r  nor thwest- t rending fo lds  and f0.1 i a t i o n  a re  present  i n  

the c e n t r a l  Medicine Bow' Mountains, where F f o l d s  and gabbroi c  i n t r u -  
2 

s ions  are g e n t l y  warped. W e  r e f e r  t o  t h t s  nor thwest - t re r~d iny  i i e . ~ . ~ u l a -  

t i o n  s c h i s t o s i t y  and the  warping o f  megascopic s t ruc tu res  as F ".F may 4 '  . 4 

represent  a modest change . in  o r i e n t a t i o n  o f  p r i n c i p a l  s t resses dur ing  

the  same deformat ional  event which produced F f o l d s  or i t  may represent 
, .  . 3 * 

a l a t e r  deformat ion .  c e r t a i n l y  bdth the  development o f  west-pl  . unging . 

r e c l i n e d  f o l d s  i n  the  n o r t h e r n ' ~ e d i c i n e  Bow Mountains and the deve'lop- 

ment of broad fo lds  and nor thwest- t rending f o l  i a t i o n  i n  the c e n t r a l  Med- 

i c i n e  Bow Mountains pos t -dated, the  in t rus . ion  o f  .gabbroi.c s i l l s  and the 

s t r e s s  f i e l d s  needed-to produce both types. o f  f o l d s  are roughly s i m i l a r  

( i .e .  northeast-southwest compression).., Thus, f o r  s i m p l i c i t y ,  we i n t e r -  

p r e t  F' and t 4  t o  represent a somewhat heterwyertrvus. Jsfor-maC ion, pl-ob.;. 
3 

ab l y  r e l a t e d  t o  P ro te rozo ic  deformations seen i n  the o v e r l y i n g  Libby 

Creek Group. 

Libby Creek G roup--Th rus t Fau 1 t i  ng 

S t r u c t u r a l  s t y l e  i n  the Libby Creek Group i s  so d i f f e r e n t  from t h a t  

o f  the  Deep Lake Group and Phantom Lake Sut te  t h a t  we w i l l  d iscuss i t  

separa te ly  be fore  t r y i n g  t o  r e l a t e  s t r u c t u r e s  i n  the L ibby Creek and 

Deep, Lake Groups t o  one another and t o  an i n t e r p r e t i v e  overview 'o f  the 

t e c t o n i c  h i s t o r y  of t he  Medicine Bow Mountains. 

. . The L ibby Creek Group s t r i k e s  nor theast  and stands on end, w i t h  

d ips  near v e r t i c a l  a t  the  Mul len Creek-Nash Fork shear zone (subarea 20 

o f  P l a t e  3) and 50 t o  60 degrees southeast near the  contact  w i t h  the  Deep 

Lake Group (subarea 15). The o v e r a l l  s t r u c t u r e  of the Libby Creek Group 



can b e s t  be v i s u a l i z e d  as t h e  s teep l imb  o f  a  la,rge sou th - f ac i ng  mono- 

c l i n a l  f l e x u r e  ( P l a t e  3 ) .  Perhaps t he  most impor tan t  aspect  o f  recen t  

s t r u c t u r a l  i n t e r p r e t a t i o n s  o f  t h e  L i bby  Creek Group ( ~ a n t h i e r ,  1978; 

Ka r l s t r om and Houston, 1979b) i s  t he  presence o f  severa l  major  reverse  

f a u l t s  which rough ly  f o l  low t h e  L ibby  Creek Group-Deep Lake Group con- 

t a c t  ( ~ e s e r v o i r  Lake F a u l t  o f  P l a t e  3) and bedding con tac t s  w i t h i n  t he  

L i bby  Creek Group (Lewis Lake F a u l t  of  P l a t e  3) and cause t e c t o n i c  a t t e n -  

u a t i o n  o f  t he  L ibby  Creek Group sec t i on .  Evidence f o r  such f a u l t s ,  i n  

a d d i t i o n  t o  b recc ias  a n d . f a u l t  scarps a long  t h e  f a u l t  t r a c e ,  i s  t h a t  mas- 

s i v e  q u a r t z i t e  s e c t i o n s  o f  b o t h  t he  Medic ine Peak (1700 m t h i c k )  and 

Sugar loaf  (600 m t h i c k )  q u a r t z i t e s  a b r u p t l y  p i nch  t o  ze ro  th ickness ,  then 

reappear a t  normal t h i ckness ,  . a l ong  s t r i k e  ( P l a t e  1 ) .  A lso,  major  t r ans -  

ve rse  f a u l t s  i n  t he  Lower ~ i b b ~  Creek Group t e rm ina te  a t  t he  I n f e r r e d  

t h r u s t s  and a re  n o t  p resen t  e i t h e r  i n  f o o t w a l l  rocks o f  t he  Deep Lake 

Group o r  younger hanging . . w a l l  rocks o f  t he  Upper L ibby  Creek Group ( P l a t e  

1 ) .  We b e l i e v e  t h a t  t e c t o n i c  a t t e n u a t i o n  o f  t h i s  magnitude, as w e l l  as 

d i f f e r i n g  s t r u c t u r a l  s t y l e s  between hanging w a l l  and f o o t w a l l  suggest 

l a r g e  amounts o f  movement and we p o s t u l a t e  t h a t  these reverse  f a u l t s  were 

o r i g i n a l l y  t h r u s t  f a u l t s  t h a t , h a v e  subsequent ly been r o t a t e d  t o  s teep a t -  

t i  tudes. 

There a r e  t h r e e  main f o l d  systems recorded i n  rocks o f  t h e  L ibby  

Creek Group. The main one, and presumably t he  e a ' r l i e s t ,  r o t a t e d  t h e  

L ibby  Creek Group rocks and t he  i n f e r r e d  t h r u s t  f a u l t s  con ta ined  t h e r e i n  

' t o  s u b v e r t i c a l  a t t i t u d e s .  T h i s  s t r u c t u r e  i s  r e f e r r e d  t o  as F  f o r  the  1 

L i bby  Creek Group and i s  r e f l e c t e d  i n  p l o t s  o f  po les  t o  bedding i n  sub- 

areas 17, 18, and 20. A secondary deformat ion,  which may have been vr l ly  



s l i g h t l y  l a t e r  than  t he  f i r s t  caused f l e x u r i n g  about a nor thwest -south-  

e a s t  t rend .  T h i s  f o l d  system F i s  b e s t  seen i n  subareas 15 and 18. A 
2 ' 

t h i r d  f o l d  system, F seen i n  areas c l o s e  t o  t he  Mu l len  Creek-Nash Fork 
3 ' 

shear  zone, r o t a t e d  e a r l i e r  s t r u c t u r a l  e lements about a near  v e r t i c a l  

a x i s  i n  response t o  l e f t - l a t e r a l ,  s t r i k e - s l i p  movement on t he  shear zone. 

T h i s  r o t a t i o n  i s  seen i n  subarea 19, where s t e e p l y  p l ung ing  . . f o l d  a x i s  

l i n e a t i o n s  and q u a r t z  c - a x i s  a r e  r e d i s t r i b u t e d  on a smal l  c i r c l e  about  a 

v e r t i c a l  f o l d  a x i s  (Houston and Parker ,  1963), i n d i c a t i n g . f l e x u r a 1  s l i p  

r e - f o l d i n g  o f  a p r e - e x i s t i n g  l i n e a t i o n .  T h i s  l a s t  de fo rmat ion  may a l s o  

have produced c r e n u l a t i o n s  i n  subareas 18 and 20. 

The b e s t  c l u e  t o  t h e  t i m i n g  o f  deformat ions i n  t h e  L i bby  Creck Group 

i s  t h a t  rocks w i t h i n  t h e  Mu1 l e n  Creek-Nash Fork shear zone (subarea 21) 

and rocks sou th  o f  t h e  shear zone (subarea 22) show s t r u c t u r a l  f e a t u r e s  

s i m i l a r  t o  those of  t h e  L ibby  Creek Group sugges t ing  s i m i l a r  t e c t o n i c  

h i s t o r i e s .  H i l l s  and Houston (1979),  f rom geochronolog ic  da ta ,  showed 

t h a t  t h e  l a s t  ma jo r  movements across t he  shear zone took  p l ace  around 

1700 m.y. ago contemporaneous w i t h  metamorphism o f  t he  L ibby  Creek Group, 

and they i n t e r p r e t e d  b o t h  i n  terms o f  an i s l a n d  a rc - c ra ton  c o l l i s i a n a l  

orogeny. As d iscussed  i n  more d e r a l l  l a r e r ,  we b e l i e v e  thaL d l 1  three 

defo rmat ions  observed i n  the  L i bby  Creek Group were r e l a t e d  t o  t h i s  1700 

m.y. orogeny. We i n f e r  t h a t  subho r i zon ta l  t h r u s t i n g  took p l a c e  f i r s t  i n  

t he  m iogeoc l i na l  L i bby  Creek Group f o l l o w e d  by r o t a t i o n  o f  the  i i b b y  

Creek Group and t h e  t h r u s t s  t o  near  v e r t i c a l  p o s i t i o n  i n  t h i s  area and 

metamorphism o f  t h e  sediments t o  a m p h i b o l i t e  grade. Then t he  nor thwes t  

warp ing  and v e r t i c a l  r o t a t i o n s  were formed d u r i n g  a ch'ange from compres- 

s i o n a l  t o  s t r i k e - s l i p  movements i n  an o b l i q u e  c o l l i s i o n  zone. 



l n t r u s  i on  o f  Gabbroic Rocks 

I n t e r p r e t a t i o n  o f  t h e  t i m i n g  o f  d e f o r m a t i ~ n s  i n  t h e  L ibby  Creek 

Group r e l a t i v e  t o  t h a t  o f  t h e  u n d e r l y i n g  metasedimentary success ions 

depends t o  a l a r g e  degree.on ev idence from t h e  gabb ro i c  i n t r u s i v e  rocks 

which c rosscu t  a1 1 t h r e e  sequences of, metasedimentary rocks.  I n  t h e  

Phantom Lake S u i t e  and Deep Lake Group, t h e s e . i n t r u s i v e s . a r e  l a r g e  bodies 

( k i l o m e t e r s  long  and severa l  hundred meters wide) wt i ich were emplaced 

a long  bedding and f a u l t  p lanes and a r e  g e n e r a l l y  concordant t o  bedding. 

These can l o o s e l y  be r e f e r r e d  t o  as s.i 11s. I n  t h e  ~ i b b ~  Creek Group t h e  

gabb ro i c  rocks a r e  l ess  abundant and a re  ma in l y  s m a l l e r  c r o s s c u t t i n g  

d i kes  except  i n  areas ad jacen t  t o  t h e  Mu l l en  Creek-Nash Fork shear zone, 

where l a r g e  s i l l s  reappear. 

Large s i l l s  i n  the  lower  metasedimentary sequences a r e  p h a c o l i t h i c  

bodies which, i n  d e t a i l ,  c rosscu t  F and F f o l d s  ( P l a t e  1, Secs. 10, 11, 
1 2 

T.16 N., R.80 W.). They a r e  f o l d e d  by F and F,, and l o c a l l y  possess n o r t h  
3 

and no r thwes t - t r end ing  S and S,, f o l i a t i o n s .  The d i r e c t i o n  o f  opening o f  3 
seve ra l  o f  t h e  s i l l s  suggests t h a t  they were emplaced unde.r a s t r e s s  . ; 

f i e l d  w i t h  extens i o n  i n  a. :northwest-southeast d i  r e c t i o n  (nor . theast -south-  

wes t~compress ion)  wh ich  i s  approx imate ly  t he  same s t r e s s  f i e l d  needed t o  

generate F ( ~ a r l s t r o m ,  1977; K a r l s t r o m  and Houston, 1979b). Thus, the  3 
s i l l s  were i n t r u d e d  a f t e r  F f o l d i n g  i n  t he  Deep Lake Group and be fo re  

2 

or .  i n  t he  e a r l y  stages o f  F f o l d i n g .  T h o l e i i t i c  s i l l s  (Houston and 
3 

o the rs ,  1968) of  t h i s  t ype  a r e  commonly i n t e r p r e t e d  as evidence f o r  ex- 

t e n s i o n a l  t e c t o n i c s  which accompanies r i f t i n g  ( ~ a y ,  1971; Windley,  1977; 

Burke, 1980) and we i n t e r p r e t  these s i  11s i n  t h i s  1 i gh t - - as  ev idence f o r  

nor thwes t -sou theas t  r i f t i n g  a.long the sou th  marg in  o f  the  Wyoming Prov ince .  



I f  t h i s  i s  t r u e ,  t he  s i l l s  must b e . o l d e r  than the postu la ted 1700 m.y. 

c o l l i s i o n a l  orogeny and may be analogous t o  the.2150 m.y . .o ld  N i p i s s i n g  

diabase o f  t h e  Canadian Huronian supergroup and the 2100 m.y. . o l d  maf ic  

s i l l s  i n  the  Black H i l l s  of South Dakota (~edden ,  1 9 8 ~ ) .  

Some o f  t he  gabbroic dikes i n  the  Libby Creek Group may.also be re- 

l a t e d  t o  r i f t i n g  processes.. Th is  i s  supported by gradation,al  and appar- 

e n t l y  mutua l ly  c r o s s c u t t i n g  contact  ~ :o l s t i ons l i i ps  bctwccn soilli: ~ ~ ~ c l F i c  

d ikes  and the  Gaps l rondh jemi te  which has y i e l d e d  a 2000 m.y. date (car1 

Hedge, personal commun i ca t  ion, 1980) . However, these i n t  rus ives a re  more 

alkaline than the  t h o l e i i t i c  s i l l s . i n  the under ly ing  successions ( ~ i ~ u r e  

2.19) and we speculate t h a t  some o f  t he  dikes i n  the  Libby Creek Group, 

w h i l e  s t i l l  r e l a t e d  t o  the  2100-2000 m.y. r i f t i n g  event,  may be s l i g h t l y  

younger than the  l a rge  t h o l e i i t i c  s i l l s .  Other d ikes i n  the L ibby Creek 

Group and la rge  s i l l s  and dikes near the Mul len Creek-Nash Fork shear 

zone may be associated w i t h  the  1700 m.y. orogeny. Th is  i n t e r p r e t a t i o n  

i s  supported by the  h igher  concent ra t ion  o f  mafic b ~ d i e s  c l ~ s e  t o  the 

shear zone and by evidence t h a t  maf ic  d ikes and s i l l s  crosscut  the major 

reverse f a u l t s  as we1 1 as the Mu1 len Creek-Nash Fork shear zone ( p l a t e  1). 

Thus, we pos tu la te  a t  l eas t  two ages o f  maf ic  i n t r u s i o n s :  a com- 

pound episode about 2100-2000 m.y. which produced both t h o l e i i t i c  s i l l s  

and morc a l l ca l i nc  dilccs a t  h ighc r  s t r u c t u r a l  l c v c l s ,  and an cpisodc rc -  

l a t e d  t o  c o l l i s i o n  about 1800-1700 b.y. ago, and we hypothesize a some- • 
what d i f f e r e n t  i n t e r p r e t a t i o n  o f  the t im ing  o f  deformations than was pre- 

sented i n  e a r l i e r  papers ( ~ a r l s t r o m  and Houston, 1979b). As shown i n  

Table 2.26, we now i n t e r p r e t  the i n t r u s i o n  o f  s i l l s  i n  the Deep Lake 

Group and Phantom Lake S u i t e  and some dikes i n  the  Libby Creek Group t o  



' have pre-dated t he  F f o l d i n g  i n  t he  L ibby  Creek Group. A d d i t i o n a l  e v i -  
1 

dence f o r  t h i s  i n t e r p r e t a t i o n  comes f rom L a n t h i e r  (1978) who shows l a r g e  

s ' i l l s  i n  t he  upper Deep Lake Group which a r e  c rosscu t  by t he  basa l  t h r u s t  

f a u l t  ( t h e  Reservo i r  Lake F a u l t  of . p l a t e  3) .. . By t h i s  i n t e r p r e t a t i o n ,  F 
3  

f o l d i n g  i n  t he  n o r t h e r n  Medic ine Bow Mountains e i t h e r  preceded o r  was 

contemporaneous w i t h  F f o l d i n g  and t h r u s t  f a u l t i n g  i n  the L ibby  Creek 
1 

Group; and F,, f o l d i n g  i n  t h e  lower  sequences would be contemporaneous 

w i t h  F2 f o l d i n g  i n  t h e  L ibby  Creek Group  a able 2.26): 

LAKAMllJt S T ~ U C T U R A L  FEATURES 

Before proceeding t o  a  Precambrian t e c t o n i c  syn thes i s ,  it. i s  u s e f u l  

b r i e f l y  t o  examine t h e  comp lex i t i es  and u n c e r t a i n t i e s  i n t r oduced  by Lar-  

ami de up1 i ft. The. bes t  documented Laramide s t r u c t u r a l '  f ea tu res .  i nc l ude :  

the  A r l i ng ton -Co rne r  Mountain t h r u s t  wh'ich bounds t h e  Medic ine Bow Moun- 

t a i n  u p l i f t  on i t s  eas t  s i de ;  seve ra l  o t h e r  wes t -d ipp ing  t h r u s t s  which 

bound t he  eas t  s i des  o f  b l ocks  o f  Archean gneiss i n  t he  wes te rn  Medic ine 

Bow Mountains; and a t  l e a s t  two r l g h t - l a t e r a l  f a u l t s  w i t h  up t o  severa l  

k i l o m e t e r s o f  d i sp lacemen twh i ch  t r a v e r s e t h e m e t a s e d i m e n t a r y s e c t i o n a n d  , 

o f f s e t  t he  Ar l ing ton-Corner  Mountain t h r u s t  ( P l a t e  3 ) .  There a r e  a l s o  

numerous s m a l l e r  f a u l t s  which i n v o l v e  Mesozoic and T e r t i a r y  rocks and we 

presume t h a t  most o f  the f a u l t s  shown i n  P l a t e  3 moved d u r i n g  t h e  Lara- 

mide orogeny. I n  f ac t ,  we i n t e r p r e t  t h e  p a t t e r n  o f  fau l t -bounded b locks  

seen i n  P l a t e  3 t o  be a basement c o n t r o l l e d  b u t  Laramide r e a c t i v a t e d  sys- 

tem o f  f a u l t s  and we e n v i s i o n  t he  mechanism o f  Laramide u p l i f t  t o  be 

b r i t t l e  f a i l u r e  a long  a myr iad  o f  such f a u l t s  and m i c r o f r a c t u r e s .  I f  so, 

observed map displacements i n  Precambrian rocks o f t e n  w i l l  be a r e s u l t  

o f  bo th  Precambrian and Laramide movements which need n o t  show the  same 



r e l a t i v e  motions and which may n o t  be d i s t i ngu i shab le .  Here, again, the 

gabbroic  i n t r u s i v e s  a re  sometimes useful  i n  e s t a b l i s h i n g  the  t ime o f  de- 

formation. Fau l t s  which have been i n t ruded  by gabbroic  rocks c l e a r l y  

moved i n  t h e  Precamhri an p r i o r .  t o  the episode or lllagrna l n r  rus ion  whi l e  

f a u l t s  which o f f s e t  gabbroic  rocks may be Laramide f a u l t s .  



. SYNTHES I S- -A  PRECAMBRIAN TECTON I c HI  STORY OF THE MED I c INE BOW MOUNTAINS 

The f o l l o w i n g  i s  an a t tempt  t o  understand t h e  observed s t r a t i g r a p h i c  

and s t r u c t u r a l  r e l a t i o n s h i p s  i n  t h e  Medic ine Bow Mountains i n  terms o f  

p l a t e  t e c t o n i c  models. We f e e l  t h a t  a model f o r  sou theas te rn  Wyoming 

i n v o l v i n g  Archean permob i le  t e c t o n i c s  r e l a t e d  t o  m i c r o p l a t e  t e c t o n i c s  

f o l  lowed by r i f t i n g ,  miogeocl  i n a l  ( pass i ve  marg in)  sed imenta t ion ,  and i s -  

land  a r c - c o n t i n e n t  c o l l i s i o n  i n  t he  E a r l y '  P r o t e r o z o i c  has numerous advan- 

tages. I t  f i t s  e x i s t i n g  g e o l o g i c  and geochrono log ic  da ta  very  w e l l  

( ~ i  11s' and Houston, 1979) and i t  p rov ides  a framework t o  b e t t e r  understand 

and t e s t  f u t u r e  data.  F i g u r e  2.26 and Tab le  2.27 1, is t  what we cons ider  

t o  be " f a c t s "  so t h a t  c r i t i c a l  readers and f u t u r e  workers  i n  t h e  area 

can d i s t i n g u i s h  f a c t  f rom i n fe rence  i n  t h e  f o l l o w i n g  d i scuss ion .  F i g u r e  

2.27 i s  a s e r i e s  o f  ca r toons  d e p i c t i n g  o u r  model f o r  the  t e c t o n i c  h i s t o r y  

o f  sou theas te rn  Wyoming. 

ARCHEAN SEDIMENTATION AND TECTONICS 

The o l d e s t  rocks i n  t he  Med ic ine  Bow Mountains a r e  t h e  q u a r t z o - f e l d s -  

p a t h i c  gneisses i n  t he  western p a r t  o f .  t h e  range. These rocks have 

y i e l d e d  a metamorphic age o f  2500 m.y. ( H i l l s  and Houston, 1979). The 

h i s t o r y  o f  these rocks i s  p o o r l y  known b u t  ana log ies  w i t h  s i m i l a r  gneis-  

s i c  t e r ranes  i n  the  G r a n i t e  Mountains (Peterman and H i l d r e t h ,  1978), t he  

Laramie Mountains ( G r a f f  and o t h e r s ,  1978) and t h e  S i e r r a  Madre (Gra f f ,  

1978; D i v i s ,  1976, 1977) suggest a complex h i s t o r y ,  shown i n  F i g u r e  2.26, 

i n v o l v i n g :  d e p o s i t i o n  o f  volcano-sedimentary p r o t o l i t h s  t o  t he  gneisses 

p o s s i b l y  p r i o r  t o  2900 m.y.; r e g i o n a l  metamorphism around.2900-3000 m.y.; 

i n t r u s i o n  o f  t o n a l i t i c  magmas accompanying f o l d i n g  and reg iona l  metamor- 

phism around 2700 m.y.; and i n t r u s i o n  o f  g r a n i t i c  magmas accompanying 
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Figure 2.26. Precambrian geologic history of the Medicine Bow Mountains. 
solid box=geochronological data, showing analytical error; vertical lines=preferred 
interpretation; solid line-possible range of timing of event. See Table 2.27 
for references and justification of dates shown. 



r eg iona l  metamorphism around 2500 m.y. ( ~ i  11s and Houston, 1979). O f  

these, t he  o n l y  event  p o s i t i v e l y  recognized i n  the  g n e i s s i c  t e r r a n e  o f  

t he  Medic ine Bow Mountains i s  t he  tec tono- therma l  even t  a t  2500 m.y. and 

t h e  i n t r u s  i o n  o f  t he  synorogenic  Baggot . . Rocks .G ran i t e  ( ~ i  11s and o t h e r s ,  

1968). however, s t r u c t u r a l  da ta  i n d i c a t e  t h a t  t h e  g n e i s s i c  basement was 

deformed b e f o r e  d e p o s i t i o n  o f  t h e  Phantom Lake Metamorphic S u i t e ,  wh ich  

i s  a l s o  i n t r u d e d  by presumed 2500 m .y . . o l d  synorogenic  Baggot Rocks-type 

g r a n i t e s ,  sugges t ing  pre-2500 m.y. tec tono- therma l  events  i n ' t h e  gneisses.  

Depos i t i on  o f  bo th  the  Stage Cross ing Gne iss 'and  t h e  Phantom Lake 

Metamorphic Su. i te  i s  presumed t o  have t a k e n . p l a c e  on a basement g i i e i s s  

t e r r a n e  s i m i l a r  t o  t h a t  o f  t he  wes te rn  Med ic ine  Bow Mountains a l t hough  

metavo lcan ics  and metasediments a r e  n o t  i n  d i r e c t  c o n t a c t  w i t h  t he  

q u a r t z o - f e l d s p a t h i c  gneisses. As d iscussed e a r l i e r ,  t he  Stage Cross ing 

Gneiss i s  a vo lcanogenic  succession, perhaps on t h e  o r d e r  o f  .5  km t h i c k .  

Th i s  was f o l l owed  by .5 km o f  v o l c a n i c l a s t i c  rock,  up t o  one km o f  arko-  

s i c  paraconglomerate ( l o c a l l y  r a d i o a c t i v e )  and f i n e - g r a i n e d  b i o t i t i c  

q u a r t z i t e ,  1-2 km o f  v o l c a n i c  rocks, and .8  km o f  f i n e - g r a i n e d  b i o t i t i c  

q u a r t z i t e .  Depos i t i on  appears t o  have taken p l a c e  i n  a r e l a t i v e l y  sma l l  

sedimentary bas i n  ( ~ i g u r e  2 . 2 2 ~ )  perhaps bounded on severa l  s i des  by  

g n e i s s i c  basement. 

The e a r l i e s t  de fo rmat ion  o f  the  Phantom Lake S u i t e  was p robab ly  

b road l y  contemporaneous w i t h  i n t r u s i o n  o f  g r a n i t i c  rocks near t h e  end o f  

t he  Archean ( F i g u r e  2.26).  Format ion o f  S f o l i a t i o n  i n  t he  Stage Cros- 1 

' s i n g  Gneiss and Phantom Lake S u i t e  appears t o  have preceded o r  accompanied 

g r a n i t i c  i n t r u s i o n s  as ev idenced by t he  f a c t s  t h a t  pegmat i tes a r e  f o l ded  

w i t h  S ,  and the  g r a n i t i c  body i s  l o c a l l y  f o l i a t e d  and g e n e r a l l y  conformable 



TABLE 2.27. REFERENCES AND .JUSTIFICATIONS FOR MAXIMUM, MINI IFAUM. AND PREFERRED AGES OF GEOLOGIC E\!ENTS SHOWN IN FIGURE 2.26. 

MAXIMUM 
1. Deposition of protoliths of 3100. f rom oldest rocks known 

Archean quertzo-feldspethic in th6 area [Peterman and 
gneisses. Hildreth. 1978). 

2. Formation of foliation end 
folding o f  quartzo-feldspethic 
gneisses. 

3. Deposition o f  units 1 and 2 
o f  Phantom La'te Suite. 

4. Deposition of units 3,4, and 
5 o f  Phantom Lake Suite. 

5. lntrusion of Beagot Rocks 
and related granites. 

2950. from oldest metamorphic 
date in  the area. 

2900. because Wyoming Province 
greenstone belts are mainly 2 7 m -  
2900 (Houston and Karlstrom, 
1980) end are similar t o  lower 
Phantom Lake Suite. 

2700, because upper Phantom 
Lake Suite Is more quartz-rich 
than typical greenstone belts. 
2505Z100, f rom Sierra Madre 
(Divis. 1977). 

6. F1 folding ot  Phantom Lake 2600, because Baggot Rocks- 
Suite and Baggot Rocks-type type granite Is involved in  fo ld ing 
granite. 

7. Upl i f t  and erosion. 2600, because Baggot Rocks-type 
granite was eroded. 

8. Deposition of E,eep Lake 2600. age of underlying granite. 
Group. 

9. f2 folding of Deep Lake Group 2600, became Deep Lake Group $ 
and re-folding of Phantom Lake ,involved in folding. 
Suite. 

10. intrusion o f  gabbroic sills in 2600, because sills intrude Deep 
Deep Lake Group and Phantom Lake ,Group. 
Lake Suite and dikes in  Libby 
Suite and dikes in  Libby Creek 
Group. 

11. Deposition of miogeociinal 2600, ;edimenaation was conternp- 
Lower Libby Creek Group. oranecus or later than that of u p p r  

Deep Lake Group. 

12. lntrusion of Gaps 
Trondhjemite. 

2600, 'ntrudes Lower Libby Cre,ek 
Group. 

13:' Deposition of miogeoclinal 2500, probably younger than Dee2 
Upper Libby Creek Group. Lake Group. 

MINIMUM PREFERRED 
2500k50, from metamorphic 2960, f rom the presence of pre-2700 my..  gnelsses in  
date on quartzo-feldspathic the Sierrs Madre (Hedge, personal communication, 
gneisses (Hills and others, 1968) 11979) and Laramie Mountains (Johnston and Hills, 

19761 end presence of 2900 metamorphic episodes in  
both these ranges. 

2300, because deformation 
preceded deposition o f  lower 
Phantom Lake Suite. 

2300, f rom intrusive contacts 
wi th Baggot Rocks-type 
granite. 

2300, from presumed intrusive ' 

relations to Baggot Rocks-type 
granite. 

2265k70 from Medicine Bows 
(Hills and others, 19681. 

2700, from evidence for regional metamorphism and 
inBrusion of synorogenic tonalites in  the Sierra Madre at 
abaut 2700 (Hedge, personal communication, 1979). 

2650, f rom analogy t o  Laramie Range (Graff and 
others, 1981). and Atlantic City (Bayley and others, 

, 19731 greenstone belts and from fact that deposition of 
the lower Phantom Lake Suite postdated folding in  the 
basement gneiss terrene. 

, 2650-2500, from structural and depositional(?) 
contlnuity wi th lower Phantom Lake Suite. 

2500, from prevalence of 2500 m.y. old grenites in  the 
Wyoming Province and elsewhere in  the world (Houston 
and Karlstrom, 1980). 

2000, because F1 predated 2500, because FI is interpreted t o  be a late orogenic 
deposition o f  the Deep Lake foldlng episode associated wi th  Intrusion of the Baggot 
Group. Rocks-type granite. 

2000, because basal Deep Leke 245@250D, shortly after metamorphism and intrusion 
Group contains granite clasts. " o f  ~grenitffi and coincident wi th a period of world-wide 

cratonic stabilization and erosion (Windley, 1977). 

2000, age of Gaps Trondhjemite 2450-2253, by analogy t o  the lower Huronian Super- 
(Hedge, personal communication, group and other Early Proterozoic sequences containing 
1979). uranlum-tearing fossil plecers (Roscoe, 1973, Houston 

and Karlstrom, 1980). 

1700, because folding predated 2200;just prior t o  rift ing and intrusion of gebbroic sills. 
intrusion of large gabbroic sills. , F2 is believed t o  have resulted f rom sediment loading 

anc: stresses due t o  rifting. 

1700, slils appear t o  be cut  by  \ 2150, by  analogy t o  Nipissing dlabase (Fairbairn end 
shear zone. other, 1969) end probability that thrust faults in the 

Lower Libby Creek Group crosscutsllls. 

:2000, age of intrusive Gaps 2250-2100 by analogy t o  upper Huronian Supergroup 
Trondhjemite. (Ycung, 1873). by presence of hematite rather than 

pyrite in  quartzites (Roscoe, 1973). and interpretation 
the: sedirdnts were deposited.on a rifted continental 
margin. 

'1755, poor quality RbSr date 20GO. preliminary 2000 m.y. Rb-Sr whole rock date 
reported by  Hills end Housron (Ca-1 Hedge, personal commonicetion. 1980). 
11979). 

1700, because sediments ace cut 2100-1900, by  analogy t o  the Marquette Range 
by  shear zone. Supergrou~ (Van Schmus, 1976). 



TABLE 2.27 (continued) REFERENCES AND JUSTIFICATIONS FOR MAXIMUM, MINIMUNI, AND PREFERRED AGES OF GEOLOGIC EVENTS SHOWN IN  FIGURE 2.26. 

MAXIMUM MINIMUM PREFERRED 

14. Ceposit ion o f  volcanogenic 2000, oldest date k n o w n  f r o m  any- 1600, m in imum age of c rossc~ t t ing  1800-1900, deposition must heve pre-dated the  major 
rocks south o f  shear zone. where south o f  the  shear zone i n  syn-orogenic granites (Hil ls and . orogenic activi ty a t  1700  and volcanogenic rocks are 

Nor th  America is about 1800  m.y. Houston, 1979). crosscut b y  large layered mafic complexes similar t o  the  
(Barker and others, 1976; Silver and 1780  m.y. gebbro complex i n  the southern Sierra Madre 
others, 1977). Oldest date I n  the  area (Snyder and Hedge, 1978). 
is a questionabh 1940 f70  m.y. date on  
granodiorite which crosscuTs volcen- 
ogenic sediments i n  the  Sierra Madre 
(Divis, 1977). 

15. I 7trusion of quartz d ior i te  2000, f r o m  questionable 1 9 4 0 2  7 0  m.v. 1600, f rom min imum age o f  i r t r u -  18.00-1900, f r o m  interpretat ion that  quartz-dlorites 
and granodiorite soutt. o f  date o n  granod or i te  I n  the  southern sive syn-kinematic granites represent bathol i thic intrusions o f  the  encroaching 
snear zone. Sierra Madre (Divis, 1977). (Hi l ls end others, 196B). island arc which should be  approximeteiy the same age 

as volcanogenic sediments. 

16. E mplacement o f  l a y e r a  2000, the  LekeOwen mafic complex 1700, the  Mullen Creek c o m p b x  is 1800, f r o m  date o f  1780  o n  a similar layered mefic 
mafic complexes south of  may crosscut the  Keystone quartz crosscut b y  the  granite o f  Horze complex i n  the southern Sierra fvladre (Snyder end 
snear zone. diori te which is similar t o  granodiorite Creek (Hil ls and Houston, 1979). Hedge, 1978). 

i n  the  Sierra Madre which could be as 
o ld as 1 9 4 0 5 7 0  m.y. (Divis, 1977). 

17. Intrusion o f  pre- and syn- 1725f  120 f r o n  granite o f  Horse 1600, f rom various dates o n  g~ani tes 1720, f rom Hills and Houston (1979). as an estimate o f  
crogenic granites south o f  Creek (Hil ls and Houston, 1979). i n  Sierra Madre and Niedicine Bows the  average o f  the  most  reliable dates (1730f  15; 
shear zone. (Hil ls and Houston,l979). 17255120;  1775*?). 

18. Fg folding i n  Deep Lake Group 2500, large sills i n  Deep Leke Group 1700, must be same age. o r  o l d r  1800-1 700, Fg interpreted'to be result o f  stresses gener- 
W and Phantom Lake Suite. are folded b y  Fj. than thrusts i n  L ibby  Creek G-oup eted b y  thrust fault ing end transmitted through the  
W because northeast t rend o f  thwgts sedimentery pile; locelizetion o f  fo ld lng may have been 
w crosscuts werping i n  the Deep'Lake related t o  p rox im i ty  t o  a large anisotropic block o f  

Group F2 structures which mey'be granite t o  the  north. 
related t o  Fg . 

19. Thrust ing i n  miogeocline 2000, v o l c a n o ~ n i c  rocks s w t h  of 1700, thrusting preceded majcr 1800-1700, interpreted as the f i rs t  effects o f  island are 
fo l lowed b y  F1 folding i n  L i b b y  sheer zone are interpreted 10 be  st r ikes l ip  movement on  sheer zone. collison end abduction; probably preceded major mete- 
Creek Group and i n  rccks south involved i n  thrusting. morphism of  L ibby  Creek Group at 1700  m.y. (Hil ls 
c-f shear zone. and others, 1968). 

20. F4/F2 fo ld ing i n  Deep Lake 2000, thrust favlts are folded b y  1600, folding probably occurod  1750-1700, fo ld ing reflects NE-SW compression, 
Group/L ibby Creek G-oup. b y  F4/F2. during orogenic activity. perhaps generated b y  change i n  orientation o f  stresses 

i n  an obl ique collision zone. 

21. FS/F3 fo ld ing i n  Deep Lake 2000, F5:F3 folding post-dates 1700, folding o f  French Creek 1750-1 700, Wilson ( 1  975)  reported tha t  the major 
Group/L ibby Creek Group. Fq/ F2. Syncline and development of metamorphism o f  the Lookou t  Schist, which was dated 

crenulations preceded major b y  Hil ls end others (1968) t o  be at 1700  m.y., was later 
strike-slip movement an shear than the development o f  F3 crenulations i n  L ibby  Creek 
zone. Group. 

22. Last major movement o n  1840, Horse Creek granite 1600, post-tectonic Red Granite 1725-1635, f r o m  Hil ls and Houston, (1979). strike-slip , 
Mul len Creek-Nash Fork ( 1  7 2 5 5  100) is crosscut b y  the  i n  thesierra Medre (1645f50: movement o f  the  shear zone is interpreted t o  rapresent 
shear zone. shear zone. 1 6 3 5 f 2 0 )  crosscuts the shear zone a change f r o m  the compressive stresses generated during 

(Hil ls and Houston, 1379; obduction t o  transform mot ion  towards the  end of the  
Divis, 1977). end o f  the orogenic ep,isode. 

23. l~ntrusion o f  mafic sills 1840, some mafic dikes crosscut the  1500, the  age o f  some pegmettes 1600-1 500, these dikes are interpreted t o  be late- end 
~ n d  dikes i n  shear zone. shear zone and appear t o  have invaded south o f  the shear zone (Hil ls and post-orogenic intrusions. 

folded thrust faults i n  the French others, 1968). 
Creek Synclinearea. 

24. l~ntrusion o f  ~ a r a m i e  1800, anorthosite could be 1385, the anorthosite is intruced 1 4 3 5 f 1 5 ,  date on  syenite which crosscuts b u t  is 
e,nonhosite. temporal ly related t o  layered mafic b y  the Sherman Granite. probably co-genetic w i t h  the anorthosite (Subbarayudu, 

complexes sourh o f  the  shear zone. 1975). 

25. l ntrusion o f  post-orogenic 1430f  60, f rom the  Sherman Granite 1380f30,  f rom the Colorado ' 1 3 8 5 f 3 0 ,  f r o m  the southern Medlcine Bow Mountains 
Sherman Granite. o f  the  Laramie Range (Subbarayudu, F ron t  Range (Petermen and (Hil ls and others, 1968). 

1975). others, 1968). 



w i t h  S 1 .  We v i s u a l i z e  a t e c t o n i c  regime where deformation proceeded 

contemporaneous w i t h  and perhaps as a consequence o f  i n t r u s i o n  o f  gran- 

i t i c  d i a p i r s  which o r i g i n a t e d  by p a r t i a l  m e l t i n g  o f  qua r t zo - fe ldspa th i c  

gneisses (and perhaps i n  p a r t  Phantom Lake S u i t e  metasediments), moved 

upward i n  response t o  gravitational.instabilities caused by dens i t y  d i f -  

ferences, and were emplaced main ly  as s i  11s and p h a c o l i t h i c  bodies a t  

l ~ i g h o r  s t r u c t u r a l  l e v e l s .  The processes may have been s i m i l a r  i n  many 

respects t o  the  fo rma t ion  o f  gne iss ic .  core complexes i n  the Cordi 1 l e ran  

i n f r a s t r u c t u r e  (Best and others;  197k.; Reesor; 1970; Davjs and Coney, 

1979). F f o l d i n g  i n  the  Phantom Lake S u i t e  r e s u l t e d  i n  the  fo rmat ion  
1 

o f  t i g h t ,  nor theas t - t rend ing ,  n0r.thwes.t d ipping,  over tu rned f o l d s  w i t h  

sha l  low plunges. ~umerous h igh  angle f a u l t s ,  both normal and reverse, 

developed p a r a l l e l  t o  the  a x i a l . p l a n e  probably du r ing  t h i s  deformation. 

P r o t a  p l a t e  t e c t o n i c  models f o r  depos i t ion  and deformation of the 

Phantom Lake Metamorphic Su i te ,  whi. le n o t  necessa r i l y  compel l ing, might 

be h e l p f u l  i n  understanding several  reg iona l  r e l a t i o n s h i p s .  Archean 

sedimentary sequences which may be approximate ly  t he  same age ( o l d e r  than 

2700 rn.y.) occur i n  the  S i e r r a  Madre, Medicine Bow Mountains, Laramie 

Range (Graff  and o thers ,  1981), H a r t v i l l e  U p l i f t  (Snyder, 1980) and per- 

haps the B lack  H i l l s  ( ~ e d d e n ,  1980). The c o n f i g u r a t i o n  o f  ou tc rop  areas 

(Figrlrc 2.22A) combincd w i t h  tho  d i f f c rences  i n  1 i t h o l o g i e s  suggest t h a t  

each o f  these areas represents d i f f e r e n t  vo l can i c  and sedimentary condi- 

t i o n s  and p o s s i b l y  d i f f e r e n t  sedimentary basins. These volcano-sedimen- 

t a r y  successions may w e l l  be d i f f e r e n t  ages bu t ,  even so, i t  i s  i n t e r -  

e s t i n g  t o  no te  t h a t  each o f  these basins i s  located along a l i n e  p a r a l l e l  

t o  major P ro te rozo i c  p l a t e  boundaries and p a r a l l e l  t o  a l i n e  o f  greenstone 



b e l t s  i n  c e n t r a l  Wyoming. As shown i n  F i g u r e  2.22A, bo th  p a r a l l e l i s m s  

migh t  be understood us ing  a  p r o t o . p l a t e  t e c t o n i c  model i n v o l v i n g  an Ar- 

chean i s l a n d  a r c  complex: t he  l i n e  o f  sma l l  Archean sedimentary  bas ins  

near t he  south marg in  o f  t he  Wyoming Prov ince  may represen t  d i f f e r i n g  

c o n t r i b u t i o n s  o f  vo lcanism and sedimentat  ion,  i .e. d i f f e r i n g  t e c t o n i c  

. c o n d i t i o n s ,  a long  a c r a t o n i c  marg in  o r  i n  a  f o r e - a r c  bas in  s e t t i n g  and 

the  inboard  l i n e  o f  greenstone b e l t s  may represen t  back-arc  bas ins  o r .  

i n t r a c r a t o n i c  sed imenta t ion  and vo lcan ism r e l a t e d  t o  r i f t i n g .  (See a l s o  

Condie, 1972, f o r  a  p l a t e  t e c t o n i c  model o f  t h e  A t l a n t i c  C i t y  greenstone 

t e r rane . )  By t h i s  model, t he  La te  Archean U- and K - r i c h  g r a n i t e s  o f  t he  

Gran i t e  Mountains (S tuck less ,  1979) and n o r t h e r n  Laramie Range ( ~ a r l s t r o m  

and Hous'ton, 1981), which we b e l i e v e  were t he  major  source o f  uranium f o r  

sou theas te rn  Wyoming foss i 1 p l ace rs ,  may represen t  areas where p a r t i a l  

m e l t i n g  o f  mant le  rocks i n  subduc t ion  compl'exes was contaminated by con- 

t r i  b u t  ions f rom fragments o f  01 der c o n t i n e n t a l  c r u s t  ( F i g u r e  2 . 2 2 ~ )  so 

t h a t  t he  r e s u l t i n g  b a t h o l i t h i c  g r a n i t e s  were en r i ched  i n  U 2nd K. Th i s  . .  

s i t u a t i o n  may have been analogous t o  f o rma t i on  o f  h i g h l y  s i l i c i c  and po- 

t a s s i c  g r a n i t e s  o f  t he  Malay Pen insu la  o f  t he  Indonesian reg ion  (Hamil-  

ton,  1979, P. 71).  

The d e t a i l s  o f  such a  p l a t e  t e c t o n i c  model f o r  the  La te  Archean o f  

the  Wyoming p rov ince  a r e  eng imat ic ,  b u t  we e n v i s i o n  t e c t o n i c  c o m p l e x i t i e s  

( i n  t.irne and space) s im i  l a r  t o  those descr ibed  by Hami 1 ton  (1979) i n  the  

1 ndonesian reg ion .  I n  f a c t ,  we be1 i eve  t h a t  t he  lndones i a n  area may be 

analogous i n  many ways t o  Archean processes o f  f o rma t i on  o f  c o n t i n e n t a l  

c r u s t  and i n t e r a c t i o n  o f  m i c rop la tes .  Th i s  t ype  o f  p r o t o  p l a t e  t e c t o n i c  

model f o r  f o rma t i on  o f  the  Wyoming Archean c r a t o n  suggests :  1) Archean 



c r u s t  w i t h i n  the  Province was experiencimg tectonism a t  about the same 

t ime as the  ma'rgins o f  t he  Province due t o  i n t e r a c t i o n  o f  mic rop la tes ;  

2) s t a b i  1 i z a t  ion o f  the  Wyoming Archean cratons near the end o f  the Ar- 

chean was r e l a t e d  t o  cessat ion  o f  fec ton ism.a long the margins of micro- 

p l a t e s ;  3) t h e  southern boundary of  a La te  Archean. i s l d n d  a r c  system be- 

came the  s i t e  o f  t he  E a r l y  P ro te rozo i c  c r a t o n i c  boundary, on which mio- 

geocl i na l  ~'ocks were Jeposi ted. F i  gut-e 2.27A i s  a sct ien~at i  i; ~r -oss -sec -  

t i o n - i l l u s t r a t i n g  one p o s s i b l e  t e c t o n i c  model f o r  Late Archean deforma- 

. . t i o n .  and.p lu ton ism in . sou theas te rn  Wyoming. 

EARLY PROTEROZOIC-TYPE SEDIMENTATION--RIFTING AND DEVELOPMENT OF A 

MlOGEOCLlNE ON A TRAILING EDGE OF PROTO-NORTH AMERICA 

Depos i t ion  o f  the Deep Lake Group took p lace main ly  i n  f l u v i a l  de- 

p o s i t i o n a l  environments sometime a f t e r  the F deformation, as evidenced 
1 

by the  angular  unconformi ty  and the  d i f f e r e n c e  i n  s t r u c t u r a l  s t y l e s  be- 

tween the Deep Lake liroclp and the  under ly ing  Phantom Lake Su i te .  Ihe 

basal Deep Lake Group conta ins  a uranium- and p y r i t e - b e a r i n g  quartz-peb- 

b l e  conglomerate which was deposi ted unconformably on the Phantom Lake 

Metamorphic S u i t c  and on prcsumcd Archcan g r a n i t c s  i n  thc  no r thc rn  Mcd-, 

i c i n e  Bow Mountains. Th i s  conglomerate i nd i ca tes  a pe r iod  o f  e ros ion  o f  

an u p l i f t e d  Archean g r a n i t i c  t e r rane  t o  the n o r t h  and the pers is tence of  
. . 

r e l a t i v e l y  s t a b l e  sedimentary systems near the south margin o f  the Wyo- 

ming Province sometime a f t e r  2500 m.y. ago. As discussed e a r l i e r ,  and 

,shown i n  F igu re  2.228, depos i L iuri Lhruuyhout the lower Deep Lake GI-oup 

was 'dominated by f l u v i a l  sedimentat ion i n  presumably i n t r a c r a t o n i c ,  

f a u l  t-bounded bas i ns .  Deposi t i o n  o f  the upper Deep Lake Group invo lved 

d e l t a i c  and g lac io -mar ine  sedimentat ion. 



F2 f o l d i n g ,  seen ma in ly  i n  rocks o f  t he  Deep Lake Group, cons i s ted  

o f  concen t r i c ,  open, 'bas in  and dome fo ld ing.and,contemporaneous f a u l t i n g .  

The f o l d s  t r e n d  no r theas t  and plunges a r e  sha l l ow  t o  t he  no r theas t  and 

southwest.  The presence o f  d isharmonic  (so f t -sed iment? )  f o l d s  i n  t he  

upper Deep Lake Group suggests t h a t  t h  i s  deformat i on  commenced dur  i ng 

d e p o s i t i o n  o f  the  upper Deep Lake Group ( ~ a r l s t r o m ,  1977). T h i s  i s  con- 

s i s t e n t  w i t h  our  c u r r e n t  i n t e r p r e t a t i o n  t h a t  F  f o l d i n g  r e s u l t e d  f rom 
2  

d i f f e r e n t i a l  subsidence and f a u l t i n g  w i t h i n  t he  e p i c o n t i n e n t a l  sedimen- 

t a r y  sequence. As shown i n  F igu re  2.27C, t h i s  f o l d i n g  i s  i n t e r p r e t e d  t o  

be r e l a t e d  t o  r i f t i n g  o f  the  c r a t o n i c  marg in  and sediment l o a d i n g  due t o  

d e p o s i t i o n  o f  the  o v e r l y i n g  m iogeoc l i na l  sediments o f  t h e  L i bby  Creek ' 

Group. I n  addi  t i o n  t o  fo rming  open f o l d s  i n  t he  Deep Lake Group, 
F2 

caused n e a r l y  c o - a x i a l  r e f o l d i n g  o f  F  f o l d s  i n  the  u n d e r l y i n g  Phantom 
1 

Lake S u i t e .  

The nex t  event  was t he  i n t r u s i o n  o f  gabbro ic  s i l l s  i n  t he  Phantom 

Lake S u i t e  and Deep Lake Group ( ~ i ~ u r e  2 . 2 7 ~ ) .  Th i s  i n t r u s i o n .  ep isode 

d e f i n i t e l y  pos t -da ted  the development o f  F2 f o l d s  b u t  t h e  t i m i n g  o f  i n -  

t r u s i o n  of gahhro ic  s i l l s  r e l a t i v e  t o  the  t ime  o f  d e p o s i t i o n  o f  t he  L i b -  

by Creek Group i s  n o t  w e l l  cons t ra ined .  However, we presume t h a t  the  

gabbro ic  s i l l s  were r e l a t e d  t o  an ep isode o f  r i f t i n g  and ex tens iona l  

t e c t o n i c s  a long  t he  c r a t o n i c  marg in  so  we cons ider  the  s i l l s  t o  be about 

t he  same age as d e p o s i t i o n  o f  m iogeoc l i na l  rocks o f  t he  L ibby  Creek Group. 

Some gabbro ic  d ikes  i n  the  Lower L ibby  Creek Group ( p l a t e  3)  may w e l l  be 
- .  

t he  same age, b u t  a  h i g h e r - l e v e l  express ion  o f  t he  s i l l s  i n  t he  Deep Lake 

Group and Phantom Lake S u i t e .  Other d ikes  and s i l l s ,  e s p e c i a l l y  i n  the  

Upper L i bby  Creek Group and rocks sou th  o f  t he  shear* zone p robab ly  
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r ep resen t  a  l a t e r  (1700 m.y.) i n t r u s i v e  event  assoc ia ted  w i t h  t he  Pro- 

t e r o z o i c  c o l l i s i o n a l  orogeny because many of  th.ese gabbro ic  bodies pos t -  

da te  t h e  F1 f o l d i n g  o f  t h e  L ibby  Creek Group wh ich  we i n t e r p r e t  t o  have 

taken  p lace  d u r i n g  t h i s  orogeny ( ~ i g u r e  2.26). I n  t he  absence o f  sup- 

p o r t i n g  geoch rono log i ca l  and geochemical data,  t h i s  i n t e r p r e t a t i o n  re -  

mains s p e c u l a t i v e .  From r e g i o n a l  cons ide ra t i ons ,  i t  seems p l a u s i b l e  t o  

equate the gqhh ro i c  s i l l s  i n  t h e  Medic ine Bow Mountains t o  t h e  s i m i l a r ,  

2150 m.y. o l d ,  N i p i s s l n g  Dlabase ol: the s u u ~ t ~ e r . r ~  Cdllddidll S l ~ i e l d  ;II.IJ t o  

t h e  2100 m.y. B lue  Draw Metagabbro o f  t h e  B lack  H l l l s  (Redden, 1980). 

A l l  o f  these may be r e l a t e d  t o  the same r i f t i n g  event  a long  t he  southern 

marg in  o f  p r o t o - N o r t h  America. 2100 m.y. m a f i c  i n t r u s i o n s  have a l s o  been 

r e p o r t e d  f r om t h e  B ighorn  Mountains (S tueber .and  o the rs ;  1976) and t he  

Bea r too th  Mountains (Re id  and o the rs ;  1875) sugges t ing  t h a t  t h i s  may have 

been a r e g i o n a l  even t  even away- f rom the  southern c o n t i n e n t a l  margin.  

Sedimentary ev idence form t h e  L i bby  Creek Group, d iscussed e a r l  i e r ,  

sugqests  t h a t  the L i bby  Creek Group sequence was depos i ted  a lmost  e n t i r e l y  

i n  sha l l ow  mar ine  d e p o s i t i o n a l  environments (F igures  2.22C and D ) .  The 

Lower L ibby  Creek Group con ta ins  g l ac i omar i ne  sediments and aluminous 

q u a r t z i t e s  which have been i n t e r p r e t e d  t o  be c o r r e l a t i v e  t o  slmi l a r  u n i t s  

i.n t h e  upper Huronian Supergroup o f  Canada (Young, 1973; Houston and 

o t h e r s ,  1979: Graf f ,  1979; Houston and Kar ls t rom,  1980) whi l e  . t h e  Upper 

L i bby  Creek Group con ta ins  s t r o m a t o l i t i c  do lomi te ,  m a f i c  vo l can i cs ,  

s l a t e s ,  and some i r o n  fo rmat ion  and i s  s i m i l a r  t o  rocks o f  t h e  Marquet te  

Range Supergroup. We b e l i e v e  t h a t  t he  L i bby  Creek Group represen ts  a  

p e r i o d  of  m i o g e o c l i n a l  d e p o s i t i o n  i n  southern Wyoming comparable t o  t he  

t ime  span represen ted  i n  the upper Huronian and lower Marquet te  Range 



Supergroups combined ( i . e .  2200-1900 m.y.). T h i s  idea  i s  suppor ted by a 

p r e l  imi  nary  da te  o f  2000 m.y. .on  t he  Gaps Trondhjemi t e   edge, personal  

communication, 1980) which i n t r udes  t he  Lower L ibby  Creek ~ r 0 . u ~  b u t  i s  

n o t  known t o  c rosscu t  t he  Upper L ibby  Creek Group. Th i s  r e l a t i o n s h i p ,  

combined w i t h  t he  r a p i d  change i n  t he  cha rac te r  o f  t h e  sediments, l o c a l  

f a u l t  b r e c c i a  a long  an o the rw i se  p o o r l y  exposed con tac t ,  and analogy t o  

t he  Great  Lakes area suggest t h a t  the  Lower and Upper L ibby  Creek Groups 

a r e  separated by a major  t h r u s t  f a u l t  ( P l a t e  3) and t h a t  t he  Upper L ibby  

Creek Group i s  a1 lochthonous o r  para-autochthonbus wi t h  respec t  t o  t he  

Lower L ibby  Creek Group. The t e c t o n i c  p o s i t i o n , o f  t h e  Gaps Trondh jemi te  

appears t o  s u b s t a n t i a t e  t h i s  i n t e r p r e t a t i o n .  I t  crops o u t  as seve ra l  

smal l  bodies (up t o  30,000 square meters) which were i n t r u d e d  i n t o  t he  

Gap f a u l t   ouston on and o the rs ,  1968) .and were l a t e r  sheared and b r e c c i -  

a ted  by r e c u r r i n g  movements o f  t h e  f a u l t .  The Gap f a u l t  appears t o  be 

o l d e r  than the t h r u s t  f a u l t i n g  because i t  te rmina tes ,  bo th  t o  the  n o r t h  

and south,  a g a i n s t  major  reverse f a u l t s  ( p l a t e  3) .  Th i s  suppor ts  t he  

i n t e r p r e t a t i o n  o f  a  major t h r u s t  f a u l t  which brought  Upper L i bby  Creek 

Group rocks up aga ins t  Lower L i bby  Creek Group rocks sometime a f t e r  2000 

m.y. ago (F igu re  2.26 and Tab le  2.27). The t e c t o n i c  s i g n i f i c a n c e  o f  t he  

Gaps Trondh jemi te  i s  n o t  w e l l  understood b u t  i t  appears t o  be t empora l l y  

r e l a t e d  t o  emplacement o f  nearby metagabbroic rocks and i t s  composi t ion 

and chemis t ry  a r e  s i m i l a r  t o  p l a g i o g r a n i t e s  found assoc ia ted  w i t h  maf ic  

i n t r u s i o n s  near  t h e  m i d - A t l a n t i c  r i d g e  (Coleman and Peterman, 1975) so 

we p o s t u l a t e  t h a t  i t  was emplaced . in  l a t e  r i f t i n g  stages. 



ISLAND ARC DEVELOPMENT TO THE SOUTH 

- The geology o f  t he  rocks south o f  the shear zone i s  somewhat less 

w e l l  understood than t h a t  o f  the rocks t o  the  n o r t h  because o f  the  h igher  

degree of  deformation and metamorphism. A chronology i f  events i s  more 

d i f f i c u l t  t o  e s t a b l i s h  because many geo log ic  processes appear t o  have 

been going on n e a r l y  s imul taneously w i t h i n  a r e l a t i v e l y  narrow bracket  

o f  Precambrian geo1,ogic t ime (1900-1600 m.y.). We fee l  t h a t  t h i s  wide 

v a r i e t y  of, geoiog if. events and the  rosu l  t i  ng hettrogei.~ei ~y uf rock as- 

semblages call LesL Gt! explalne'd i n  terms o t  development o f  .one or more 

i s l a n d  arcs--where vo'lcanism, v o l c a n i c l a s t i c  sedimentat ion, and c a l c -  

a l k a l i n e  p lu ton ism would be occu r r i ng  nea r l y  s imul taneously.  Another 

exp lanat ion  f o r  the  r a t h e r  narrow rang.e o f  rad iomet r i c  dates south o f  

t he  shear zone, of course, would be t h a t  a 1800-1700 m,y. metamorphic 

episode o b l  i t e r a t e d  t races  o f  an e a r l  i e r  qeo loq i  c h i  s to ry .  Hnwever, we 

f i n d  t h i s  unconvincing i n  l i g h t  o f  the vas t  number o f  rad iomet r ic  dates 

ava i  l a b l e  f rom Precambrian rocks i i )  Colorado, New Mexico and Arizona and 

the  absence o f  any date o l d e r  than about 1800 m.y. (Peterman and o thers ,  

1968; S i l v e r ,  1977). 

The o l d e s t  rocks south of  t he  shear zone i n  the Medicine Bow Moun- 

t a i n s  appear t o  be a s e r i e s  o f  hornblende- and p lag  i o c l a s e - r i  ch gnei sses 

whl,ch are  eomposi t i 'onal ly  s i m i l a r . t o  basa l t s ,  andes,ites and graywackes. 

We i n t e r p r e t  these rocks t o  be metamorphosed vo l  cani cs and vo l  cani c las  t i c  

sediments. These gneisses y i e l d  ages o f  up t o  1800-1900 m.y.  i ills and 

'Houston, 1979) .and are i n t ruded  by both the Keystone quar tz  d i o r i t e  and 

the  Lake Owen layered ma f i c  complex which a re  be l i eved  t o  be about 1800 

m.y. o l d  from analogy t o  s i m i l a r  rocks i n  the southern S i e r r a  Madre (see 



Table 2.27). : A 1  1 o f  t h e s e - u n i t s  are., i n  t u rn ,  cr'osscut by synorogenic 

g ran i tes  which y i e l d  ages o f  about 1730 m.y. ( ~ . i  1 l s . a n d  Houston; 1979).. 

The qua r t z  d i o r i t e  and the g r a n i t i c : p l u t o n s  a re  i n t e r p r e t e d  t o  be p a r t s  

o f  an i s l a n d  a r c  b a t h o l i t h i c  complex; t he  layered maf ic  'complex, and 

th ree  s i m i  l a r  layered complexes t o  the  west., a r e  i n t e r p r e t e d  t o  be p ieces 

o f  dismembered oceanic c r u s t ,  perhaps from t h e : f l o o r  o f  a marginal basin,  

which were obducted dur ing  the i s l a n d  a r c  c o l l i s i o n .  

COLLISION OF CONTINENT AND ISLAND ARC--0BDUCTION AND ACCRETION OF THE 

l SLAMD ARC ( S )  ONTO THE NUKl  H A M ~ R I  CAN PROTOCONT I NENT 

The r e s t  of  the  s t r u c t u r a l  events shown i n  F igure  2.26 w i t h  the  ex- 

cep t i on  o f  post-orogenic igneous a c t i v i t y ,  a re  i n t e r p r e t e d  t o  be r e l a t e d  

t o  c o l l i s i o n  and abduction of  an i s l a n d  a r c  te r rane  t o  the  south margin 

o f  the  Wyoming Province about 1700-1800' m.y. ago. The most compel 1 i,ng 

evidence f o r  such an i n t e r p r e t a t i o n  i s  the pro found 'geo log ic  and'geo- 

chrono log ic  d i s c o n t i n u i t y  across the Mul len Creek-Nash Fork shear zone, 

a zone o f  c a t a c l a s t i c  rocks from one t o  seven k i lometers  wide I n  the 

c e n t r a l  Medicine Bow Mountains (Houston and McCallum, 1961; Houston and 

o thers ,  1968). 

The f i r s t  e f f e c t  of the  orogeny, recorded i n  the metasedimentary 

rocks n o r t h  o f  the shear zone, appears t o  have been sub-hor izonta l  t h r u s t  

f a u l t i n g  i n  the miogeocl ina l  Libby Creek Group ( ~ i g u r e  2 . 2 7 ~ ) .  This  in -  

t e r p r e t a t i o n  i s  somewhat open t o  quest ion because a l l  major f a u l t s  i n  

the Libby Creek Group are  now sub -ve r t i ca l .  However, the pa t te rns  o f  

t e c t o n i c  a t tenua t i on  seen i n  map p a t t e r n ,  where the Medicine Peak and 

Sugarloaf Q u a r t z i t e s  completely disappear, then reappear, a long s t r i k e ,  

a re  reminiscent  o f  cross sec t ions  para1 l e l  t o  major t h r u s t  b e l t s  and 



would seem t o  be much e a s i e r  t o  accompl ish w i t h  low-angle than h igh -  

ang le  f a u l t s .  

To . r o t a t e .  t h e  t h r u s t s  t o  t h e i  r p resen t  v e r t i c a l  o r i e n t a t  i o n  ( F i g u r e  

2 . 2 7 ~ ) ~  we e n v i s i o n  a t l i p . i n  d i r e c t i o r ~  o f  subduc t ion  d u r i n g  t he  c o l l i -  

' .  s i o n  (F igu re  2 . 2 7 ~ ) .  Dur ing  t h e .  i n i t i a l  s tages o f  t he  orogeny, t h e  sub- 

. d u c t  ion. zone d ipped t o  the .  south,  as i n d i c a t e d  by t h e  abundant synoro- 

geni  c  gran i't l c I n t  rus  i v e s  sou th  o f  t h e  Mu1 l e n  Creek-Nash Fock shear zone 

and t h e  absence o f  such i n t r u s i v e s  t o  t h e  n o r t h .  However, i t  i s  w i d e l y  

b e l i e v e d  t h a t  c o n t i n e n t a l  c r u s t  cannot be.subducted t o  any s u b s t a n t i a l  

e x t e n t  ( M c ~ e n z i e ,  1969; Dewey.and B i r d ;  1970) so a t  some s tage  i n  the  

c o l l i s i o n ,  con t i nued  compressive s t r esses  would have t o  be'accommodated 

by i n i t i a t i o n  o f  a  new subduc t ion  zone t o  t he  south,  perhaps accompanied 

by unsuccess fu l  a t t emp ts  t o  subduct t h e . s o u t h e r n  b l o c k  beneath t h e  n o r t h -  

e r n  b l o c k  ( k i g u r e  2.21F). T h i s  s i t u a t i o n ,  and r e s u l t i n g  r o t a t i o n  o f  

s t r u c t u r a l  e lements,  i s  descr ibed  by Roeder (1973) as a common occurrence 

i n  o rogen i c  zones and a mechanism f o r  f o rma t i on  o f  A lp i ne - t ype  r o o t  zones. 

We do n o t  have good c o n t r o l  on how much movement may have been as- 

s o c i a t e d  w i t h  the  t h r u s t  f a u l t s  w i t h i n  t he  L ibby  Creek Group, b u t  severa l  

1 i nes  o f  ev idence suggest t ~ a t  t r a n s p o r t  d is tances  were n o t  huge. Depo- 

s i t i o n a l  env i ronments i n  t he  upper Deep Lake Group and Lower L i bby  Creek 

GI-owp were b o t h  glaciomal- i lse so t l ~ a b  L l ~ v  R ~ b t ) l . v u i  1 Ldb.t) Faul L d u ~ s  riuL 

j ux tapose  v a s t l y  d i f f e r e n t  sedimentary sec t i ons ;  s i m i l a r l y  t he  Lewis Lake 

Faul t which separates t h e  Sugar loa f  and Nash Fork Format ions b r i n g s  sha l -  

low mar ine do lom i tes  and deeper wa te r  s l a t e s  aga ins t  d e l t a i c  q u a r t z i t e s .  

T h i s  need n o t  represen t  l a r g e  l a t e r a l  movements a l though ou r  r e g i o n a l  

c o r r e l a t i o n  suggests t h e  Lower L i bby  Creek Group may c o r r . ? l a t e  w i t h  the  



Huronian Supergroup and the  Upper Libby Creek Group has more s i m i l a r i t i e s  

t o  the  Marquette Range Supergroup. 

I n  con t ras t ,  we v i s u a l i z e  very  l a r g e  (hun'dreds o f  k i l ome te rs )  l a t -  

e ra  1 t r anspor t  d i stances across a master deco.1 lement (now represented by 

the  Mul len Creek-Nash Fork shear zone) dur.ing the  i n i t i a l  obduct ion o f  

the  i s l a n d  a r c  and under th rus t ing  o f  the  con t i nen ta l  b lock  . (F igure  2.27E). 

This  t h r u s t i n g  resu l ted  i n  ~ u ' x t a ~ o s i t i o n  o f  rocks f rom d i f f e r e n t  c r u s t a l  

l eve l s ,  as shown by the  d i f f e r e n c e s  i n  deformation and metamorphic f a c i e s  

across the  shear zone ( ~ i  11s and Houston, 1979). 

Geochronological data from the  southern Wyoming Province appears t o  . 
permi t  ( , i f  no t  support )  the  concept of  l a rge  l a t e r a l  t r anspor t  d is tances , 

across a master decollement. Peterman and HFldreth '(1978) presented 'ev i -  

dence f o r  a, geochronologlc boundary i n  the  nor thern  Laramie Mountains 

and the Granl t e  Mountains which separated a zone o f  Archean (,pri.mary) K - A r  . 

minera l  dates I n  the  core o f  the  Wyoming Province from a 150 km wide zone 

o f  1800-1400 reset  dates near the  southern margin o f  the Wyoming Province 

and they suggested t h a t  the reset  dates represent the t ime when Precam- 

b r i a n  rocks which had been bur led  t o  depths o f  more than 10 km were e l e -  . 

vated and cooled through the '350  degree isotherm necessary t o  reset  the 

K - A r  system. H i  11s and Houston (1979) used t h i s  evidence t o  p o s t u l a t e  

t h a t  b u r i a l  o f  t h i s  ou ter  zone o f  the  Wyoming Province took p lace dur ing  

obduct lon o f  the i s l a n d  a r c  and p a r t i a l  subduct ion o f  the c ra ton .  This 

imp l ies  a t  l eas t  150 k i lometers  of  t h r u s t i n g  across the  sb.ear zone. This 

amount of t h r u s t i n g  of  c rys ta1 , l ine  rocks i s  t he  same order  o f  magnitude 

pos tu la ted  f o r  the Piedmont Province o f  the  Appalachians, based on recent 

COCORP seismic data (Cooke and o thers ,  1979). I n  f a c t ,  we vi.sua1 i z e  many 



s i m i l a r i t i e s  between t h e  Medici 'ne Boworogeny and' t h e  Taconic orogeny 

o f  t h e  southern Appalachians except  that;  i r i  t h e  Medic ine Bow Mountains 

we a r e  now l o o k i n g  a t  much deeper c r u s t a l  l e v e l  corresponding t o  a v iew 

o f  t h e  southern Appalachians w i t h  t h e . u p p e r  10 km o r  so eroded o f f ; - hence  

; w i t h o u t  t he  f o r e l a n d  f o l d  and t h r u s t  b e l t  correspondi.ng t o  t h e  V a l l e y  and 

. :: . . .  Ridge P rov ince  ( F i g u r e  2.27E, F, .GI . .  I n  t h i s  c o n t e x t ,  t h e  .geo log ic  r e -  

l a t i o n s h i p s  seen i n  t h e  Medic ine Bow Mountains may be an example o f  a 

deep ly  eroded o rogen i c  r o o t  zone o r  s u t u r e  zone. 

I s o s t a t i c  u p l i f t  o t  t he  p a r t ~ a l l y  subducted c o n t i n e n t a l  c r u s t  and 

t h e  o v e r l y i n g  obducted vo1canogeni.c sequences and f o r e l a n d  th rus , t  b e l t  . 
, woul d have taken  p l a c e  ove r  severa l  hundred mi. 1 1 i,on years, ( 1  700-.I 400. 

m.y.) and p o s s i b l y  p rov ided  a source o f  sediment f o r  t h e  La te  Precam- 

b r i a n  U i n t a  Mountain Group t o  t h e  west (Peterman and H i l d r e t h ,  1978). 

,,f t h i s  i n t e r p r e t a t i o n  i s  v a l i d ,  we a r e  now l o o k i n g  a t  an i s l a n d  a r c -  

c o n t i n e n t  s u t u r e  as- i t  appears a t  depths o f  about t e n  k i ' lometers ,  as es-  

t ima ted  by c o n s i d e r i n g  t h e  th ickness.  o f  obducted m a t e r i a l  (overburden) 

necessary t o  ra i ' se  temperatures t o  t he  350 degree C.  temperatures neces- 

sa ry  t o  open t h e  K-Ar i s o t o p i c  system, assurnirlg normal geothermal g r a d i -  

e n t s  (,Peterman and H i  l d r e t h ,  1:978). ' Th i s  es t ima te  o f  10 k i  lometers  

..agrees w i  t h  es t ima tes  o f  temperature arid 'pressure condi  t ions, o f  metamor- 

! phism i n  t h e  Lib.by Creek.Groug. F lu rkey  (1981) observed c n - e x i s t i n g  ky-  

a n i t e  and py rophy l s l i t e  i n  t h e  Medic ine .Peak Q u a r t z i t e  which, f rom thermo- 

' .  dynamic cons i .dera t ions ,  i n d i c a t e  minimum pressures o f  3 kb and tempera- 

. t u r e s  o f  425 degrees C--which, under normal. geothermal g rad ien t s ,  co r res -  

. pond t o  a dep th  o f  about  10 km. : . %  ' : . .  . 

. . . . There a r e  severa l  genera t ions  o f  f o l d i n g  which we i n t e r p r e t  t o  be 



r e l a t e d  t o  t h i s  c o l l i s i o n a l  o rogeny - - i nd i ca t i ng  a s u i t a b l y  complex s t r u c -  

t u r a l  h i s t o r y  f o r  t h e  orogenesis .  F f o l d i n g  i n  t h e  Phantom Lake S u i t e  3 
and Deep Lake Group may r e f l e c t  s t r esses  t r a n s m i t t e d  th rough t h e  sedimen- 

t a r y  p i  l e  d u r i n g  c o l l  i s i o n  and th;usting and c o n c e n t r a t i o n  o f  f o l d i n g  and 

s t r a i n  near  t h e  n o r t h e r n  edge o f  t h e  sedimentary basin-.-adjacent t o  a 

massive, a n i s o t r o p i c  g r a n i t i c  basement b l ock .  By t h i s  i n t e r p r e t a t i o n ,  

F and F ( the  nor thwest  warping, o f  F2 f o l d s  i n  t h e  Deep Lake Group) as 
3 4 

w e l l  as F2 (nor thwest  warp ing i n  t h e  L ibby  Creek Group) a l l  represen t  

nor theast -southwest  d i r e c t e d  compressive s t resses  caused by o b l i q u e  c o l -  

1 i s i o n .  

The l a s t  movements a long  t h e  su tu re  zone would then represen t  a 

change f rom t h r u s t i n g  t o  s t r i ke - s1 i . p  movement (F igu re  2.27G), aga in  i n  

response t o  accen tua t i on  o f  t h e  o b l i q u e  components o f  t h e  c o l l i s i o n .  The 

f o l d s  generated d u r i n g  t h i s  episode, F i n  t h e  L ibby  Creek Group, ,are 
3 

c h a r a c t e r i z e d  by a v e r t i c a l  f o l d  a x i s  and v e r t i c a l  r o t a t i o n  o f  p r e - e x i s t -  

i n g  f a b r i c  elements.  I t  i s  s i g n i f i c a n t  t h a t  F i s  a l s o  p resen t  i n  Archean 
3 

gneisses near t h e  s u t u r e  zone i n d i c a t i n g  t h a t  t h e  basement was p l a s t i c a l l y  

deformed d u r i n g  t h e  orogeny, as would be expected a t  these  deep .c rus ta1  

l e v e l s .  Even more s i g n i f i c a n t  i s  t h e  f a c t  t h a t  rocks w i t h i n  t h e  Mu l len  

Creek-Nash Fork shear zone and rocks  south o f  t h e  shear zone e x h i b i t  t he  

same d i s t r i b u t i o n  o f  s -sur faces  seen i n  t h e  Upper L ibby  Creek Group. We 

i n t e r p r e t  t h i s  as s t r o n g  ev idence t h a t  a l l  o f  these rocks were deformed 

toge the r  d u r i n g  t h e  i s l a n d  a r c  c o l l i s i o n . ,  

The t i m i n g  o f  t h e  main 0rogeni.c ep isode i.n sou thern  Wyomi.ng (.Figure 

2.26) i s  w e l l  cons t ra i ned  by geochronolog ic  da ta  (.see H i l l s  and Hous.ton, 

1979, f o r  a summary af ava l ' l ab le  r a d i o m e t r i c  d a l e s ) .  Major  s t r i k e 7 3 1  i p  



movement on t h e  shear zone i s  bracketed'between 1730, the  age of grani.tes 

which a r e  cu t  by the  shear zone and 1640 m.y., t he  age o f  a g ran i ' te  which 

i n t rudes  the shear zone ( ~ i  11s and Houston, 1979) ; major metamorph.i.sm i n  

t h e  L ibby Creek Group took  p lace around 1710 m.y. ago ( . ~ i  1 Is and others,, 

'1968); and major reg iona l  metamorphism i n  Colorado took p lace around 1710 

m.y. ago (Hedge and others,, 1967). 

POST- O R O C E N I C  IGNEOUS ACTIVITY 

The l a s t  major igneous a c t i v i t y  i n  the  Medicine Bow Mountains w,as 

i n t r u s i o n  o f  t he  Sherman Gran i te  a t  about 1385 m.y. This  event was pos t -  

o rogen ic  i n  t h e  sense t h a t  i t  was n o t  accompanied by reg iona l  deformat ion 

and metamorphism. Th is  a c t i v i t y  was p a r t  o f  a regi'onal "anorogenic" 

event ( ~ m s l i e ,  1978; S i l v e r  and o thers ,  1977; Bri.dywater and Windley, 

1973) which a f f e c t e d  much o f  the southwestern Uni:ted States.. l n  th.e 

Laramie Mountains, i n t r u s i o n  o f  the  Sherman Gran i te  appears t o  have oc- 

cur red  a t  about the  same t ime as emplacement o f  the  Laramie ano r thos i te  

(F igure  2.26). This  leads us t o  speculate t h a t  the g ran i tes ,  and the  

n e a r l y  contemporaneous ano r thos i te ,  may be a deep l e v e l  analog o f  the 

bimodal b a s a l t - r h y o l i t e  assoc ia t i on  observed i n  the  American C o r d i l l e r a  

which i s  be1 ieved ( ~ i p m a n  and o thers ,  1971, 1972; Snyder and o the rs ,  

1976) t o  r e f l e c t  a change from subduct ion-re lated volcanism t o  vnlcani,sm 

r e l a t e d  t o  ex tens iona l  t ec ton i cs .  T h i s  i s  cons i s ten t  w i t h  Emsl ie 's  (1978) 

i n t e r p r e t a t  ion  o f  Late Precambrian r i f t i n g  i n  North America. 

-REG IONAL TECTON l C  MODELS 

CONTINENTAL ACCRETION 

The concept o f  c o n t i n e n t a l  a c c r e t i o n  f o r  the North American con t i nen t  



has had both advocates (Engle, 1963) and c r i t i c s  (Sims, 1976). Whether 

o r  not  the concept has m e r i t  over a l l  o f  geo log ic  t ime, we b e l i e v e  t h a t  

the  model presented he re in  i s  s t rong evidence i n  support o f  con t i nen ta l  

a c c r e t i o n  of North America from 1800 t o  1400 m.y. One o f  t he  most impor- 

t a n t  l i n e s  o f  evidence f o r  is land-arcmcont inent  c o l l i s i o n  i n  southern 

Wyoming, ra the r  than cont inent -cont inent  c o l l i s i o n  o r  some .mech.ani.s.m o f  

i n t rac ra ton ' i c  deformation, i s  t h a t  no rocks o l d e r  than about 1.900 m.y. 

a re  known south o f  the proposed su ture  zone. This  appl ies  t o  Precambrian 

rocks i n  Colorado, New Mexico, Arizona, southern C a l i f o r n i a ,  and no r the rn  

Sonora and i t  suggests t h a t  the  e n t i r e t y  o f  t h i s  Precambrian te r rane  was 

added on t o  the North American p r o t o  cont inent  duri.ng a s.eries, o f  cont in- .  

e n t - i s l a n d  a rc  c o l l i s i o n s  i n  the  Ear ly  Pro terozo ic ,  much i,n th.e same way . 

as the western Cordi 1 l e r a  has been added on t o  North Ameri,ca i.n t h e  Meso- 

z o i c  and Cenozoic. This  imp l ies  t h a t  the southwestern Precambrian ter- .  

rane ought t o  e x h i b i t  extreme s t r u c t u r a l  complex i t ies  due t o  superposed 

compressional and t ransform (microplate) t e c t o n i c s  and th.at the  zone ought 

t o  conta in  c r y p t i c  sutures,  p a r a l l e l  t o  t he  con t i nen ta l  margin (,northeast) 

which get  p rogress ive ly  younge'r t o  the  south. 

Warner (1 978) coined the term "Colorado Lineament" f o r  a nor theas t -  

t r end ing  zone o f  f a u l t s  which t ransec ts  the  southwestern Precambrian (and 

post-Precambrian te r rane)  and i s  bounded ,on the n o r t h  by the Mu1 l e n  Creek- 

Nash Fork shear zone. He i n te rp re ted  the 1 ineament t o  be a major wrench 

f a u l t  system i n  North America, analogous t o  the  San Andreas system, which 

formed adjacent t o  the southeastern margin o f  proto-.North America. We 

agree w i t h  Warnerl.s i n te rp re ta t i on - - . t ha t  t he  Colorado Lineament i s  a mac 

j o r  c r u s t a l  fea ture  i r t  LIie w e s  tet-ti Not-th 'American Precarnbri;an, t h a t  th.e 



zone formed near the  margin o f  Pro terozo ic  North America, and t h a t  the 

zone i s  now cha rac te r i zed  by nor theas t - t rend ing  f a u l t s  wh.ich e x h i b i t  

s t r i k e - s l i p  movement. However, we be1ieve. tha. t  the Colorado Lineament 

represents compress i ona l  t e c t o n i c s  ( t h r u s t i n g ) .  fundamental l y  and t rans--  

' form mot i o n  (wrench f a u l t i n g )  o n l y  secondari l y .  We. view the  Colorado 

Lineament as a zone of  accreted oceanic and i s l a n d  arc-type, c r u s t  which 

became c o n t i n e n t a l  c r u s t  du r ing  1800-1600 m.y. ~ o l l i ~ i o n a l  ot-ogenies arscl 

we view the  major shear zones w i t h i n  the  Colorado Lineament such as the  

co lo rado Minera l  B e l t  t o  be the probable l o c a t i o n s  o f  c r y p t i , ~  sutures. 

which l a t e r  experienced t rans form movement. 

EARLY PROTEROZOIC PLATE TECTONICS 

Another ques t i on  w ide l y  debated among Precambrian geo log i s t s  i s  how 

f a r  back i n  t he  e a r t h ' s  h i s t o r y  p l a t e  t e c t o n i c  processes operated ( ~ e w e y  

and Spa1 1 ,  1975; Windley, 1977). Hoffman's (1973) work i n  the Coronation 

Geosyncl ine of  the  Slave Province i s  w ide ly  c i t e d  as evidence t h a t  the 

Wilson Cycle o f  the, genera t ion  o f  geosyncl ines and orogenic b e l t s  by the  

open i ng a n d  c l o s  i,ng o f  ocean bas i ns (Dewey and' Spa I 1  , 1975) was operat  i ng 

i n  Nor th  America by about 1700 m.y. ago. Our model f o r  southern Wyominq 

supports  such an i n t e r p r e t a t i o n  and ra i ses  sonie quest ions about the re -  

g iona l  t e c t o n i c  p i c t u r e  around 1700 m.y. ago. 

. From 'a reg iona l  v iewpo in t  , one ' o f  the  most conspicuous and important 

geo'logic "events" i n  t h e  h i s t o r y  o f  the North American con t i nen t  was the  

widespread . . orogenesis which took p lace about 1800-1700 m.y. ago. .The 

scale '  o f  t h i s  orogen i c  event i s  reminiscent  ' o f  th.e Arch.ean tectonotherma 1 -- 

event a t  2500 m.y. (Houston and Karlstrom, 1980) except t h a t  by. 1'700 m.y. 

deformati;on was more s t r o n g l y  located i n t o  l i n e a r  o r  arcuate zones. 
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There appear t o  be two main types o f  orogenies du r ing  t h i s  1700 m.y. 

"event". The f i r s t  type, which a f fec ted  by f a r  the l a r g e s t  areas, invo lved 

"basement reac t  i va t  ion" (~ewey  and Burke, 1973) , where Archean basement 

terranes were deformed and metamorphosed s t r o n g l y  enough t o  o b l i t e r a t e  

Archean s t r u c t u r a l  t rends and nea r l y  completely rese t  i s o t o p i c  systems. 

Examples of  t h i s  type o f  orogeny a r e  the  Hudsonian orogeny o f  the C h u r c h i l l  

Province (Davidson, 1972) and the Nagssutoquidian mobi le b e l t  o f  Greenland 

( ~ r i d ~ w a t e r  and o thers ,  1973). W i th in  the C h u r c h i l l  Province o r  near i t s  

margins are  a v a r i e t y  o f  more 1 inear  orogenic o r  geocyncl i n a l  zones ( ~ i ~ -  

u re  2.24) such as the  Wol l as ton  Lake Foldbel  t ( ~ a y  and Wanless, i n  prep.) ,  

the  C i rcum-Ungava . . Geosyncl i ne  ( D i ~ r ~ r o t h  and o the rs ,  1970), the Nel s.on Front 

(Gibb, 1968; Davidson, 1972), the Thelon Front  (.Wrigh.t, 1'967; Gibb and 

Thomas, 1977) , and the  lack^ H i  1 1  s orogen i c  be1 t  o old i.ch and o thers ,  

1966). P la te  t e c t o n i c  models have been proposed f o r  each o f  these l i n e a r  

orogenic zones (see references c i t e d  above) and f o r  th.e Churchi 1 1  Province 

as a whole (Dewey and Burke, 1973). 

The second type o f  orogeny i n  the 1700 m.y. event involved proven 

Archean c r u s t  on o n l y  one s ide  'o f  the be1 t .  These have beep i n t e r p r e t e d  

t o  be con t i nen t - i s l and  a rc  c o l l i s i o n s :  the  Coronat ion Geosyncline o f  the 

Slave Province  offma man and o thers ,  1974), the Medicine Bow orogeny i n  

southern Wyoming ( t h i s  paper and Hi1,ls and Houston, 1979), and the K e t i l -  

i.dian mobi l e  be1 t o f  southern Greenland ( ~ r i d g w a t e r  and o thers ,  1973). 

This  second type o f  orogeny and i t s  poss ib le  regional s i g n i f i c a n c e  has 

not  been f u l l y  appreciated because th.e i n t e r p r e t a t i o n  o f  the MedicTne 

Bow orogeny as. a p l a t e  t e c t o n i c  phenomenon i s  r e l a t i v e l y  recent  (If i r s t  

repor ted by H i  11s and Arrnstrur~y , 1974) aiid I -econstruct i ons of p ro to-Nor th  
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America r a r e l y  consider  a combined Greenland and ' ~ o r t h ' A r n e r i c a  (F igure 

2.24) which almost c e r t a i n l y  were together  i n  the Archean, and probably 

the  Ear l y  Pro terozo ic ,  because o f  the geo log ic  c o n t i n u i t y  o f  the Nain 

Province and the  Nor th  A t l a n t i c  c ra ton  ( ~ u r s t .  and others;'l975). 

We have presented e a r l i e r  an i n t e r p r e t a t i o n ,  based on l i t h o s t r a t i -  

g raph ic  c o r r e l a t i o n  o f  sedimentary sequences i n  North America, t h a t  the  

E a r l y  P ro te rozo i c  NoraLll Amcriea was s lmi  l a r  i n  s i z e  t o  rhe Precambrian 

nucleus o f  t he  con t i nen t  seen today (F igure 2.24). Thus, we be1 ieve t h a t  

t h e  widespread na tu re  o f  1700 m.y. orogenesis and the  l o c a l i z a t i o n  o f  de- 

f o rma t ion  a long l i n e a r  and arcuate zones have two ra the r  obvious imp l ica-  

t i o n s .  F i r s t ,  the  e n t i r e  North American pro to-cont inent  appears t o  have 

been i n  a compressional stres.s f i e l d  du r ing  the  orogen i c  i n t e r v a l  (.1.800-. 

1600 rn.y.). Such a t e c t o n i c  regime cou ld  have been produced, bu t  was 

c e r t a i n l y  mani fested,  by c o l l i s i o n  of i s l a n d  arcs wi'.th the present west, 

south and east  margins o f  t he  proto-cont inent  (F igure 2.2'1). Second, de-2 

fo rmat ion  was concentrated a long t h e  b n ~ ~ n d a r i e s  o f  c r a t o n i c   block^. These 

boundaries probably main ly  took the form o f  i n c i p i e n t  r i f t s  and small 

ocean basins and r i f t s ,  and c o l l i s i o n  o f  small i n t r a - p l a t e  c r a t o n i c -  b1ock.s 

i n  response t o  a general compressive regime i n  ,North Amer i.ca. Th.is idea 

i s  s i m i l a r  t o  Dewey and Burke 's  (1973) basement r e a c t i v a t i o n  hypothesis  

except .we,dn nn t  e n v i s i o n  l a rge  movements between c l - a t o r l i ~  b locks,  In 

keeping w i t h  I r v i n g ' s  (1979) assessment t h a t ,  t o  date, Precambrian paleo- 

magnetic data f rom North America a r e  most s imply i n t e r p r e t e d  i n  terms of  

. . 
a s : ing le p o l a r  wandering pa'th f o r . ~ r o t e r ~ z o i c  North America. 



SUMMARY 

Precambrian metasedimentary rocks o f  t he  n o r t h e r n  Med i c i n e  Bow 

Mountains, Wyoming p reserve  a record  o f  ove r  a b i l l i o n  years o f  g e o l o g i c  

h i s t o r y  (>2700 t o - 1 7 0 0  m.y.). The o l d e s t  u n i t ,  t h e  Stage Cross ing 

Gneiss, con ta ins  hornblende s c h i s t s  and gneisses o f  p robab le  v o l c a n i c  

o r i g i n ,  which a r e  i n  f a u l t  con tac t  w i t h  s t r u c t u r a l l y  o v e r l y i n g  rocks o f  

t h e  Phantom Lake Metamorphic S u i t e .  The Phantom Lake Metamorphic S u i t e  

i s  more than 3 km t h i c k  and con ta ins  t i g h t l y  fo lded  and complexly 

f a u l t e d  amph i b o l  i t e  f ac i es  metavol  cani  c rocks (60%) and metasedimentary 

rocks (40%). F i e l d  r e l a t i o n s h i p s  and sedimentary s t r u c t u r e s  p e r m i t  a 

t e n t a t i v e  s t r a t i g r a p h y  f o r  t he  Phantom Lake Metamorphic S u i t e  as f o l l ows :  

Stud Creek V o l c a n i c l a s t i c  Rocks ( m e t a t u f f s ? ) ,  Rock Mountain Conglomerate 

(a r kos i c  paraconglomerate) ,  Bow R i v e r  Q u a r t z i t e  ( f i ne -g ra ined  q u a r t z i t e ) ,  

Col berg  Metavol  cani  c Rocks (metabasal t , paraconglomerate) , and Conica l  

Peak Q u a r t z i t e  ( f i n e - g r a i n e d , q u a r t z i t e ) .  The Stage Cross ing Gneiss and 

t h e  lower Phantom Lake Metamorphic S u i t e  u n i t s  a r e  i n t r u d e d  by La te  Ar-  

chean ( ? )  g r a n i t i c  rocks.  

The P r o t e r o z o i  c Deep Lake Group unconformably o v e r l  i es va r i ous  

u n i t s  o f  t h c  Phantom Lako Metamorphic S u i t e  and the  Late Archean ( 1 )  

g r a n i t e .  .The Deep Lake Group (>2.5 km t h i c k )  i s  d i v i d e d  i n t o  t h e  Mag- 

no1 i,a Format ion ( r a d i o a c t i v e  quar tz -pebb le  conglomerate) ,  L indsey Qua r t z -  

i te '  ( t r ough  crossbedded q u a r t z i  t e )  , Campbell Lake Format ion  (paracon- 

glomerate,  ~ h y l l  i t e )  , Cascade 'Quar tz ;  t e  (pebbly q u a r t z i  t e )  , and Vagner 

Format ion (paraconglomerate,  marb le ) .  

The L ibby  Creek Group o v e r l  i es  the Deep Lake Group and Archean . 

(>2500 m.y.) q u a r t z o - f e l d s p a t h i c  gneisses. The lower con tac t  may . o r i g -  

i n a l  l y  have been an unconformi t y  b u t  b recc ias  , t runca ted  u n i t s  , changes 



i n  s t r i k e  and d i p  o f  beds, and topographic scarps - i nd i ca te  f a u l t i n g ,  

w i t h  apprec iab le  bu t  unknown reverse movement. The Libby Creek Group 

(7.5 km t h i c k )  i s  d i v i d e d  i n t o  a  '4.5 km t h i c k  lower p a r t  ( ~ o w e r  Libby 

Creek ~ r o u p )  con ta in ing  qua r t z i t es .  and a  3 km t h i c k  upper p a r t  (upper 

L ibby  Creek Group) con ta in in4  dolorni t e  and s l a t e ,  separated by a  second 

major reverse f a u l t  (magnitude o f  displacement unknown) which i s  e v i -  

denced by the  abrupt  l a t e r a l  d i  sappearance, and re-appearance, o f  the  

580 rn t h i c k  Sugar loaf  Q u a r t z i t e .  The Upper Libby Creek Group i s  t r u n -  

. cated above by the  Mu1 l e n  Creek-Nash Fork shear zone. 

Q u a r t z i t e s  o f  the  Phantom Lake Metamorphic Su i te  are main ly  sha l -  

low marine, as i n d i c a t e d  by la rge-sca le  p lanar  crossbeds, r i p p l e  marks, 

f i n e - g r a i n  s i z e s ,  l i t h o f a c i e s  pa t te rns ,  and NE-SW b i p o l a r  pa leocur ren ts .  

Volcanogenic rocks a re  be l i eved  t o  be main ly  subaer ia l ,  as suggested by 

the absence o f  p i l l o w  basa l t s  and rapid.  fac ies v a r i a t i o n s .  

P ro te rozo i c  sedimentat ion was dominated by mature, q u a r t z - r i c h  

c l a s t i c  sedimentat ion on a  miogeoc l ina l  p la t fo rm under s t a b l e  t e c t o n i c  

cond i t i ons .  Depos i t ion  was genera l l y  t ransgressive.  F l u v i a l ,  then 

d e l t a i c  sedimentat ion o f  the Deep Lake Group and Lower Libby Creek Group 

took p lace  on a  p e r s i s t e n t  southwest paleoslope, w i t h  .sediment t ranspor t  

subparal l e l  t o  the  i n f e r r e d  south boundary o f  the Wyoming Archean c ra-  

ton. Th is ,  and a  few west -d i rec ted  pa leocur ren ts ,  suggest a  southern 

h iqh land  bounding f l u v i a l  and d e l t a i c  scdimcntat ion,  We postu la t r .  i n t r n -  

c r a t o n i c  r i f t i n g  as a  t e c t o n i c  s e t t i n g  f o r  Deep Lake Group and Lower 

Libby Creek Group depos i t ion .  The Upper Libby Creek Group represents 

open..marine cond i t i ons ,  presumably f o l  lowing r i f t - s e p a r a t i o n  o f  two 

con t i nen ta l  b locks .  T h o l e i i t i c  s i l l s  i n t r u s i v e  i n t o  the Phantom Lake 

Metamorphic Su i te ,  Deep Lake Group, and Libby Creek Group . . a re  a l s o  



thought  t o  be r i f t - r e l a t e d ,  as i s  t he  2000 m.y. o l d  Gap Trondhjemi te  

which i n t r udes  the Lower L ibby  Creek Group. 

Regional l i t h o s t r a t i g r a p h i c  c o r r e l a t i o n s  suggest s i m i l a r  t e c t o n i c  

s e t t i n g s  and ages (? )  f o r  t he  Deep Lake Group-Lower L ibby  Creek Group 

and the  Huronian Supergroup of  O n t a r i o ;  and f o r  t he  Upper L ibby  Creek 

Group and Marquette Range Supergroup and e q u i v a l e n t  rocks o f  the Lake 

Super io r  reg ion.  We suggest t h a t  E a r l y  P r o t e r o z o i c  metasedimentary suc- 

cessions a l l  a long  the  southern boundary o f  the  Archean nuc leus o f  

No r th  America a re  r i f t - r e l a t e d ;  and we suggest a  r i f t - v a l l e y  model f o r  

d e p o s i t i o n  o f  E a r l y  P r o t e r o z o i c  r a d i o a c t i v e  quar tz -pebb le  conglomerates. 

Geometr ical  a n a l y s i s  o f  f o l d i n g  shows d i f f e r e n t  t e c t o n i c  s t y l e s  

and h i s t o r i e s  f o r  t he  Phantom Lake Metamorphic S u i t e ,  Deep Lake Group, 

and L ibby  Creek Group. The Phantom Lake Metamorphic S u i t e  was fo lded  

i n t o  t i g h t  t o  i s o c l i n a l  a n t i c l i n o r i a  and s y n c l i n o r i a  (F1)  p r i o r  t o  Deep 

Lake Group d e p o s i t i o n ;  the  Deep Lake Group was f o l ded  i n t o  c o n c e n t r i c ,  

doubly p l ung ing  a n t i c l i n e s  arid sync l i nes  (F2) p r i o r  t o  i n t r u s i o n  o f  t h o - .  

l e i i t i c  s i l l s ;  and t h e  L ibby Creek Group forms a northeast-striking, 

s t e e p l y  sou th -d ipp ing  homocl ina l  success ion. . ,  H i g h l y  deformed eugeo- 

c l i n a l  rocks south o f  t he  Mu l len  Creek-Nash Fork shear zone c o n t a i n  NE- 

s t r i k i n g ,  s u b v e r t i c a l  f o l  i a t  i on ,  para1 l e l  t o  bedding i n  t he  L ibby  Creek 

Group, suggest ing t h a t  beds i n  t h e  L ibby  Creek Group were r o t a t e d  t o  

v e r t i c a l  a t t i t u d e s  d u r i n g  t he  same deformat i o n  which formed f o l  i a t i o n  

i n  . rocks  south o f  t h e  shear zone. 

H i l l s  and Houston (1979) proposed a 1700 m.y. c o n t i n e n t - i s l a n d  a r c  

c o l l i s i o n  t o  e x p l a i n  geo log i c  and geochronolog ic  d i s c o n t i n u i t i e s  across 

t he  Mu l l en  Creek-.Nash Fork shear zone. S t r u c t u r a l  da ta  f rom metasedi-  

mentary rocks suppor t  t h i s  i n t e r p r e t a t i o n .  F1 f o l d i n g  o f  the  Phantom 



Lake Metamorphic S u i t e  i s  be l i eved  t o  be an Archean deformation and F2 

f o l d i n g  o f  the  Deep Lake Group probably took p lace i n  e a r l y  stages of  

r i f t i n g .  Major reverse f a u l t s  separa t ing  the Deep Lake Group from the  

Lower Libby Creek Group and the Lower Libby Creek Group from the Upper 

Libby Creek Group a r e  i n t e r p r e t e d  t o  be r o t a t e d  t h r u s t  f a u l t s .  This i s  

supported by d i f f e r i n g  t e c t o n i c  s t y l e s  between the  autocthonous Deep 

Lake Group and the  para-autochthonous o r  a l locthonous Libby Creek Group, 

and by t ransverse  f a u l t s  and maf lc  l n t r u s l v e  bodies which appear t o  be 

t runca ted  aga ins t  t h e  " th rus ts" .  

We propose t h a t  subhor izonta l  t h r u s t i n g  i n  t he  miogeocl ine took 

p lace  i n  e a r l y  stages o f  t he  c o l l i s i o n a l  orogenesis; t h a t  the Mu1,len 

Creek-Nash Fork shear zone represents a  master decollement t h a t  brought 

i s l a n d  a r c  rocks over  miogeoc l ina l  rocks; and t h a t  t he  shear zone and 

bedding and t h r u s t s  i n  t h e  Libby Creek Group were r o t a t e d  t o  steep a t t i -  

tudes du r ing  changes i n  d i r e c t i o n  o f  subduct ion du r ing  c o l l i s i o n  o f  two 

buoyant b locks.  Broad, northwest f o l d s  (Fq i n  t he  Deep Lake Group, F2 

i n  t he  Libby Creek Group) o f  bedding, " t h rus t "  f a u l t s ,  and e a r l i e r  f o l d  

t races ,  and v e r t i c a l  r o t a t i o n  (F5 i n  the Deep Lake Group, F3 in the  

L ibby Creek Group) o f  p r e - e x i s t i n g  s t r u c t u r e s ,  a re  i n t e r p r e t e d  tb rep- 

resent  s t resses generated i n  l a t e r  stages o f  an ob l i que  c o l l i s i o n .  

URANIUM-BEARING CONGLOMERATES OF THE MEDICINE BOW'MOUNTAINS 

Numerous s t r a t i g r a p h i c  hor izons w i t h i n  the  metasedimentary succes- 

s ion  i n  the  Medicine Bow Mountains conta in  anomalously r a d i o a c t i v e  rocks. 

These l n c l  ude the  Stud Creek Vol can i c l a s t  i c  Rocks, Rock Mountain Conglom- 
. . 

e r a t e ,  Magnolia Formation, Lindsey Q u a r t z i t e ,  Cascade Q u a r t z i t e ,  and Medi- 

c i n e  Peak Q u a r t z i t e  ( ~ i ~ u r e  2.2).  This sec t i on  discusses these rad ioac t i ve  



rocks,  from o l d e s t  t o  youngest. The Magnol ia  Format ion i s  .the o n l y  one 

w i t h  s i g n i f i c a n t  volumes o f  r a d i o a c t i v e  conglomerate.  . . , Thus, t he  m a j o r i t y  

o f  t h i s  sec t  i o n  focuses on t h e  sedimento log i  c a l  , pe t rog raph i c ,  and geo- 

chemical c h a r a c t e r i s t i c s  o f  t h e  Magnol ia Format ion i n  t he  Med'icine Bow 

Mountains. At t h e  end o f  t h i s  s e c t i o n  we compare t h e  Magnol ia conglom- 

e ra tes  t o  o t h e r  occurrences o f  Precambrian uran ium-bear ing f o s s i l  p l a c e r s  

i n  t he  w o r l d  and we d iscuss  t h e  g e o l o g i c  s e t t i n g  and h i s t o r y  o f  t h e  Magnol ia  

 orm mat ion. i n  t he  con tex t  o f  g e n e t i c  models f o r  t h e  fo rmat ion  0.f Precambrian 

uran i um-bearing quar tz -pebb le  conglomerates  ouston on and Kar ls t rom,  1980). 

PHANTOM LAKE METAMORPHIC SUITE 

There a r e  two u n i t s  i n  t h e  Phantom ~ a k e  ~ e t a m o r ~ h i c  S u i t e  which c o n t a i n  

anomalously r a d i o a c t i v e  conglomerates: t he  Stud Creek V o l c a n i c l a s t i c  Rocks 

and t h e  Rock Mountain Conglomerate. Congl.omerates i n  t h e  Stud Creek Vo lcan i -  

c l a s t i c  Rocks occur  i n  Secs. 1 1  and 15, T. 1.8 N., R. 79 W. as' l e n ' t i c u l a r  o u t -  

crops o f  g r a n u l a r  q u a r t z i t e ,  qua r t z -g ranu le  conglomerates and i s o l a t e d  o u t -  

crops o f  a r k o s i c  paraconglomerate. A l l  a r e  i n t e r l e a v e d  w i t h  amphibo l i tes  

.and p e l i t i c  s c h i s t s .  These conglomerates r e g i s t e r  two t o  t h r e e  t imes back- 

ground gamma r a d i a t i o n  i n  ou t c rop  and have y i e l d e d  va lues up t o  21 pprn U 

and 5 )  ppm Th. We I n t e r p r e t  tllese c o ~ ~ g l o ~ i ~ e r a t e s  as t h i n  f l u v i a l  sands, 

g rave l s ,  and occas ional -  a l l u v i a l  d e b r i s  f l ows  which were depos l ted  a t  about 

t he  same t ime  as t h e  Rock Mountain Conglomerate t o  t h e  n o r t h ,  b u t  i n  a 

d e p o s i t i o n a i  s e t t i n g  dominated by presumed s l j bae r i a l  vo lcanism and v o l c a n i -  

c l a s t i c  sed imenta t ion ,  w i t h  o n l y  occas iona l  f l u v i a l  sed imentat ion.  One 

g r a n u l a r  zone i n  t h e  n o r t h e r n  p a r t  o f  Sec. 15 i s  about 1000 m long  and 100 m 

t h i c k .  However, most o f  t he  conglomerates a r e  t h i n n e r  and a r e  t o o  l e n t i c u l a r  

and low-grade t o  be o f  p o t e n t i a l  economic i n t e r e s t  f o r  uranium and thor ium.  



Rock Mounta i n  Cong lomera t e  

The Rock Mountain Conglomerate crops out  i n  two areas o f  the nor th-  

e r n  Medicine Bow Mountains (F igure 2.28 and P l a t e  1) .  The western area, 

near Foote Creek, i s  a 200 m t h i c k  l aye r  o f  muscov i t i c  quartz-granule 

conglomerate ( w i t h  r a r e  boulder paraconglomerate near t h e  base) which i s  

cont inuous f o r  a l a t e r a l  d is tance of 4 km before  being f a u l t e d  o u t  t o  

the  n o r t h  and covered by Phanerozoic rocks t o  the south. This zone con- 

t a i n s  assays on t h e  o rde r  of 5 ppm U and 8 ppm Th and is. o f  l i t t l e  eco- 

nomic i n t e r e s t .  

The eastern outc rop area, near Rock Mountain, i s  more promising f o r  

uranium and thorium. Th is  area conta ins t h i c k  (300-400 m) arkos i c  para- 

conglomerates, wit ,h s t re tched  c l a s t s  of q u a r t z i t e ,  quar tz  and maf ic  

s c h i s t  interbedded w i t h  muscov i t i c  quartz-granule and quartz-pebble con- 

glomerates. Surface assays o f  paracong.lomerates y ie lded  up t o  ,270 ppm 

U and 59  ppm 'Sh whi l e  t y p i c a l  va'l ues were about 5-50 ppm U and 5-40 .ppm 

'Sh . 

The Rock Mountain Conglomerate i s  t h i c k  enough near Rock Mountain, 

and sur face values h igh  enough, t h a t  two holes were d r i l l e d  t o  t e s t  

subsurface uranium content[  o f  the'.conglomerates (see Volume 2) .  MB-10 

was d r i l l e d  f rom the bottom o f  Rock Creek toward two o f  the  most rad io-  

a c t  i v e  outcrops we had found, the  lower outcrop o n  the east slope o f  

Roclc Ct-cclc y i ~ . l d ~ . r l  I . I ~  t o  97 ppa U ~ I I J  95 pprn Th and t h e  upper one y i e l d -  

ed. up t o  270 ppm U and 57 ppm.Th ( ~ i g u r e  7, Volume 2).  The 'subsurface 

ex tens ion o f  t he  beds i n  the  lower outcrop contained maximum values o f  
. . 

o n l y  3.9 pprn U and 9 ppm Th. Unfor tunate ly ,  t he  ho le  was terminated 

be fo re  reaching the subsurface extension o f  beds o f  the  upper outcrop 

because the  i n t r u s i v e  u l t r a - m a f i c  bod,y which separates, the  two"outcrops 



( ' ~ i ~ u r e  7, Volume 2) i s  wider a t  depth than on the  surface and the  d r i l l ,  

used was unable t o  go t o  the  depths (1400-1500 f e e t )  which we be l i eve  

would have been requ i red  t o  h i  t the  conglomerates. 

D r i l l  ho le  MB-15, on the top  o f  Rock Mountain penetrated:about  122 me- 

t e r s  of arkos i c  paracong lomerate. Most assays from the  paracong lomerate 

were less than 10 ppm U and 10 ppm Th. However, one sample y i e l d e d  194 

ppm U and 86 ppm Th, This sample was d i r e c t l y  adjacent  to. a 15 meter 

t h i c k  metagabbro body. 

The s t r u c t u r e  and the s t r a t i g r a p h y  o f  the Rock Mountain area i s  ex- 

ceedingly complicated and very few primary sedimentary fea tures  a r e  pre-  

served i n  t h e  Rock Mountain Conglomerate. Therefore, the sedimentary 

h i s t o r y  o f  the u n i t  remains somewhat obscure. On the basis o f  l i t h o l -  

ogy and l i m i t e d  d i s t r i b u t i o n  o f  the u n i t ,  we i n t e r p r e t  i t  t o  be an a l -  

l u v i a l  fan succession o f  debr is  f lows  and bra ided stream deposi ts  

der ived from a n o r t h e r l y  source area and which prograded south i n t o  

the  Phantom Lake S u i t e  depos i t iona l  basin. By t h i s  i n t e r p r e t a t i o n ,  the 

conglomerates o f  the  Stud Creek V o l c a n i c l a s t i c  Rocks t o  the  south are 

d i s t a l  equ iva lents  o f  the Rock Mountain Conglomerate. This i n t e r p r e -  

t a t i o n  a l s o  suggests t h a t  t he  Rock Mountain Conglomerate was deposited 

i n  f l u v i a l  depos i t i ona l  environments which are  favorab le  f o r  the con- 

c e n t r a t i o n  o f  heavy minerals as p lacers .  Assays o f  several hundred 

ppm U i n  conglomerates suggest t h a t  uranium-bearing minerals may be 

present i n  p lacer  concentrat ions i n  the  conglomerates but  sur face 

sampling and subsurface in format ion  i n d i c a t e  t h a t  zones con ta in ing  

these grades o f  uranium are widely scat tered,  t h i n ,  and l e n t i c u l a r .  

Therefore, we be l i eve  t h a t  t he  Rock Mountain Conglomerate i s  u n l i k e l y  

t o  con ta in  appreciable uranium and thorlurn nr inera l iza t ion ,  a l though 



we c a n ' t  r u l e  o u t  t h e  p o s s i b i l i t y  o f  f i n d i n g  ~ubc raps ,  on Rock Mountain 

con ta in ing  somewhat h igher  uranium grades and . t h i c k e r  conglomerate zones. 

I't i s  i n te res t . i ng  t o  note t h a t  t he  h ighest  uranium assays i n  several 

cases i n  the Rock Mountain area came from samples w i thou t  correspondingly 

h i g h  thor ium values, (270 ppm U, 57 ppm Th; 97 ppm U ,  75 .ppm Th; and 

190 ppm U, 86 ppm Th f rom paraconglomerates; and 170 ppm U, 16 ppm ~h 

f rom cal'careous pe l  i t i c  s c h i s t  o f  the  Stud Creek V o l c a n i c l a s t i c  ~ o c k s ) .  

Archean conglomerates i n  the  S i e r r a  Madre are  appreciably r i c h e r  i n  tho r -  . 

ium than uranium because, we be l i eve ,  Archean gneisses contained more 

thor ium minera' is t o  c o n t r i b u t e  as detr. i.tus f o r  conglomerate p lacers .  Thus, 

t h e  h i g h  uranium content  o f  the  Rock Mountain samples seems anomalous. 

E i t h e r  the  source te r rane  f o r  the Rock Mountain Conglomerate contained 

h igher  uranium values than the Sierra 'Madre Archean source te r rane  o r  the  

uranium i n  t h e  Rock Mountai'n Conglomera,te has been remobi l ized and recon- 

cent ra ted.  The l a t t e r  seems l i k e l y  because, as shown i n  F igure  7 o f  Vol- 

umc 2, the  most u ran i fe rous samples are  a l l  from ourcrops near contacts 

w i t h  maf ic  i n t r u s i v e  bodies. We speculate t h a t  uranium was remobi l ized 

o u t  o f  genera l l y  low-grade conglomerates dur ing  the  episode o f  i n t r u s i o n  

o f  ma f i c  magmas and reconcentrated.adjacent  t o  the  contacts w i t h  maf ic  

i n t r u s i v e s .  

MAGNOLIA FORMATION 

The Magnol la Formarlon craps out i n  i s o l a t e d  areas i i s  a ~lur'ltleas t -  

southwest t rend ing  zone ( ~ i ~ u r e  2.28) extending some 40 km from the  A r l  Ing- 

ton  area, i n  the  extreme northeast  area o f  P l a t e  1 t o  near Brush-Creek, i n  

the 'southwest  p a r t  o f  P l a t e  1 .  The Magnolia Formation i s  subdivided i n t o  

two members: a lower Conglomerate Member which crops ou t  i n  d i s c o n t i n -  

uous lenses up t o  330 m t h i c k  and unconformably o v e r l i e s  fo lded  Phantom 

360 



EXPLANATION 
Pgn Proterozoic gneisses 

ULCG' Upper Libby Creek Group 

LLCG Lower Libby Creek Group 

DLG Deep Lake Group 

Ag Archean @.anitic Orthogneiss 

PLMS' Phantom Lake Metamorphic Suite 

Agn Archean "basement" gneisses 

RADIOACTIVE CONGLOMERATES 
Klondike Lake Congl., 
Medicine Peak Qtzite. 
Qtzite, Mbr., Magnolia Fm. 

Congl. Mbr., Magnolia Fm. 
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Figure 2.28. Generalized geologic map of 
the Medicine Bow Mountains showing the 
location of radioactive conglomerates. 



Lake S u i t e  rocks o r  Archean g ran i te ;  and an upper Q u a r t z i t e  Member 

which forms a cont inuous sheet some 500 m t h i c k  which e i t h e r  unconform- 

ab ly  o v e r l i e s  Phantom Lake Su i te  rocks o r  g rada t iona l l y  o v e r l i e s  the  

Conglomerate Member. 

F igure 2.28 shows t h e  main outcrop areas o f  the Magnolia Formation 

and Table 2.9 summarizes the petrography o f  the  u n i t  i n  var ious areas. 

The f o l l o w i n g  d iscuss ion o f  the  Magnolia Formation proceeds from nor th-  

: east  t o  southwest, approximately down t h e  'Magnol i a  paleoslope (P la te  2 ) .  

Radioact ive Conglomerates o f  the Onemile Creek Area 

The Unemile Creek area i n  t h e  nor thern  Medlclne Bow Mountains 

( ~ i g ' u r e  2.28) conta ins  the  most rad ioac t  i've quartz-pebble conglomerates 

known w i t h i n  the  Magnol i a  Formation o f  the  Medicine Bow Mountains and 

i s  one o f  two areas i n  southern Wyoming known t o  conta in  Precambrian 

f o s s i  1-placer uranium mineral l z a t  ion  o f  possl6.le econurr~ic inLer.esL ( ~ l l e  

o t h e r  being the  C a r r i c o  Ranch-Deep Gulch area o f  t he  northwestern S i e r r a  

 adr re) . Therefore,  an appra isa l  o f  the  d i s t r i b u t i o n  and grade o f  uran- 

ium m i n e r a l i z a t i o n  i n  t h i s  key area i s  one cornerstone i n  eva luat ing  

uranium reserves i n  quartz-pebble conglomerates i n  southern Wyoming. 

This sec t i on  presents our i n t e r p r e t a t i o n  o f  the  geologic s e t t i n g  

o f  the  rad ioac t i ve  conglomerates -- t h e i r  a r e a l . d i s t r i b u t i o n ,  s t ruc tu re ,  

and ~ t r ~ t ' i g r ~ p h y . ;  l t . a l r , n  d i ' s c ~ i k ~ c r i  t hc  l , i : thnlngy, d i s t r i b u t i o n  o f  l i t h -  

o fac  i es  , and sedimentary features o f  t he  conglomelratks; and presents geo- 

chemical and rad iomet r i c  data on-  the abundance o f  uranium and thor ium in.. 

sur.face and. subsurface. samples. The. r e s u l t  i.s an interpreta. t ion. ' .o f  the  



ex ten t  and variability of  uranium and thor ium m ine ra l i za ' t i on  and an e s t i -  

mate o f  the subsurface distribution o f  minera l ized,zones.  Th is  informa- 

t i o n ,  u l t i m a t e l y ,  i s  used i n  t he  resource es t imate  presented i n  Volume 3 

o f  t h i s  repo r t .  

General S t ra t i g raphy  o f  the  Onemile Creek Area 

As shown i n  F igure '2 .29 ,  the  Onemile Creek area conta ins  f o u r  major 

u n i t s .  An Archean basement t e r rane .con ta in ing  the  Stage Cross'ing Gneiss, '' 

Phantom Lake Metamorphic Su i te ,  and Late Archean g r a n i t e  i s  o v e r l a i n  w i t h  

angular,unconformity by the  Magnolia Formation; the  Magnolia i s  unconform- 

ab ly  o v e r l a i n  by the Cascade Q u a r t z i t e ;  and every th ing  i s  cross-cut  by 

gabbroic s i l l s  and d ikes .  

The Archean te r rane  i n  t h i s  area i s  represented by hornblende gneiss, 

metabasalt ,  q u a r t z i t e ,  and g r a n i t i c  gneiss. These u n i t s  a r e  discussed i n  
, . 

. . 
de ta i  1 e e r l  i e r .  

The Magnolia Formation unconformably l i e s  on var ious  u n i t s  o f  the 

basement complex. The angular  na ture  o f  the  unconformity i s  seen i n  the  

a r i a  o f  d r i  1 1  ho le  EMB-3 (F igure  3.29) where the basal contac t  o f  t he  Mag-' 

no ' l ia  i s  perpendicular  t o  the s t r i k e  o f  beddi'ng. i n  Phantom Lake S u i t e  

quarrzlres. The May~ lu l i d  F ' u l ~ ~ i a t i a n  i s  abeut 4001 m thiclc i n  the  Onemile : 

Creek area and cons is ts  main ly  o f  rad ioac t i ve ,  muscov i t i c ,  g ranu lar  quar tz -  

i t e  and p y r i t i c  pebble conglomerates. De ta i l ed  discussi.on o f  the  l i t h o l o g y  

and i n t e r n a l  s t r a t i g r a p h y  o f  the  Magnol ia 'Formation . . i.s presented l a t e r .  

The Cascade Q u a r t z i t e :  over l i 'es the  Magnolia Formation w i t h  discon- 

.. formi; ty or, mi'ld angular unconformi:.ty ( c - C '  , F,ig'ure 2.30) - The Cascade 
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Figure 230 .  Cross sections and drill sections from the Onemile Creek area.  



~ u e r t z i  t e  i s  on the  o rde r  of  400 m . t h i c k  i.n ..the Onemi t e  creek area and 

c o n s i s t s  o f  wh i te ,  massive, medium-grained pebbly q u a r t z i t e  and non- 

r a d i o a c t i v e ,  non-musoovit ic quar tz-pebble conglomerates. The u n i t  does 

no t  c o n t a i n  t h e  abundant b lack  c h e r t  pebbles which cha rac te r i ze  the  Cas- 

cade i n  the  c e n t r a l  Medic ine Bow Mountains but,  o therwise,  has s i m i l a r  

l i t h o l o g i e s .  

Amph ibo l i t i zed  rnafi'c i n t r u s i v e  rocks cross-cut  o l d e r  metasedimentary 

u n i t s .  These bodi'es represent  gabbroic  t o  u l t r a m a f i c  magmas which were 

intrclcled along f a u l t s  and bedding contac ts  ( ~ i ~ u r c  2,301. These I-ocks arc  

a l s o  discussed i n  d e t a i l  i n  e a r l i e r  sec t ions  o f  t he  r e p o r t .  

S t r u c t u r e  o f '  t h e  Onemi l e  Creek Area 

As shown i n  c ross-sec t ion  A-A' o f  F igu re  2.30, the  major s t r u c t u r e  

i n  the Onernile Creek area i s  a  f a u l t e d  and i n t ruded  over turned sync l i ne  

i n  the  Magnolia Formation. This  s y n c l i n e ' i s  documented by top and bottom 

c r i t e r a  i n  the Magno l i a .qua r t z i t es  ( ~ i ~ u r e  2.29). Under ly ing the  fo lded 

Magnolia Formation rocks a r e  i s o c l i n a l l y  fo lded rocks o f  the  Phantom Lake 

Metamorphic S u i t e  which a r e  shown i n  A-At. o f  F igure  2.30 t o  be p a r t  o f  a  

major syncl  inor ium. Cross sec t ions  B-B1 and C-C' ( ~ i ~ u r e  2.30 each show 

two f a u l t e d  syncl ines bu t ,  as shown on the geo log ic  map ( ~ i ~ u r e  2'.29), 

these a r e  i n t e r p r e t e d  t o  be the  same fo ld, '  o f f s e t . l e f t  l a t e r a l l y  along a  

no r th -no r theas t - t rend ing  f a u l t .  

& s p i t e  d e t a i l e d  surface . ~ l l $ ~ ~ ~ i ~ ~ ~ a r l d  . .  LWII ~ ~ i . 1 1  truleb: i,n the .Onernlle 

Creek area, t he re  a r e  s t i l l  unce r ta tn t tes  i , n . t he  i n t e r p r e t a t i o n  g iven above 

and shown i n  F igu res  . . 2.29 and 2.30. The maim s t r u c t u r a l  quest ions Fnvolve 

the  i n t e n s i t y  o f  fo ld i 'ng i n  the Phantom Lake S u i t e  and the  s t y l e  o f  f o l d i n g  



i n  the Magnolia Formation. The second.quest ion i s  more p e r t i n e n t  t o  

the es t ima t ion  of  the  ex ten t  o f  minera l  i zed  conglomerates and invo lves  

unce r ta in t y  regarding the plunge o f  the  maj,or f o lds  i n  the ~ a ~ n o l  i a  

Formation. A-A' o f  F igure  2.30,and F igure  2.31A show a  gen t l y  p lung ing  

f o l d  a x i s  f o r  the major sync l ine .  This  i n t e r p r e t a t i o n  . i s  based on the  

macroscopic p a t t e r n  o f  the Magnolia Formation which can be t raced over  

a  d i s tance  o f  10 km t o  the southwest, i n t o  an a r e a ' c o n t a i n i n g  open, 

u p r i g h t  a n t i c l i n e s  and syncl ines w i t h  subhor izonta l  f o l d  axes. 

The on l y  problem w i t h  t h i s  i n t e r p r e t a t i o n  i s  t h a t  a l l  t he  minor 

f o l d  axes mapped i n  the Onemile Creek area plunge west. Admi t ted ly ,  

most o f  these have no r thwes t - s t r i k i ng  a x i a l  planes and can be expla ined 

i n  terms o f  a  l a t e r  f o l d  system, which i s  w e l l  documented by stereonet  

p l o t s  o f  bedding, f o l i a t ' i o n s  and l i n e a t i o n s  (see below). However, some 

have n o r t h - s t r i k i n g  a x i a l  .planes and i'mply t h a t  t he  major s t r u c t u r e  may 

be a  r e c l i n e d  sync l ine ,  p lunging s teep ly  west, instead o f  an i n c l i n e d  

sync1 ine  p lung ing  g e n t l y  south ( terminology i s  t h a t  o f  Turner and Weiss, . .  

1963). Both p o s s i b i l i t i e s  a re  presented i n  -F igure 2.31, the  major d i f f e r -  

ence being the plunge o f  the sync l i ne  i n  the  Onemile Creek area and the  

f a c t  t h a t ,  i f  the  r e c l i n e d  sync l i ne  shown i n  F igure  2;31B i s  used, minera l -  

ized conglomerates i n  the"0nemile Greek area could extend to . .apprec iab ly  

g rea te r  depths than a r e  shown i n  F igure  2.30. We used the i n c l i n e d  syn- 

c l i ' ne  i n t e r p r e t a t i o n  o f  F igure  2.31A i n  cons t ruc t i ng  the cross-sect ions 

because i t  gives a  more conservat ive es t imate  o f  the subsurface ex ten t  

o f  the  conglomerates and because i t  i s  the s imp les t ,  and most easi 1~ v i s u a l -  
. . 

ized .exp lanat ion  of  reg iona l  r e l a t i o n s h i p s .  



ONE MILE CREEK A 

F i g u r e  2.31. Stereograms o f  two p o s s i b l e  i n t e r p r e t a t i o n s  o f  the  l a rge -sca le  
s t r u c t u r e  o f  t he  Magnol ia  Format ion i n  t he  n o r t h e r n  Medic ine ~ b w s ,  n ,eq lect -  
i n g  comp l i ca t i ons  caused by n o r t h - t r e n d i n g ,  wes t -d i pp ing ' r eve rse  f a u l t s  and 
l a r g e  m a f i c  i n t r u s i v e  bodies.  

A. Favored i n t e r p r e t a t i o n  shows g e n t l y  sou th -p lung ing  i n c l i ~ n e d  s y n c l i n e  
i n  n o r t h  pass ing  i n t o  g e n t l y  southwest-p lunging normal s y n c l i n e  t o  south.  F3 
inc reases  i n  ' i n t e n s i t y  t o  no r t h .  

B. A l t e r n a t e  i n t e r p r e t a t i o n  shows wes t -p lung ing  r e c l i n e d  s y n c l i n e  i n  
n o r t h  pass ing i n t o  g e n t l y  southwest-p lunging normal s y n c l i n e  t o  south.  

Stereographlc p r o j e c t i o n s  o f  mesoscopic , f a b r i c  elements i n  t he  Magnol ia 

Format ion a r e  shown i n  F i g u r e  2.32. The o n l y  i n d i c a t i o n  o f  the .p rominen t  

n o r t h - n o r t h e a s t  t r e n d i n g  sync1 i n e  i s  i n  the  p l o t  o f  the  po les  t o  bedding 

( ~ i g u r e  2 . . 32~ )  wh ich  shows t h a t  u p - r i g h t  and ,over tu rned  beds p l o t  toge ther  

i n  a  maximum d e f i n i n g  an i s o l i n a l  f o l d  whose a x i a l  p lane  i s  l abe led  



1 
F ' v e  2.32. Lower hemisphere equal- 

orea projections of structural 
ekments from the Magnolia 
Formation near Onemile Creek. 
Contoured at 1,3,5,7,9 O/O per 
'lob area. 

A. 96 poles to bedding. 
Overturned beds ( x )  .and right - 
side-up 'beds (-)  have the same 
orientation and define an isoclinal 
fold with axial 'plane labeled S,. 
Dostred line is girdle of poles to 
bedding defining a later generation 
fold with axis 8,.  

B. 51 stretched 'pebble ( a ) . ,  9 
minor fold axis (+) and' 4 mineral (a) 
M i o n s .  All lineations are' 
subparallel to p3 with minor 
scotter along S, and S,. 

C. 30 poles to S, foliation. 8, 
formed at the intersection of the 
F3 axial plane (average s3j and 
the average orientation of bedding 
and F, axial plane (average S2) 
on the earlier isoclinal fold. , 



"average S 'I. This  f o l d  i s  r e f e r r e d  t o  as an F2 f o l d  because there  i s  2 

evidence f o r  a t  l e a s t  one e a r l  i 'er  f o l d  system', "Fl, i n  the ur ider ly ing Phan- 

tom Lake Su i te .  F igure  2,.32A a l s o  shows t h a t  poles t o  bedding have been 

r e d i s t r i b u t e d  onto a g r e a t - c i r c l e  g i r d l e  about' a  l a t e r ,  F3, f o l d  a x i s  

( l a b e l e d  B ) .  
3 

L inea t i ons  i n  the  Ma,ngolia Formation o f  t he  Onemile Creek area a r e  

shown i n  F igu re  2.328. Minor f o l d  axes, s t re tched pebble l i n e a t i o n s  i n  

the  conglomerates, and minera l  l i n e a t i o n s  i n  the  maf ic  i n t r u s i v e  rocks 

a r e  a1 1 subpara l i e i  t o  8 de f ined from F igure  .2.32A. Most o f  t he  minor 
3 ' 

f o l d  axes h 'ave-ax ia l .  p.lanes para1 l e l  .to the  S '  Pol i a ' t i d " . - ( ~ i . ~ ~ ~ ~  3' 
2.32C) and those a r e  c l e a r l y  l a t e  F f o l d s .  However, several  have nor th -  

3 
s t r i k i n g  a x i a l  planes and these are  more r e a d i l y  expla ined i n  terms o f  a 

system o f  F2 r e c l i n e d  f o l d s  ( ~ i g u r e  2.318). I f  so, F and F would be 
2 3 

co -ax ia l  west-plunging f o l d  systems, the former i s o c l i n a l  and the  l a t e r : ,  

more open. Stretched-pebble l i n e a t i o n s  a r e  enigmatic and could represent :  

1) l i n e a t i o n s  nea r l y  perpend icu la r  t o  the a x i s  o f  an i n c l i n e d ,  g e n t l y  

p lung ing  F2 f o l d  ( ~ i g u r e  2.31A) ; 2) 1 ineat ions  p a r a l l e l  t o  the  f o l d  a x i s  

o f  t h e  l a t e r ,  west-plunging F3 fo lds ,  o r  most probably, 4) a  combination 

o f  (3) w i t h  (1) o r  (2 ) .  

F igu re  2.32C shows the  o r i e n t a t i o n  o f  the  S f o l  i a t i o n .  I n  outcrop, 
3 

t h i s  f o l  i a t i o n  cross-cuts bo th  bedding and . S 2  f o l  i a t i o n . .  I-t' a f f e c t s  rocks 

o f  t he  Phantom Lake Su i te ,  Magnolia Formation, Cascade Q u a r t z i t e ,  and 

maf ic  i n t r u s i v e  rocks i n d i s c r i m i n a n t l y  i n  the  Onemile area. The f a c t  t h a t  

i t  a f f e c t s  maf ic  i n t r u s i v e  rocks i s  evidence t h a t  the  F f o l d  system post-  
3 

dates the .ma jo r  episode o f  i n t r u s i o n  o f  gabbroic s i  1 1  s  and di. kes. 



As shown i n  F igu re  2.29, t h e  Onemile Creek area con ta ins  a  network 

o f  f a u l t s  w i t h  v a r y i n g  o r i e n t a t i d n  and v a r y i n g  sense o f  movement. A1 1 

f a u l t s  shown have been invaded by gabbro i  c  magma and a re ,  t h e r e f o r e ,  

o l d e r  than the  i n t r u s i o n  episode. The o l d e s t  f a u l t s  i n  F igu re  2.29 

a re  two n o r t h - t r e n d i n g  reverse  f a u l t s .  The western one passes j u s t  eas t  

o f  EMB-4 and . reve rse  movement on t h i s  f a u l t  i s  b e l i e v e d  t o  have p a r t l y  r e -  

moved t h e  over tu rned  1 imb o f  t h e  F.2 sync1 i n e  (F igu re  2.30) : The eas te rn  

one passes west o f  EMB-10 and i s  r espons ib l e  f o r  s p l i t t i n g  o f f  and re -  

pea t i ng  p a r t  o f  t h e  u p r i g h t  1  imb (A-A' o f  F i g u r e  2.30).  We b e l i e v e  t h a t  

movement on these f a u l t s  was penecontemporaneous w i t h  F2 f o l d i n g .  

The nex t  o l d e s t  f a u l t s  a re  two l e f t - l a t e r a l  f a u l t  systems. The 

southern one, seen i n  cross sec t i ons  B - B 1  and C - C '  ( F i gu re  2.30) t r ends  

no r th -no r theas t  and o f f s e t s  t h e  a x i s  o f  t h e  major  F2 s y n c l i n e  about 2  km. 

Th i s  f a u l t  has been invaded by a  l a r g e  s i l l  which reaches a  map t h i c k -  

ness o f  1.2 km southwest o f  t h e  area o f  F i gu re  2.29. Th i s  f a u l t  system 

i s  shown i n  F i g u r e  2.29 t o  have a  sp lay  which passes between EMB-8 and 

MB-16, d i s r u p t i n g  t he  c o n t i n u i t y  o f  t h e  main r a d i o a c t i v e  conglomerates. 

A second 111ajor l e f t - l a t e r a l  f a u l t  occurs n o r t h  o f  A-A'. Th is  f a u l t  

t r unca tes  t he  F2 s y n c l i n e .  The no r thwes t - t r end ing  f a u l t  Jus t  n o r t h  o f  

EMB-2 i s  shown i n  A-A' and B - B '  (F i gu re  2.30) t o  be a  normal f a u l t  b r i n g -  

i n g  o l d e r  rocks up on t h e  n o r t h  s i d e  and down-dropping t h e  lower  u n i t s  

o f  t h e  Magnol ia  Format ion. Th i s  f a u l t  may a l s o  have a  component o f  

l e f t - l a t e r a l  movement. 

D iscuss ion  o f  S t r u c t u r a l  Con t ro l s  o f  M i n e r a l i z a t i o n  

A  d i scuss ion  o f  t h e  chronology o f  f o l d i n g  events  i n  terms o f  r eg iona l  

t e c t o n i c  r e l a t i o n s h i p s  i s  presented i n  e a r l i e r  sec t i ons  o f  t h i s  paper.  

Here, i t  i s  o f  obv ious importance t o  ask which aspects o f  t h e  s t r u c t u r a l  



s e t t i n g  o f  t he  Onemile Creek area might  have been important i n  the 

format i o n  o f  r a d i o a c t i v e  quar tz-pebble conglomerates, 

There a r e  two aspects which deserve a t t e n t i o n .  F i r .s t ,  the  Onemile 

a rea i s  one o f  two areas i n  t he  Medicine Bow Mountains where the  Mag- 

no1 i a  Format i o n  i s  i n  c l o s e  pr0xim.i t y  t o  a "basement" te r rane conta in -  

i n g  g r a n i t i c  rocks. I n  most areas t o  t h e  southwest, conglomerates i n  

t h e  Magnol ia Formation unconformably o v e r l y  t h i c k  sec t ions  o f  the  Phan- 

tom Lake Metamor'phic S u i t e  c o n t a i n i n g  q u a r t z i t e  and metabasalt .  I n  

1 i g h t  o f  t h e  f a c t  t h a t  t he  source o f  d e t r i t a l  uranium and thor ium min- 

e r a l s  i n  Precambrian quar tz-pebble conglomerates i s  be l ieved t o  be Late 

Archean g r a n i t e s  ( ~ o s c o e ,  1969; Pretor iums, 1976; Houston and Kar ls t rom, 

1980) i t  i s  tempt ing t o  speculate t h a t  t he  p r o x i m i t y  o f  the  Onemile 

Creek conglomerates t o  g r a n i t i c  rocks may p a r t l y  e x p l a i n . t h e  r e l a t i v e l y  

h i g h  uranium and thor ium c'ontents o f  the Magnolia . . Formation i n  t h i s  area. 

I n  o t h e r  areas, a l though conglomerates were deposited by s i m i l a r  f l u v i a l  

processes, t he re  appears no t  t o  have been as good a source o f  r a d i o a c t i v e  

minera ls .  

The second aspect which deserves d iscuss ion  .is our  i n t e r p r e t a t i o n  t h a t  

the Onemi 1 e Creek area may have been near the  margin o f  the  Deep Lake Group 

d e p o s i t i o n a l  basin.  There a r e  several  l i n e s  of  evidence support ing t h i s  

i n t e r p r e t a t i o n .  F i r s t ,  t h e  Onemile Creek area i s  the northernmost l i m i ' t  o f  

the  Deep.Lake Group, as seen today. Second, tb.e presence o f  onlappi.ng . .  . un- 

conformi t i e s ,  one below t h e  Magnol i a   orm mat ion and one below the Cascade 

. Q u a r t z i t e  suggests . . p r o x i m i t y  t o  bas tn-boundi-ng highlands. (Salop, 1977, p, 

21) .  .Th i rd ,  . . the i n t e n s i t y  o f  f a u l t i n g  and o f  Fg and F fo ld i ,ng i n  the  3 
0nemi.le area, compared t o  areas t o  the  south, may r e f l e c t  h igher  s t r a i n  



i n  the th inne r  sedimentary p i l e  a t  %he edge.o f  the. depo.si t i o n a l  basin.  

I n  view of  the very a c t i v e  syndeposi t ional  tectonism t h a t  i s  hypothesized 

f o r  fanLdel t a  format ion i n  the  Witwatersrand Sequence o f  South A f r i c a  

(8rock and P re to r i us ,  1964, P re to r i us ,  1976), i t  i s  p l a u s i b l e  t o  suggest 

t h a t  some of  the f a u l t s  i n  the Onemi l e  Creek area .(e,g. , the northwegt 

t rend ing  normal f a u l t  in. Figuce2.291) may represent  r e a c t i v a t i o n s  o f  o l d  

syndeposi t ional  f au l t s .  which were a c t i v e  a long the  marg,in o f  the  deposi-  

t i o n a l  basin. Incremental movements a long such f a u l t s ,  du r ing  depos i t ion ,  

p lays  a l a rge  r o l e  i n  causing prolonged d l u v i a l  reworking o f  conglomerates 

on a l l u v i a l  fans and fan  de l tas .  Thi.s reworking mechanical ly concentrates 

the uranium, go ld  and o the r  heavy minera ls  i n  the m a t r i x  6 f  mature q u a r L ~ -  

pebble conglomerates ( ~ i n t c r ,  1976). Thus, the  p o s i t i o n  o f  the Onemile 

Creek area near a t e c t o n i c a l l y  a c t i v e  margin o f  the Deep Lake depos i t iona l .  

basin may he lp  e x p l a i n  the presence o f  r a d i o a c t i v e  conglomerates i n  t h i s  

area. 

De ta i l ed  S t ra t i g raphy  o f  the  Magnolia Formation i n  t h e  Onemile 

Creek Area 

P l a t e  4 shows s i x  s t r a t i g r a p h i c  sec t ions  o f  t he  Magnolia Formation i n  

the Onemile Creek area and summarizes pebble s i z e  in fo rmat ion ,  petrography, 

and rad iomet r i c  c h a r a c t e r i s t i c s  o f  the Onemi l e  Creek conglomerates and 

q u a r t z i t e s .  These sec t ions  were compiled from d r i l l  core and surface mea- 

sured sec t ions  and a re  arranged from more proximal ( l e f t )  t o  more d i s t a l  

( r i g h t ) ,  assuming a n o r t h e r l y  source f o r  the  c l a s t i c  sediments. The dom- 

i n a n t  l i t h o l o g y  i n  the Onemile Creek area i s  coarse-grained subarkosic 

q u a r t z i t e  bu t  beds of boulder paraconglomerate, p h y l l i t e ,  quar tz-granule 



conglomerate, and h i g h l y  r a d i o a c t i v e  quartz-pebble conglomerate are  a l so  

present  and l o c a l l y  abundant. 

F igure 2.29 shows f i v e  l i t h o s t r a t i g r a p h i c  u n i t s  i n  the  Magnolia 

Formation of t he  Onemi l e  Creek area. Th is  s t ' r a t i g raph ic  i n t e r p r e t a t i o n  

a i d s  i n  o u t l i n i n g  the  complex s t ruc , tu re  i n  the  Onemile Creek sync l i ne  

and i s  a  use fu l  s  imp1 i f  icat ' i 'on i n  r e p o r t i n g  o re  reserve .est imates. HOW-. 

ever, i t  i s  p red ica ted  on the  assumption t h a t  p h y l l i t e s  o f  U n i t . 4  a re  

l a t e r a l l y  cont inuous and c o r r e l a t a b l e  over the  Onemile Creek area. An 

a l t e r n a t i v e  i n t e r p r e t a t i o n ,  presented i n . F i g u r e  2.33 and discussed l a t e r ,  

views t h e  p h y , l l i t e s  and o the r  l i t h o f a c i e s  i.n the  Onemile Creekarea of t he  

Magnolia Formation as d iscont inuous and l a t e r a l l y  v a r i a b l e  u n i t s .  Ore 

reserve est imates, discussed i n  Volume 3, were done f o r  small segments 

o f  rock around the f o l d  ( roughly f o l l o w i n g  P l a t e  4) and a re  v a l i d  re -  

gard less  o f  which s t r a t i g r a p h i c  i n t e r p r e t a t i o n  i s  used. The b iggest  d i f -  

ference between the  two i n t e r p r e t a t i o n s  i s  i n  the t o t a l  reconstructed 

th ickness o f  t he  Magnolia Formation i n  t h i s  area and i n  i n t e r p r e t a t i o n s  

o f  depos i t i ona l  environments. We favor  the  former i n t e r p r e t a t i o n  o f  

l a t e r a l l y  cont inuous s t r a t i g r a p h i c  u n i t s  which suggests an o v e r a l l  

th ickness o f  400 m and depos i t i on  on an ex tens ive  wet a l l u v i a l  fan o r  

i n  a  bra ided r i v e r  system. The l a t t e r  i n t e r p r e t a t i o n ,  o f  r a p i d l y  chang- 

ing 1 i tho fac ies  (F igu re  2.33) suggests an o v e r a l l  thickness o f  204 m and 

depos i t i on  on a  smal ler  a l l u v i a l  fan  system. The f o l l o w i n g  d iscussion 

o f  P l a t e  4  p o i n t s  ou t  t he  c h a r a c t e r i s t i c s  o f  t he  major l i t h o f a c i e s  i n  

each s t r a t i g r a p h i c  sect  ion.  

u n i t  1 i s  composed o f  a  'basal a rkos i c  paraconglomerate o v e r l a i n  

by grave l  1 y subarkose. Basal conglomerates are  exposed near EMB-1 and 

MB-16 (Figure 2.29). These are  poor l y  packed conglomerates w i t h  cobbles 



(and r a r e  bou lders  up t o  35 cm i n  d iameter )  o f  quartz. ,  q u a r t z i t e ,  and 

g r a n i t e ,  i n  a  m a t r i x  o f  laminated,  m u s c o v i t i c  and' b i o t i t i c  subarkose. 

The basal  paraconglomerates appear t o  be d i scon t i nuous ,  fo rming  t h i n  lenses 

o r  sheets tens o f  meters wide and up t o  2 m th i .ck .  As shown i n  P l a t e  4, 

t h e  basal  paraconglomerates a r e  o n l y  m i l d l y  r a d i o a c t i v e ;  maximum assays 

'of 240 ppm U and 210 ppm Th were found i n  MB-16. 

U n i t  2 i s  coarse-gra ined t o  g r a n u l a r  m u s c o v i t i c  subarkose. The 

lower  boundary i s  and i s  p laced  j u s t  above t h e  l a s t  'major  

conglomerate o f  U n i t  1 .  I n  t h e  v i c i n i t y  o f  EMB-1 (column 2  o f  P l a t e  4) 

t h e r e  a r e  two d i s t i n c t  p a r t s  o f  U n i t  2. The lower  p a r t  i s  a  p o o r l y  

s o r t e d  g r a n u l a r  subarkose which, i n  ou t c rop ,  shows p a r t i n g s  o f  one 

cen t ime te r  o r  l ess  which a r e  low ampl i tude ,  smal l  s c a l e  t r ough  c ross -  

beds w i t h  t r ough  depths o f  severa l  . cen t imete rs ,  w id ths  o f  10-40 cm, and 

a l eng ths  o f  a  meter o r  more. T h i s  lamina ted  s e c t i o n  changes a b r u p t l y  t o  

a  t h i c k e r  bedded (10 cen t ime te r  beds) qua r t z -g ranu le  conglomerate which 

i s  a l s o  t r ough  crossbedded. U n i t  2  a l s o  con ta ins  t h i n  ( seve ra l  cm 

t h i c k )  muscovi t i c  quar tz -pebb le  conglomerates which ex tend  l a t e r a l  l y  

tens  o f  meters and c o n t a i n  up t o  130 ppm U and 99 ppm Th i n  t he  EMB-1 

area.  Near MB-16, U n i t  2  i s  more a r k o s i c  and con ta ins  more h i q h l y  r a -  

d i o a c t  i v e  conglomerates (up t o  1620 ppm U and 212 ppm cTh). Conglomer- 

a tes  i n  bo th  areas c o n t a i n  pebbles o f  q u a r t z ,  q u a r t z i t e ,  and g r a n i t e ,  . 

i n  an i r o n - s t a i n e d  muscov i t i c  m a t r i x .  D r i l l i n g  has shown t h a t  t h e  i r o n  

s t a i n  i s  f rom o x i d i z e d  p y r i t e .  

U n i t  3 i s  s i m i l a r  t o  U n i t  2, a  coarse-gra ined t o  g r a n u l a r  muscov i t i c ,  
. , 

troug'h crossbedded subarkose w i t h  sca t t e red ,  s l i g h t l y  r a d i o a c t i v e  



subarkos i c  conglomerates. Trough crossbeds a r e  s imi  l a r  t o  those de- 

sc r ibed  i n  U n i t  2. The subd iv i s ion  i s  based on the  presence o f  c lean 

quartz-pebble conglomerates w i t h i n  more massive q u a r t z i t e s  i n  U n i t  3. 

Near EMB-1 , these conglomerates conta in  up t o  88 ppm U and 150 ppm Th 

i n  d r i l l  ho le.  Near M.B-16, U n i t  3 cong1omerat.e~ con ta in  up t o  30 ppm 

U and 26 ppm Th. 

U n i t  4 conta ins b i o t i t e -  an,d ~ h l o r ~ t e - r i c h  phyl . l . i tes and .schists 

w i t h  beds o f  paraconglomerate, f i n c -  t o  mcdium-grained b i o t i t i e  quartz .  

i t e ,  and occasional quartz-pebble conglomerates. U n i t  4 p h y l l i t e s  were 

encountered i n  EMB-I, EMB-6, EMB-7, and EMB-2 and are  used as a s t r a t i -  

g raph ic  marker i n  P l a t e  4. 

U n i t  5 conta ins the  major,  h i g h l y  rad ioac t i ve ,  quartz-pebble con- 

glomerates i n  the Onemile Creek area. Conglomerates occur w i t h i n  t h i c k  

zones ( l abe led  5a and 5b i n  P l a t e  4) o f  muscov i t i c  quartz-pebble conglom- 

e r a t e  interbedded w i t h  coarse-grained t o  granular ,  muscovi t i c  q u a r t z i t e .  

A l l  contac ts  are  g rada t iona l  and l i t h o l o g i c  designat ions shown i n  P l a t e  

4 r e f l e c t  t he  dominant l i t h o l o g y  w i t h i n  i n t i m a t e l y ' m i x e d ' s e c t i o n s  o f  

quartz-pebble conglomerate, quartz-granule conglomerate, and coarse- 

gra ined q u a r t z i t e .  I n d i v i d u a l  rad ioac t i ve  quartz-pebble conglomerates 

a re  s h e e t - l i k e  and range i n  thickness from one o r  two pebbles t h i c k  t o  

beds over -a meter t h i c k .  I nd i v idua l  beds appear t o  be continuous f o r  

several  .hundred meters. Some conglomerates a r e  d i s t i n c t l y  bimodal, 

o the rs  a re  poor ly  sor ted  w i t h  a complete range i n  gra,in s i z e  from sand. 

t o  pebbles ( p l a t e  4 ) .  We have no t i ced  no systematic grading w i t h i n  i n -  

d i v i d u a l  conglomerate beds. Some beds f i n e  upward, o thers  f i n e  downward 

o r  l a t e r a l  l y .  



Clast  s i ze  i n  conglomerates was studted by measuring the  ten  l a rg -  

e s t  pebbles i n  outcrop o r  the  s i n g l e  l a r g e s t  pebble i n  d r i l l  core.  

C l  as ts  a re  severely s'tretched so we converted. pebb.le. e l  1:ipsoi ds t o  

equ iva lent  spheres f o r  p resenta t ion  i n  P l a t e  4. Where on ly  two s izes  

o f  pebble e l  1 ipsoids were measurable, the  t h i r d  a x i s  was assigned a 

value based on the r a t i o s  o f  t he  axes o f  mean pebble e l  1 ipsoids ( s t r a i n  

e l  1 i pso ids?)  from each outcrop; As shown i n  P l a t e  4, we found no ob- 

vious t rends i n  maximum pebble s i z e  over the  0nemile.Creek area. Clasts 

ranged i n  s i z e  .fkom granules t o  cobbles 7'.5 cm i n  diameter. However, 

most o f  the  rad ioac t i ve  conglomerates are  small pebble conglomerates 

w i t h  pebbles one t o  three cent imeters i n  diameter. Pebbles a re  s t re tched 

and we l l  rounded. Many c0,nglomerates conta in  100 percent  quar tz  pebbles; 

others con ta in  up t o  20 percent q u a r t z i t e  and g r a n i t e  , in w i t h  quartz .  

The q u a r t z i t e  c l a s t s  are f ine-gra ined and s l . i g h t l y  micaceous and resemble 

q u a r t z i t e s  o f  t he  under ly ing  Phantom Lake Su i te .  Gran i te  c l a s t s  appear 

t o  have been der ived from the  body s i m i l a r  t o  the Late Archean g r a n i t e  

immediately t o  the  n o r t h  o f  t he  Onemile Creek area ( ~ i g u r e  2.29). No 

maf ic  rocks or  p h y l l i t i c  c l a s t s  were found i n  Uni,t 5. Packing dens i ty  

.of pebbles i s  hard t o  estima'te because o f  s t r e t c h i n q  and f l a t t e n i n g  o f  

pebbles du r ing  deformation. Many conglomerates i n  U n i t  5 are  obv ious ly  

pebble supported, others may not  have been. 

The m a t r i x  of U n i t  5 conglomerates .consis.ts. o f  rounded t o  subangu- 
2 .  . , 

l a r  quar tz  granules, up t o  3 0  percent muscovite and s e r i c i  te; up t o  5% 

fe ldspar  granules, and loca l  granules o f  q u a r t z i t e  and g r a n i t e .  I n  . .  "! 

some samples the m a t r i x  may conta in  up t o  30 percent very 'f ine-grained,. 

1 angular,  quar tz  g ra ins  forming a t r imodal  d i s t r i b u t i o n  w i t h  pebbles and 



granules.  The most r a d i o a c t i v e  conglomerates con ta in  up t o  30 percent 

p y r i t e  i n  the  ma t r i x .  P y r i t e  occurs as sand s i z e  g r a i n s ,  (up t o  2 mm) 

which may be rounded g r a i n s  w i t h  euhedral overgrowths, euhedral c r y s t a l  s, 

o r  i r r e g u l a r  masses f i l l i n g  space between quar tz  gra ins .  I n  conglomerate 

outcrops,  p y r i t e  i s  n e a r l y  completely ox id i zed  t o - h e m a t i t e  and l i m o n i t e  
. . 

bu t  cub ic  pseudomorphs o r  vugs are  f requen t l y  preserved. 

Q u a r t z i t e s  o f  U n i t  5 which a r e  . in terbedded 'w i th  the  quartz-pebble 

conglomerates are  genera l l y  moderately sor ted  and s i m i l a r  In composltlon 

' t o  t h e  m a t r i x  o f  nearby conglomerates. Q u a r t z i t e s  a r e  genera l i y  much 

poorer i n  i y r l t e ,  u s u a l l y  conta in ing  on.ly one t o  two percent.  

The composit ion o f  t h e  conglomerates i s  q u i t e  v a r i a b l e  both l a t e r a l -  

l y  and v e r t i c a l l y .  P l a t e  4 shows t h a t  fe ldspar  content  o f  U n i t  5 i s  low 

i n  EMB-6-7, and EMB-10 b u t  i s  h igher  i n  EMB-8, and tMB-9-2. TRls v a r l a -  

t i o n  i n  fe ldspar  content  occurs on smal ler  scales a lso.  Near EMB-10, 

the  fe ldspar  content  of t he  m a t r i x  o f  conglomerates v a r i e s  from zero t o  

seven percent,  w i t h  the  more fe ldspa th i c  conglomerates conta in ing  more 

g ran i  t c  pebbles. I n  general,  i t  appears t h a t  the cleaner cony lanerates, 

i .e .  t h e  ones w i t h  less  fe ldspar  tend t o  be the  most rad ioac t i ve .  

Abundant f a u l t s ,  and f a u l t s  invaded by gabbroic i n t rus ions ,  make 

i t  d i f f i c u l t  t o  recons t ruc t  the  t r u e  th ickness o f  the  s t r a t i g r a p h i c  sec- 

t i o n .  C o r r e l a t i n g  u n i t s  as we have done i n  P l a t e  4, the t o t a l  ttiickiless 

i s  about 400 meters .  However, a~,~otl.ier- ppssi b.le i n t c r p ~ c t o t i o n ,  i s  t h a t  

a l l  l i t h o f a c i e s  a r e  l e n t i c u l a r  and not  c o r r e l a t a b l e  from one.area' t o  an- 

o ther .  F igure 2.33 uses the same sect ions as i n  P l a t e  4 bu t  they a re  

pos i  t ior ied so t h a t  t h e  t l ~ i c k n ~ s s '  o f  t he  exposed sec t ion  a t  each l o c a t i o n  

represents near l y  the  e n t i r e  th ickness o f  t he  Magnolia Formation, about 
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unconformable paraconglomerate phyllite.and 
contoct fine-gmined quaruite 

fPou&r,intrusive 0 coarse-grained qu~r tz i te  with 
scattered granulesand pebbles 

~nferred formational I_ '  boundary : ;~;;~i ;a~orlz  - pebble 

Figure 2.33. Reconstructed stratigraphic columns of th? Magnolia Formation 
in Ihe Onemile Creek area, this interpretation shows np id  facies changes, 
and total formational thickness approximately equal to maximum exposed 
thkkness (204 m 1. 



204 m. Because o f  complicated s t r u c t u r e  and d iscont inuous outcrops, we 

cannot say t h a t  e i t h e r  o f  our i n t e r p r e t a t i o n s  i s  co r rec t .  We pre fer  

the  one shown i n  P l a t e  4 because the  r e l a t i v e l y  great  (30 meter) t h i c k -  

ness o f  phyl  1 i t i c  zones suggests t o  us . f a i  r l  y extensive (on the order  o f  

k i l omete rs  a t  l e a s t )  l a t e r a l  dimensions f o r  these. f ine-gra ined u n i t s .  

Sedimentology o f  t he  Magnolia Formation i n  the  Onemile Creek Area 

The Magnol i e  Format i o n  o f  the  Onemi l c  Creek area i s charac ter ized 

by a complex I I I~A~UI-t  o f  1 i thofoeics I hor Tzcantall y bcdrled .c last -supported 

grave l< ,  muddy matr ix-supported qravel ,  t rough crossbedded sand, h o r i -  

z o n t a l l y  bedded sand, and s i l t s  and muds. These f a c i e s  a r e  a l l  common 

i n  bra ided r i v e r  environments ( ~ i a l l ,  1977; 1978) and we i n t e r p r e t  t he  

2 
i n t e r c a l a t e d  charac ter  o f  these 1 i thofacies; w i t h i n  a several km area 

t o  be s t rong evidence f o r  braided stream depos i t ion  o f  the Magnolia For- 

mation. 

More s p e c i f i c a l l y ,  a v a i l a b l e  evidence suggests bra ided stream depo- 

s i t i o n  i n  the  mid-fan, b u t  main ly  i n  more d i s t a l  po r t l ons  uf a w e L  a l -  

l u v i a l  fan system; i .e. one formed by perennia l  stream f l ow  (~chumm, 

1977). Evidence f o r  a l l u v i a l  fan deposit i 'on includes the  r a p i d  fa'cies 

changes i n  t h e  u n i t ,  t h e  change i n  character  o f  the Magnolia Formation 

t o  the  south (discussed below) and the  presence of poor ly  sor ted,  mica- 

ceous paraconglomerates which we in ' t e rp re t  t o  be debr is  f lows.  Debris 

f lows a re  common i n  many a l l u v i a l  fan environments ( ~ u s t ,  1979, p. 12). 

Evidence f o r  mid-fan depos i t ion  i s  the  presence o f  rad ioac t i ve  quartz.- 

pebble .conglomerates which may represent sheet gravels,  b r a i d  bar de- - 

pos i t s ,  and channel f i l l  deposi ts  i n  which heavy mineral p lacers  were 

concentrated by cont inued sediment reworking i n  a c t i v e  pa r t s  o f  the  fan 



system  inter, 1976, 1978; Smith and Min ter ,  1980). The r . e l a t i v e l y  

t h i n  lenses o f  conglomerate, dominance o f  small pebble conglomerates, 

and the absence i n  s i g n i f i c a n t  q u a r t z i t e s  o f  t he  most dense heavy min- 

e r a l s  -- gold and u ran in i te ,  appear t o  indica ' te more d i s t a l  f l u v i a l  

environments than those in fe r red  + for .  foss'i I - p lace r  .conglomerates i n '  the  

~i twatersrand Sequence ( ~ i ' n t e r ,  1978) anu the E l  1 i o t  Lake area o f  Can- 

ada ( ~ o s c o e ,  1969). The presence o f  t h i c k  p h y l l i t e  sec t ions  i n  the  One- 

m i l e  Creek area' a l so  appear t o  requ i re  e i t h e r  d i ' s ta l  depos i t iona l  en- 

vironments o r  low fan p r o f i l e s  and ' f a i r l y  s t a b l e  p o s i t i o n i n g  .of the main 

stream channel, which would a l l ow  accumulation o f  t h i c k  sect ions o f  

f ine-grained mate r ia l .  P u s ~ i l r l e  l u w  ra11 pr.uI-l leb, L11e t l ~ l n  a r~d  l a t e r a l -  
. . 

l y  extensive character  o f  conglomerate layers,  the  absence o f  scour 

fea tures ,  low ampli tude o f  trough crossbeds, and the  r e l a t i v e  s c a r c i t y  

o f  paraconglomerates (debr is  f lows) a1 1 suggest . . depos i t ion  on a  wet 

a l l u v i a l  fan  where depos i t ion  was dominated by sheet- f loods.  

Mineralogy o f  Radioact ive Conglomerates ' i n .  the  Onemile Creek Area 

The m a t r i x  o f  rad ioac t i ve  quartz-pebble conglomerates i n  the  One- 

m i l e  Creek area conta ins  a v a r i e t y  o f  minerals.  As shown i n  P l a t e  4, 

quar tz ,  f ~ l d s p a r ,  and mica are by f a r  the most abundant. A p l o t  o f  

these major const i tuents  ( ~ i g u r e  2.8) shows the rocks t o  be a r g i l l a -  

ceous subarkoses and quar tzaren i tes .  

A number o f  heavy minerals a re  a l s o  concentrated i n  the m a t r i x  

o f  the conglomerates. P y r i t e  i s  by f a r  the  most abundant heavy min- 

"era1 and may c o n s t i t u t e  up t o  30 percent o f  the  ma t r i x  o f  conglomer- ' .. 

ates (5a o f  column EMB-9-2 i n  P l a t e  4) .  As shown i n  P l a t e  4, p y r i t e  

( labe led opaques - 0) occurs i n  s i g n i f i c a n t  p ropor t ions  on ly  i n  



conglomerates o f  U n i t  5. P y r i t e  t y p i c a l l y  occurs as euhedral g ra ins  and 

as aggregate g ra ins  ( ~ i ~ u r e  2.34). Some py r . i t e  g ra ins  have p a r t l y  round- 

ed shapes ( ~ i ~ u r e  2.348), o the rs  have rounded core g ra ins  w i t h  secondary 

duhedral overgrowths ( ~ i g u r e  1.15). Th is  suggests t h a t  the  o r i g i n a l  

p y r i t e  g ra ins  may have been rounded d e t r i t a l  g ra ins  and t h a t  the present 

euhedral g r a i n  shapes r e f l e c t  r e c r y s t a l  1 i z a t i o n  dur ing  amphibol i t e  f a c i e s  

~etamorphism. The presence o f  p y r i t e  i n  m ic ro f rac tu res  ( ~ i ~ u r e s  2.34A 

and 1.15) both para l  l e l  and perpei ldfcular r o  beddl'ng 5s also Gi:oldl ly i-c-. 

1 ated t o  metarnorphi sm, 

0 the r .non- rad ioac t i vc  heavy minerals inc lude i l m e n o r u t i l e ,  s l r cnn ,  

a p a t i t e ,  galena (mainly radiogenic) ,  cha lcopyr i te ,  b o r n i t e ,  marcasite, 

sphene, i lmeni te ,  columb'i t e ,  magnetite, anatase, r u t i l e , .  arid spessar t l n e  

garnet  ( ~ e s b d r o u ~ h  and Sharp, 1979, p. 38). l l m e n o r u t i l e  i s  f a i r l y  com- 

mon and occurs as spher ica l  o r  e l l i p t i c a l  g ra ins  w i t h  20-30 percent i n -  

t e r s t i  t i a l  qua r t z  (F igu re  2.348). Rounded and subrounded z i rcons a re  

a l s o  common b u t  a re  v o l u m e t r i c a l l y  minor because o f  small g r a i n  s izes.  

Some z i rcons appear metamict and others are, i n  f a c t ,  f i n e  aggregates 

which may be metamorphic i n  o r i g i n .  Garnet and a p a t i t e . g r a i n s  are  gen- 

e r a l l y  we l l  rounded and a re  considered t o  be d e t r i t a l  i n  o r i g i n .  

Chalcopyr ' i tc  and b o r n i t e  are  uncommon bu t  are present  as small i r -  

regu la r  masses i n  t h e  m a t r i x  o f  conglomerates o r  as i nc lus ions  i n  p y r i t e  

g ra ins .  Marcasi te i s  a l s o  uncommon and occurs as an a l t e r a t i o n  product 

o f  p y r i t e .  Galena occurs as small masses i n  p y r i t e  and as minute 

c r y s t a l s  i n  uranium-thor iumminerals.  Magneti te, i lmen i te ,  and'colum- 

b i  te. a r e  very uncommon m i  nera ls  i n  the heavy mineral su i  t e  and are  prob- 

ab ly  o f  d e t r i t a l  o r i g i n .  R u t i l e  i s  present as deep red, rounded gra ins  



Figure 2.34. Photomicrographs o f  heavy minerals from the Magnolia 
Formation o f  Onemile Creek. A. Euhedral p y r i t e  grains, p y r i t e  
aggregates, and microfracturerhexsled w i th  p y r i t e  (white). B. 
ske le ta l  grain gf i lmenoruti l e  (center) consist ing o f  a c o m p ~ x  
intergrowth o f  i lmenotut i l e  (intermediate gray) and quartz (dark 
gray). White p y r i t e  grains are subhedral o r  p a r t l y  rounded. Gray 
f ibrous crysta ls  are muscovite, l lmenoruti l e  grafn i s  .28 mm long. 



and as f i n e  aggregates w i t h  anatase. These aggregates probably developed 

through a l t e r a t i o n  o f  titanium-bearing minerals such as sphene, ilmeno- 

r u t i l e  and i lmenite. 

Desborough and Sharp (1979, p. 38) also ident i f ied  graphite i n  one 

sample. Graphite occurs as poorly crysta l l ized,  roundad grains w i th  in-  

c lusions o f  c o f f i n i t e .  The graphite contains su l fu r  and may be o f  o r -  

ganic o r i g in .  

Radioactive heavy minerals are c o f f i n t t c ,  thor i te ,  ghorogumnite, 

monazi te, hut ton i  t e  (l)  , k i d  a1 rcom* Acmrd ins t b  Desborqwh and Sharp 

(1979, p. 3) the uranlum-ih&r'ifim s i  1 icates c o f f f n i t e  andrthori t e  vary 

widely I n  compositim. The cofflnite contains 45661 w i g h t  percent 

uranium and up t o  sewr81 ~ t g h t  percene t h o ~ t m  apd lead whe~regs the 

thor  i t e  contains 20-45. iise'ight pewcent thorium and up 160 swera l  percent 

urani urn, lead, and yt tr ium. Th6s~turanium thorium m9nereFs are in  
I 

masses tha t  may have been rounde4 :or tg i n a l l y  but n& aCt8sa.r recrysta 1 - 
1 i red and t o  have devql opdd I'rrewl ar bordai -  or overg r&bs (Figure 

7.- - 1.16). 

Some of the uranium and thorium Tn the quartz*pebble conglomerate 

i s  present i n  z i rcon and rrrona~kte~ Low zircon appears metantPct o r  

recrys ta l  1 ized and mst sf the mawr,i t e  i s  be1 ieved t o  be r e ~ r y $ ~ t a l -  

1 ized and therefore a metamorphic mineral-. These two minerals contaln 

up t o  s l x  weight percent thorium C~esfmrough and Sharp, 1979, p. 38). 

Minute c rys ta ls  o f  uranium and thorium s f  1 icate ( c o f f i n i  te) are 

present t n  graphite and i n  nickel-cobalt- i ron sulphide gpains. 



Uranium and Thorium Content o f  Radioact ive ~ o n q l o h e r a t e s  i n  

the  Onemi l e  Creek Area 

Table 2.28 summarizes t h e  uranium and thorium content  of the most 

rad ioac t i ve  conglomerates encountered i n  d r i l ' l  'holes i n  the  Onemile 

Creek area. ~a 1 ues from EMB-6, 7', 8, and 1.0 a r e  from U n i t  5; va l  ues 

from MB-16 a r e  from U n i t s  1 and 2. Background values o f  muscovi t ic ,  

g ranu lar  and pebbly q u a r t z i t e s  throughout these u n i t s  i s  about 10-30 

ppm U and 10-25' ppm Th. .Maximum uranium values range up t o  1620 ppm U 

over 6 cm i n  MB-16 and 1380 ppm U over 60 cm i n  EMB-6. ~aximum thor ium 

values were 970 ppm Th over 6 cm i n  -EMB-6 and 730 ppm over 30 cm i n  

EMB-6. Th/U r a t i o s  a re  genera l l y  less than one and some a r e  a.s low 

as .19 r e f l e c t i n g  the  f a c t  t h a t  Onemile Creek Conglomerates a r e  appre- 

c i a b l y  r i c h e r  i n  uranium than thorium. Mean U and Th values   able 

2.28) were computed f o r  selected i n t e r v a l s  by c a l c u l a t i n g  weighted 

means from rad ioac t  i v e  congl'omerates ( w i t h  thicknesses shown) combined 

w i t h  l a rge  thicknesses o f  q u a r t z i t e s  w i t h  "background" U, Th values. 

Th is  compi la t ion  presents a more conservat ive view o f  the uraniurn re-  

sources i n  the  Onemile Creek than the  one p red ic ted  i n  Volume 3. Even 

though there  appears t o  be appreciable tonnages o f  uranium i n  the  con- 

glomerates the  m i n e r a l i z a t i o n  may be too  disseminated f o r  e f f e c t i v e  

underground mining. Table 2.28 suggests t h a t  the  mos t ' rad ioac t i ve .con -  

glomerates tend t o  be f a i r l y  t h i n  so t h a t  average uranium grades a r e  

genera l ly  low over mineable thicknesses. Possib le exceptions are i n  

EMB-6 where a n ine - foo t  i n t e r v a l  averages 411 ppm' U (236-245 fee t )  and 

where 4. t h i  +teen-foot  i n te rva  1 averages 285 ppm U , (290-303 f e e t )  ; and 

i n  MB- 16 where one ten - foo t  i n t e r v a l  averages 135 ppm U (380-390 f e e t ) .  



TABLE 2.28. ESTIMATE OF URANIUM AND THORIUM CONTENT OF RADIOACTIVE UNITS IN THE ONEMILE 
CREEK AREA. 

n 0 
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336.245 
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EMB-7 0-188 
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309.350 
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ME-1 6 63-1 76 
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209-323 ' 

323-343 
343-380 
380-390 
390667 

MEAN T ~ / U  

GRAND MEAN ThlU 



Geochemistry o f  Radioact ive Conqlomerates i n  the  Onemile Creek Area 

Cor re la t ions  between element concentrat ' ions and between elements 

and maximum g r a i n  s i z e  were c a l c u l a t e d  f o r  r a d i o a c t i v e  conglomerates o f  

the  Onemile Creek area t o  ga in  more i n fo rma t ion  on mineralogy o f  the con- 

glomerates and t o  examine the r e l a t i o n s h i p  between uranium content  o f  

conglomerates o f  a sedimentary parameter-grain s i ze .  Pearson c o r r e l a -  

t i o n  c o e f f i c i e n t s  were ca l cu la ted  f o r  1.4 elements as w e l l  as the  r a t i o  

Th/U and maximum pebble s i z e   a able 2.29). As shown i n  Table 2.29 sep- 

a ra te  mat r ices  were generated f o r  sur face conglomerates. (,I 18 samples) 

and subsurface conglomerates (209 samples .from EMB-6, 7, 8, 9, and 10 

and MB-16). Co r re la t i ons  were detcrmined us ing  a lognotmal d i s t r i b u t i o n  

f o r  each element. This  study was pat te rned a f t e r  Theis"(1979) study o f  

the E l l i o t  Lake uranium depos i ts  o f  southern On ta r i o  and shows major d i f -  

ferences between the Magnolia Conglomerates and' the  E l l i o t  Lake ore 

rocks . 
As shown i n  F igure  2.35A and Table 2.29, uranium c o r r e l a t e s  mod- 

e r a t e l y  we l l  w i t h  thor ium ( c o r r e l a t i o n  c o e f f i c i e n t  = .70 f o r  d r i i l - c o r e  

samples) which agrees w i t h  o p t i c a l  and microprobe identification o f  uran 

ium-. and thorium-bearing phases such as u rano tho r i t e ,  t h o r o g u m i t e ,  and 

poss ib le  xenotime. The presence o f  xenotime i s  a l s o  suggested by the  

good c o r r e l a t i o n s  between uranium/thorium and y t t r i u m  ( ~ i g u r e  2.35B,F ) .  

The moderate c o r r e l a t i o n s  ( 0.5) o f  uranium w i t h  z i rcon ium and cerium 

 a able 2.29) suggest t h a t  some uranium i s  present  i n  the l a t t i c e s  o f  z i r -  

cons and monazites. ( ~ l g u r e  2.35b shows t h a t  Ce i s  s t r o n g l y  c o r r e l a t e d  

w i t h  La which i nd i ca tes  the presence o f  monazite) . Monazites a l s o  con- 

t a i n  appreciable thor ium as shown by the  good c o r r e l a t i o n  (.83) between 



3125 - 243 
. . 

correlation coefficient = 0.70 correlotmn coefficient= 0.77 

- 
a - 

. *  . . .  . 

I - 
I 5 2 5  125 625  3 2 5  , I 4 16 6 4  ' 256 1024 I ,  - ' 

U, ppm (In scale) U, ppm (In scale) 

A. U plotted against Th. B. U plotted agdinst Y. 

correlation coefficient = 0.53 . correlation coefficient = 0.99 

256  - 

. .  -0 
. *  . t '.. 

4 - 

U, pprn (In %ole) Ce, p p  (In ceole) 

C. U plotted uyui~isl Ce. D. Ce plotted against La. 

3125 3 0 0  

correlation coefficient=0.83 correlalii coefficient = 0.89 

9 5  - 
6 2 5  - - 

Y 
C 

. C - - -  

6 
4 25 125 625  

. . 
Th, pprn (In scale) Th, ppm (In scale) , 

E. Th dlotted against Ce. F. Th plotted against Y. 

Figure 2.35. Correlations between selected elements from radioactive conglomerates 
of the Magnolia Formation of the Onemile Creek area. 



Th and Ce ( ~ i g u r e  2 . 3 5 ~ ) .  The poor c o r r e l a t i o n  (.20) ' between uranium 

and t i t a n i u m  ind ica tes  t h a t  b ranner i te ,  i f  present,  i s  uncommon. The 

s c a t t e r  i n  the U-Th p l o t  ( ~ i g u r e  2 . 3 5 ~ )  suggests . . t he  presence o f  a 

uranium-bearing phase t h a t  does no t  con ta in  thorium. Cof f  i n i t e  was iden- 

t i  f i ed  by microprobe s tud ies  ( ~ e s b o r o u ~ h  and Sharp, 1979, p. 32) and i s  

the most l i k e l y  candidate. 

Uranium c o r r e l a t e s  very poor l y  (0.02 i n  d r i l l  core) w i t h  maximum 

pebble s i z e  i n  the Onemile Creek conglomerates. Th is  i s  i n  marked con- 

t r a s t  t o  t h e  E l l i o t  Lake conglomerates where Theis (.1979, p. 12) showed 

a reasonably good c o r r e l a t i o n  (0.47) between these two parameters. Th is  

poor c o r r e l a t i o n  i n  t h e  Onemile Creek conglomerates suggests t h a t  pres- 

en t  uranium content i s  no t  r e l a t e d  t o  g r a i n  s i z e  and i n f e r r e n t i a l  ly t o  

stream v e l o c i t y  and depos i t i ona l  energy. Th is  may r e f l e c t  the  low spe- . 

c i f  i c  g r a v i t y  (2, 5) o f  uranium-bearing phases i n  the Onemi l e  Creek con- 

glomerates which would be less e a s i l y  f r a c t i o n a t e d  by sedimentary p r o r  

cesses than denser u r a n i n i t e  gra ins  ( .speci f ic  g r a v i t y  ,<  10) o f  the E l l i o t  

Lake congl'omerates. A l t e r n a t i v e l y ,  i t  may r e f l e c t  remob i l i za t i on  o f  

uranium dur ing  metamorphism o r  inadequacies i n  determining maximum g r a i n  

s i z e  i n  d r i l l  core. Note t h a t  the c o r r e l a t i o n  improves somewhat ('0..27) 

f o r  outcrop samples, where i t  was poss ib le  t o  more accura te ly  character-  

i z e  maximum pebble s ize .  The l a c k  o f  c o r r e l a t i o n  between uranium and 

g r a i n  s ize, 'even i f  i t  i s  r e l a t e d  t o  sedimentary fea tures  o f  the con- 

glomerate, does no t  r e f u t e  the  f i e l d  observat ion t h a t  the  h ighest  rad io-  

a c t i v i t y  i s  associated w i t h  conglomerat ic layers .  I t  may merely i n d i -  

ca te  tha t .  small pebble conglomerates a re  as 1 i k e l y  (or  more so) t o  be . 

h i g h l y  rad ioac t i ve  as cobble-bearing paraconglomerates. Uranium a l s o  



TABLE 2.30. MATRIX OF PE4RSON CORRELATMCN COE==ICIENTS FOR 3ADIOACTIVE ,ONGLOPAERATES OF THE IIAGNOLIA F0F:MATION FROM THE ONEMILE 
CREEK AREA. CORRELATION COEFFICIENTS FOR ELEMENTS WEAE C ~ V ~ P U T E D  USING LOG TRANSFORMATIONS. 

Subsurface Samples 

Max. 
Max. Peb. Mean 

-. Peb. Size, Conc. 
~ ( n t )  Th T~IU Fe I Y Zr K . Ce La Pb P Sa Nba V Size Uni t5  (ppn) 

U(nt) 

Th .63 

Th lU -.27 

Fe .57 

T i  .43 

Y .66 

Zr .55 

K .oo 
Ce .5 1 

La .45 

Pb .6 1 

P .69 

Ca .19 

Nb .23 

V .29 
Max. Peb. 
Size .27 

Mean 
Conc. ppn 25.3 
'wt % 

Outcrop Samples 



c o r r e l a t e s  poo r l y  w i  t h  po tass i  um (0.06) i n  t he ,  Onenii 1 e Creek conglom- 

era tes  suggesting t h a t  uranium content  i s  n o t  r e l a t e d  t o  the  m a t u r i t y  

o f  the  sediments and h i g h l y  r a d i o a c t i v e  conglomerates are  as l i k e l y  

t o  be arkoses and a rg i l l aceous  q u a r t z i t e s  as quar tzaren i tes .  

The r a t i o  Th/U does no t  c o r r e l a t e  p a r t i c u l a r l y  w e l l  w i t h  any th ing  

(Table 2.29). However, the d i f f e r e n c e  i n  mean Th!U values o f  ou tc rop  

samples (4.89) compared t o  d r  i 1 1 core  samples (1.65) i nd i ca tes  appre- 

c i a b l e  sur face ' leaching o f  uranium. 

Theis (1979, p. 11) repottted t h a t  uranium and l'ead had a s t rong 

c o r r e l a t i o n  (0.92) which .suggested t h a t : n e a r l y  a1 1 lead i n  the E l l i o t  

Lake congiomerates was radi6gc?nIc. The poorer (u./.j) c o r r e ' l a t i b n  i n  the 

Onemile Creek conglomerates suggests t h a t  whereas most o f  the  lead i s  

probably radiogenic,  there  a l s o  appears t o  be some pr imary lead minera l  

associated w i t h  the  heavy minera l  s u i t e .  Th i s  agrees w i t h  pe t rograph ic  

observat ions o f  galena i nc lus ions  i n  p y r i t e  g ra ins .  

Perhaps the  most s i g n i f i c a n t  f i n d i n g  o f  t h i s  study o f  element t o  

element c o r r e l a t i o n s  i s  t h a t  the geochemistry o f  the  Magnolia Fcrmation 

i n  the  Onemile Creek area i s  very d i f f e r e n t  from t h a t  o f  the o re  conglom- 

era tes  from E l l i o t  Lake. I n  the  Onemile Creek conglomerates uranium oc- 

curs i n  a v a r i e t y  o f  minera ls :  u rano tho r i t e ,  thorogummite, c o f f i n i t e ,  

monazite, and z i r c o n  whereas i n  E l l i o t  Lake, the  main uranium minera ls  

a r e  u r a n i n i t e  and branner i te .  Also, t he  p o s i t i v e  c o r r e l a t i o n  between 

g r a i n  s i z e  and uranium content i n  the E l l i o t  Lake rocks  heis is, 1979) 

does n o t  appear t o  ho ld  f o r  the  Onemile Creek conglomerates. This  may 

be due' t o  d i f f e r e n t  minera logies o f  the heavy minera l  su i t es ,  d i f f e r e n t  

sedimentary cond i t i ons ,  as r e f l e c t e d  by the  o v e r a l l  f i n e r  g r a i n  s izes  



i n  the Onemi l e  Creek conglomerates compared t o  the  E l  1 i o t  Lake rocks, 

o r  i t  may i n  some way r e f l e c t  metamorph'ic changes i n  t he  Onemi l e  Creek 

conglomerates, deformat ion o f  pebbles, o r  inadequate c h a r a c t e r i z a t i o n  

o f  maximum pebble s i z e  by our l i m i t e d  measurements o f  d r i l l  core. 

Magnolia Formation exc lud ing  t h e  Onemile Creek area 

Outside the  Onemile Creek area r a d i o a c t i v e  conglomerates crop out  

a long the  n o r t h w e s t ' l i m b  o f  the-Sand Lake Syncl ine i n  the drainage area 

o t  Threemi l e  Creek (F igure  2.28).  Gran.i t e  and q u a r t z i t e  .boulder,  amphi- 

b o l e  and b i o t i t e  m a t r ~ x ,  paraconglomerates o t  the Colber-g Metavolcanic 

Rocks grade i n t o  a r k o s i c  paraconglomerates o f  the  Magnolia Formation. 

Immediately above the  a rkos i c  paraconglomerates are  r a d i o a c t i v e  quar tz -  

pebble and quar tz -granu le  conglomerates w i t h  gamma-ray values up t o  20 

t imes background l e v e l s  and up t o  51 ppm U and 130 ppm Th. Outcrops o f  

conglomerate s t r a t a  extend south a long the Sand Lake Syncl ine f o r  about 

5 km (F iqu re  2.28) where they are  t runcated by an east-west t rend ing  

normal f a u l t  (see P l a t e  1).  A t  i t s  southern extension the Conglomerate 

Member i s  a p o l y m i c t i c  a r k o s i c  paraconglomerate con ta in ing  up t o  20 

pprn U arid 190 pprll Th i n  ou tc rop ,  and i s  o v e r l a i n  by quar tz -granu le  con- 

glomerates. 

Two holes were d r i  1 l e d  i n  the  Threemi l e  Creek area (EMB-5 and 

FMR-11) and three. were d r i l l e d  i n  the  5ol.lthern q e r t i n n  (ROWS - 1 ,  - 2 ,  

and' - 3 )  by companies i n  the  p r i v a t e  sec tor .  Subsurface in fo rmat ion  

conf irmed the  g rada t i ona l  na ture  o f  t h e , c o n t a c t  between the  Magnolia 

Format i on  and the  Col berg Metavolcanic Rocks i n  the  Threerni l e  Creek area. 



I n  bo th  areas t he  Conglomerate Member c o n s i s t s  o f  basa l ,  s l i g h t l y  r ad io -  

a c t i v e ,  a r kos i  c paraconglomerate.  The 'upper p o r t  i o n  o f  t h i . s  member, and 

t he  basal  s e c t i o n  o f  t h e  Q u a r t z i t e  Member, c o n t a i n  d iscon t inuous  lenses 

o f  h igh1  y r a d i o a c t i v e  quar tz -pebb le  and 'quar tz-granule conglomerates. 

Values o f  .up t o  365 ppm U an'd 344 ppm Th were. ob ta i ned  f rom core  i n  the  

Threemi le  Creek area and h ighs  o f  110 ppm U and 41 ppm Th occur red  i n  t h e  

Bows ho1 .e~ .  Subsurface extens ion '  o f  t he  most rad  i b a c t  i ve .conglomerate 

i n  t h e  . ~ h r e e m i  l e  Creek area i n d i c a t e s .  a downdip c o n t i n u a t i o n  o f  t h e  rad io -  

a c t i v e  zone f o r  a t  l e a s t . 3 0 0  meters.  F a r t h e r  south conglomerates a r e  

lower grade and l ess  cont inuous.  The o v e r l y i n g  q u a r t z i t e s  a r e  f i n e -  

g ra i ned  t o  g r a n u l a r  and l o c a l l y  t r ough  crossbedded. 

The c l a s t s  i n  these conglomerates a r e  up t o  10 cm i n  d iameter  and 

c o n s i s t  o f  q u a r t z ,  f ine-g ra ined  q u a r t z i t e ,  c h l o r i  t i c  q u a r t z i t e ,  g r a n i t e ,  

g r a n i t e  gne iss ,  s e r i c i t e  s c h i s t ,  and c h l o r i t e  s c h i s t .  I n  t h e  southern 

s e c t i o n ,  basal  conglomerates c o n t a i n  abundant m a f i c  and some r h y o l i t i c  

c l a s t s .  Most i n d i v i d u a l  conglomerate l a y e r s  con ta in  bo th  q u a r t z  and 

q u a r t z i t e  c l a s t s ;  s o r t i n g  i s  poor  o r  bimodal.  The m a t r i x  composi t ion 

i s  commonly c h l o r i t e ,  b i o t i t e  s c h i s t ,  o r  c h l o r i t e ,  b i . o t i t e - r i c h  q u a r t z i t e ,  

and o f t e n  con ta ins  app rec iab le  garne t  (Table 2.9).  The o v e r l y i n g  mica- 

ceous q u a r t z i t e s  a re  f i n e -  t o  coarse-gra ined rocks c o n t a i n i n g  megacrysts 

o f  c h l o r i t e  and b i o t i t e ;  I t  i s  i n t e r e s t i n g  t o  no te ,  a l so ,  t h a t  t h e  

h i g h e s t  percentages o f  p y r i t e  occur  w i t h i n  t h e  lower Q u a r t z i t e  Member 

(up t o  15 percer i t  i n  ~ M B - l  I )  and correspond t o  r a d i o m e t r i c  peaks. 

Hole MB-4  was d r i l l e d  on t h e  eas t  l imb o f  t he  Sand Lake Sync l i ne  

where a smal l  s e c t i o n  o f  t h e  Magnol ia Format ion i s  exposed (F igu re  2 .28) .  



Scat te red  outc rops  o f  quar tz-pebble conglomerate occur i n  t h i s  area and 

con ta in  up t o  1 3  pprn U and 485 pprn Th. ' Here, the  Magnolia Formation un- 

conformably over1 i e s  t h e  Bow River  Quar tz i tes  o f  the  Phantom Lake Meta- 

morphic S u i t e  and c o n s i s t s  e n t i  r e l y  o f  very coarse-grained t o  g ranu lar ,  

micaceous subarkose w i t h  sca t te red  p y r i t e  (see   able 2.9). No h i g h l y  

r a d i o a c t i v e  conglomerates- are present ;  t h e  hig.hest u ran i  um and ' t h o r i  um 

values are  14.ppm and 30 ppm. The upper c o n t a c t . w i t h  the .L indsey  Quartz- 

i t e  appears t o  be g rada t i ona l  i n  t h i s  area. 

The c e n t r a l  area o f .  the  Medicine How.Mountains inc ludes ourcraps 

o f  t h e  Magriol l a  Formarlon south and west U S  t l ~ e  T l l , r ee~~~ i . l e  Ci-eek area ,  and 

nor thwest  o f  t h e  A r r a s t r e  A n t i c l i n e .  Outcrops here a re  w ide ly  sca t te red  

bu t ,  ' i n  general , the  basal sect  i on  cons l s t s  o f  quar tz-granule cony lo~nerates 

which a re  o n l y  m i  l d l y  rad ioac t i ve .  The on l y  1ocat.ion where basal quar tz -  

pebble conglomerates a re  found i s '  nea r .  t he  North Fork o f  Rock Creek where 

they unconformably o v e r l i e  metabasalts and q u a r t z i t e s  o f  t h e  Phantom 

Lake Metamorphic Su i te .  Surface samples conta in  up t o  3.2 pprn U, and 

13 ppm Th and r e g i s t e r  gamma-ray values t h a t  a re  6 t imes background 

r a d i o a c t i v i t y .  These values are  n o t  h igh ,  bu t  l a rge  radon anomalies 

i n  ground waters were repor ted  fo r .  t h i s  area ( M i l l e r ,  1980) suggest ing 

g r e a t e r  concent ra t ions  o f  uranium i n  t h e  subsurface. The Bendix Cor- 

p o r a t i o n  d r i l l e d  h o l e  MB-11 i n  t h i s  area, i n  which no basal conglomerates 

wr=?.re n r . h ~ l n t e r e d .  Instead,  180 feet  o f  quar tz-granule conq lomerate 

d i r e c t l y  ove r lay  f i ne -g ra ined  q u a r t z i t e s  o f  t he  Conical Peak Q u a r t z i t e  . 
Maximum U and Th values a re  14 pprn and .36 ppm. The presence of  .radio- 

act . ive quar tz-pebble conglomerates on the  sur face suggests t h a t  the  radon 



anomalies may be accounted f o r  by s i m i l a r  h i g h l y  r a d i o a c t i v e  b u t  d i s -  

cont inuous beds i n  t h e  subsurface.   ow ever, no  such beds were i n t e r s e c t -  

ed by d r i l l  h o l e  MB-11. 

I n  t he  C ra te r  Lake area, southwest o f .  t he  Threemi le  Creek area, 

ou tc rops  o f  basal  Magnol ia Format ion c o n s i s t ' o f q u a r t z - g r a n u l e  con- 

g lomerate which unconformably over1 i e  t h e  Colberg Metavo lcan ic  Rocks. 

Maximum uranium and t ho r i um va lues  here  a r e  o n l y  1 pprn U and 26 pprn Th 

r e s p e c t i v e l y ,  and no ho les  were d r i l l . e d  i n  t h i s  area. Southwest o f  C ra te r  

Lake, i n  t h e  area o f  MB-14, qua r t z -g ranu le  conglomerates c o n t a i n  1.8 

pprn U and 16 pprn Th i n  ou tc rop .  .In t he  .area sou th  o f  t h e  t h r e e  Bows ho les ,  

ou tc rops  a r e  scarce bu t  a h o l e  was d r i l l e d  by t h e  Bendix F i e l d  Engineer- 

i n g  Corpora t ion  (MB-5)  t o  a depth o f  1429 f e e t .  A 1 3  f o o t  i n t e r v a l  o f  

quar tz -pebb le  conglomerate was encountered near t he  top  o f  t he  ~ a g n o l  i a  

Format ion, w i t h  a maximum o f  79 pprn U and 32 pprn Th.' No conglomerates o f  

t he  Conglomerate Member .were encountered. 

Thus f o r  t h e  most p a r t  i n  t h e  c e n t r a l  p o r t i o n  o f  t he  Medic ine Bow 

Mountains,  t h e  basal  s e c t i o n  o f  t h e  Magnol ia Format ion c o n s i s t s  o f  qua r t z -  

g ranu le  conglomerates which a r e  cons idered t o  be p a r t  o f  t he  Q u a r t z i t e  

Member. C las t s  i n  these conglomerates c o n s i s t  o f  q u a r t z ,  q u a r t z i t e  and 

o c c a s i o n a l l y  g r a n i t e .  The m a t r i x  i s  g e n e r a l l y  a micaceous q u a r t z i t e  s i m i -  

l a r  t o  sur round ing  q u a r t z i t e s  and con ta ins  rounded f e l d s p a r  g r a i n s ,  i n c l u d -  

i n g  p e r t h i t i c  and chessboard p l a g i o c l a s e .  

The Magnol ia Format ion crops o u t  again n o r t h  o f  A r r a s t r e  Lake a1,ong 

a no r theas t  t r e n d i n g  a n t i c l i n e  shown i n  F igu re  2.28. l n  t h i s  area, l en -  

t i c u l a r  beds o f  r a d i o a c t i v e  quar tz -pebb le  conglomerate a r e  found w i t h i n  



a t h i c k  sequence o f  a r k o s i c  paraconglomerates. These conglomerates can 

be t r a c e d  f o r  about 1000 meters on t he  eas t  l imb  o f  t h e  a n t i c l i n e  w i t h  

maximum U and Th va lues  o f  8 ppm and 38 ppm, and r a d i a t i o n  va lues  (22,000 

cpm) wh ich  a r e  3.5 t imes  background l e v e l s .  The Conglomerate Member does 

n o t  c r o p  ou t  on t h e  west s i d e  o f  t he  a n t i c l i n e .  Two ho les  were d r i l l e d  

i n  t h i s  area, PL-1 on t h e  eas t  f l a n k  o f  t he  a n t i c l i n e  and GH-1 on t h e  

west f l a n k  o f  t h e  s t r u c t u r e .  

On the  e a s t  f l a n k  o f  t he  a n t i c l i n e  t he  Conglomerate Member c o n s i s t s  

o f  about  633 f e e t  o f  p o l y m i c t i c  a r k o s i c  paraconglomerate which unccnform- 

a b l y  o v e r l i e s  t h e  Colberg Metavo lcan ic  Hocks. I h e  conglomerates a f e  

o n l y  m i l d l y  r a d i o a c t i v e  w i t h  subsur face maximum uranium va lues  o f  1 1  ppm 

and t ho r i um va lues  o f  30 ppm. No h i g h l y  r a d i o a c t i v e  quar tz -pebb le  con- 

g lomerates were encountered. As i n  t h e  Threemi le  Creek area, t he  radon 

con ten t  o f  d i  l u t e  ground wate r  was found by M i  1 l e r  and o t h e r s  (1977) 

t o  be s i g n i f i c a n t l y  h i g h e r  than can be accounted f o r  by su r f ace  rocks.  

I t  i s  p o s s i b l e  t h a t  l a t e r a l l y  ex tens i ve ,  b u t  low-grade paraconglomerates, 

and i s o l a t e d ,  l e n t i c u l a r  r a d i o a c t i v e  quar tz -pebb le  cor~y lon ierates a r e  t h e  

cause o f  t he  anomalous radon cen ten t  o f  ground wate r .  The o v e r l y i n g  rocks 

a r e  v e r y  f i n e -  t o  coarse-g ra ined  q u a r t z i t e s  c o n t a i n i n g  s i l t s t o n e  lenses,  

t r ough  crossbeds and f in ing-upward  sequences. These q u a r t z i t e s  reach a 

t h i ckness  o f  a t  l e a s t  750 f e e t .  D r i l l  h o l e  P I -1  was te rmina ted  a t  a 

dep th  of 17flf; f e e t ,  5 t i  1 1  i n  t he  Q u a r t z i t e  Member o f  t he  Magnol ia For-  

mat ion;  no r a d i o a c t i v e  conglomerates were cored. 

The Q u a r t z i t e  Member on t h e  west f l a n k  o f  t h e  a n t i c l i n e  i s  predom- 



i n a n t l y  a medium- t o  coarse-gra ined subarkose c o n t a i n i n g  many i n d i v i d u a l  

t h i n  conglomerate lenses as we1 1 as a few t h i n '  phy l  1 i t i c  layers .  Bed 

forms i n c l u d e  l o c a l  t rough crossbedding w i t h  f i n i n g  upward s e t s ,  and 

r i p p l e s  which occur  p r i m a r i l y  near  t he  base. 

The Conglomerate Member: i n  . the A r r a s t r e ' A n t i c l i n e  area c o n t a i n s  

c l a s t s  up t o  10 cm i n  d iameter  o f  qua r t z ,  q u a r t z i t e ,  c h l o r i t i c  q u a r t z i t e ,  

some rad ioac t i ve .  p y r i t i c  q u a r t z ' i t e  near  t h e  base, and some m a f i c  and 

g r a n i t e  c l a s t s  near  t h e  top.  The s c a r c i t y  o f  g r a n i t e  c l a s t s  and o f  f e l d -  

spar i s  n o t i c e a b l e  i n  t h i s  s e c t i o n  (see ~ a b ' l e  2.9). Rare ly .  t h e  conglomer- 

a tes  c o n t a i n  up t o  10% p y r i t e .  The m a t r i x  i s  g e n e r a l l y  m u s c o v i t i c  and 

c h l o r i t i c  and o f t e n  con ta ins  b i o t i t e  megacrysts. The Q u a r t z i t e  Member 

con ta ins  s c a t t e r e d  lenses o f  conglomerate and con ta ins  n o t i c e a b l y  more 

f e l d s p a r  than t h e  Conglomerate Member (see Table 2.9) ;  t h e  f e l d s p a r  i s  

predominant ly  p l a g i o c l a s e  and g e n e r a l l y  occurs as rounded g ra ins .  The 

q u a r t z i t e s  a r e  p o o r l y  so r ted ,  muscov i t i c ,  c h l o r i t i c ,  and b i o t i t i c ,  con- 

t a i n i n g  numerous megacrysts o f  b i o t i t e  s i m i l a r  t o  q u a r t z i t e s  o f  t h e  eas t  

l imb  o f  t h e  A r r a s t r e  A n t i c l i n e ,  and t o  q u a r t z i t e s  i n  t h e  v i c i n i t y  o f  

EMB-5 ( c e n t r a l  area) and the  Threemi le  Creek area. Small amounts o f  

p y r i t e  and hema t i t e  a r e  a l s o  p resen t  i n  t h e  q u a r t z i t e  member near the  

A r r a s t r e  A n t i c l i n e .  

The most southwestern ou t c rop  o f  t h e  Magnol ia  Format ion i n  t h e  

Medic ine Bow Mountains occurs i n  the  area o f  Brush Creek, (F igure  2.28).  

As i n  o t h e r  areas, ou tc rops  a r e  w i d e l y  sca t t e red ,  b u t  quar tz -pebb le  

conglomerates and a r k o s i c  paraconglomerates a r e  s t r o n g l y  r a d i o a c t i v e  



(up t o  5 t imes background). ' lnterbedded granule,  quartz-pebble, and para- 

conglomerates s i m i l a r  t o  those i n  t he  A r r a s t r e  A n t i c l i n e  area and i n  

d r i  1 1  h o l e  Bows-1 were d r i l l e d  t o  a depth o f  372 fee t  i n  d r i  1 1  ho le  

MB-9R. These rocks a r e  n o t  very rad ioac t i ve ,  w i t h  maximum values o f  78 

ppm U and 52 ppm Th. These conglomerates a re  interbedded w i t h  b i o t i t i c  

q u a r t z i t e ,  p h y l l i t i c  graywackies, and b i o t i t e - c h l o r i t e  sch i s t s .  Below the  

conglomerate zone i s  a sec t i on  o f  micaceous q u a r t z i t e  and c h l o r i t e - b i o t i t e  

s c h i s t  which i s  t e n t a t i v e l y  i d e n t i f i e d  as the  Conical Peak Q u a r t z i t e  

o f  t h e  Phantom Lake Metamorphic Su i te .  The conglomerates i n  the  Brush 

Creek area con ta in  c l a s t s  of quar tz ,  q u a r t z i t e ,  c h l o r i t e  s c h i s t ,  and gar- 

ne t  s c h i s t ;  no g r a n i t e  c l a s t s  were observed. The m a t r i x  and q u a r t z i t e s  

i n  t h i s  s e c t i o n  a re  muscov i t i c ,  c h l o r i t i c ,  and b i o t i t i c  con ta in ing  lesser  

amounts o f  p y r i t e  and hemat i te .  

Regional t rends from northwest t o  southwest, recognized i n  ' the 

Magnol ia Formation o f  t he  Medi.cine Bow Mountains a r e  1) a decrease 

i n  t h e  matur i  t y  of  conglomerates w i t h  paraconglomerates dominating 

over  quar tz-pebble conqlomerates i n  t he  southwest, 2) a decrease i n  the  

number o f  g r a n i t e  c l a s t s  and K- fe ldspar  content  and an increase i n  the  

number o f  maf ic  c l a s t s  and p lag ioc lase  content  3 )  a s l i g h t  increase 

i n  the  amount o f  b i o t i t e  and c h l o r i t e  i n  the  mat r ixes  o f  conglomerates 

and o v e r l y i n g  q u a r t z i t e s  (except f o r  U n i t  1 a t  Onemi l e  Creek), and 4) 

a dccrease i n  r a d i o a c t i v i t v .  This  systematic chanqi? i n  charactp.r i s  

i n  agreement w i t h  our  view o f  the depos i t i ona l  environment f o r  the  Magnolia 



Formation. We e n v i s i o n  the  presence o f  t h r e e  o r  f o u r  separate b u t  

coa lesc ing  fans w i t h  d i f f e r e n t  source areas,  as i n d i c a t e d  by d i f f e r e n c e s  

i n  c l a s t  and q u a r t z i t e  composi t ion.  We a t t r i b u t e  t h e  h i g h e r  r a d i o a c t i -  

v i t y  o f  t h e  Onemile Creek area t o  a  more g r a n i t e - r i c h  source area and t o  

a  g r e a t e r  accumulat ion o f  t h e  more mature q.uartz-pebble conglomerates. 
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l NTRODUCT l ON 

Par t  3 i s  a d e t a i l e d  d iscussion o f  Precambrian rocks i n  the  nor thern  

S i e r r a  Madre which emphasizes the  geo log ic  h i s t o r y  and uranium p o t e n t i a l  

of Late Archean and Ear ly  Pro terozo ic  metasedimentary rocks n o r t h  o f  the  

Cheyenne B e l t .  The d iscussion o f  s t r a t i g r a p h y  and sedimentary fea tures ,  

presented f i r s t ,  i s  a m o d i f i c a t i o n  o f  s t r a t i g r a p h i c  i n t e r p r e t a t i o n s  o f  

G r a f f  (1978, 1979), and incorporates more recent  mapping, sedimentolog i - 

ca l  s tud ies ,  and subsurface in fo rmat ion .  The bas is '  f o r  our  proposed s t r a t i -  

graphic subd iv i s ions  . i s  a new s t r u c t u r a l  i n t e r p r e t a t i d n  (p la tes  5 and 6) 

which invo lves  a major re fo lded  sync l inor ium i n  the  Archean Phantom Lake 

Metamorphic S u i t e  unconformably o v e r l a i n  by a genera l l y  south-d ipping Ear ly  

P ro te rozo i c  sec t i on  conta in ing  the  Deep Lake and L i b b y  Creek Groups which 

i s  g r e a t l y  at tenuated ( r e l a t i v e  t o  c o r r e l a t i v e  s t r a t a  i n ,  the Medicine Bow 

~ o u n t a  ins)  due t o  movement a long t h r u s t  f a u l t s .  

As i n  the Medicine Bow Mountains, we i n t e r p r e t  the Pro terozo ic  depo- 

s i t i o n a l  and t e c t o n i c  h i s t o r y  o f  the  metasedimentary rocks i n  terms o f  

r i f t i n g ,  p l a t e  margin sedimentat ion, and c o l l i s i o n a l  orogenesis. These 

i n t e r p r e t a t i o n s  lean heav i l y  on data f rom the  Medicine Bow Mountains. 

Archean geologic  h i s t o r y ,  as recorded i n  metasedimentary and metavolcanic 

rocks o f  the Phantom Lake Metamorphic, S u i t e  remains enigmat ic  desp i te  de- 

t a i l e d  mapping by many workers and excel l e n t  exposures over  l a rge  areas o f  

the c e n t r a l  S i e r r a  Madre. . S t r u c t u r a l  complex.tt ies i n  these rocks w i l l  

need t o  be unraveled more f u l  l y  be fore  de ta i  1 ed s t r a t i g r a p h i c  s tud ies  o f  

the Archean metasedirnentary rocks are  Bossib le.  



S t r a t i g r a p h i c  and s t r u c t u r a l  s tud ies  o f  the  e n t i r e  meta'sedimentary 

succession were necessary t o  he lp  understand .the nature  of. rad ioac t i ve  

quartz-pebble conglomerates i n  the  S i e r r a  Madre. The main rad ioac t i ve  

rocks, t h e  Deep Gulch Conglomerate, crop o u t  near the  base o f  the  A r -  

chean Phantom Lake .Su i t e  i n  the northwestern s i a r  ra Madre, These rocks 

occupy p a r t  o f  a l a r g e  overturned l imb of the  major syncl inor ium i n  the  

northwest S i e r r a  Madre and, as ide  from the f a c t  t h a t  they a re  overturned, 

can be d e a l t  w i t h  as s t r u c t u r a l l y  %imple, d ipp ing s t r a t a .  Attempts were 

made t o  study i n  d e t a i l  t he  r e l a t i o n s h i p  o f  uranium and thorium m i n e r a l l -  

t a t  i on  t o  sedimentary fea tures  such as 1 i thofac ies ,  cj ra i l1  s ize,  th ickness 

of conglomerate hor izons,  and sedimentary s t ruc tu res .  Results o f  these 

s tud ies  f rom the  Deep Gulch Conglomerate demonstrate a f l u v i a l ,  f o s s i l -  

p lacer  o r i g i n  f o r  t he  m ine ra l i za t i on .  Geochemical and minera log ica l  

s tud ies  o f  the Deep Gulch Conglomerate i n d i c a t e  a predominance o f  thorium 

over uranium ( w i t h  values ranging up t o  720 ppm u and 2600 ppm Th) and 

the presence o f  monazite and hu t ton i  t e ( ? )  as the  pr imary rad ioac t i ve  

phases. 

The Pro terozo ic  Magnolia Formation, which conta ins h igh l y  rad io-  

a c t i v e  rocks i n  the  Medicine Bow Mountains, was d r i l l e d  i n  several lo- 

ca t ions  i n  the  S i e r r a  Madre. No s i g n i f i c a n t  m i n e r a l i z a t i o n  was found. 

GEOLOGIC SETTING OF METASEDIMENTARY ROCKS IN THE SIERRA MADRE 

Thc 'Slcrra Medre i s  a Precambrian-cored a r l l i c l i ~ ~ a l  u p l i T t  o f  Laraa 

mide age.about ten  k i l omete rs  southwest o f  the  Medicine Bow Mountains 

which forms 'the n o r t h e r l y  extension o f  the  Park Range i n  nor thern  Colo-. 

rado ( ~ i ~ u r e  .3.1).  Precambrian. rocks i n  the  core o f  t he  range have been 



subdivided by Houston and o the rs  (1975) i n t o  th ree  pr inc i .pa1 terranes 

shown i n  F igure  3.1: 1) a nor thern  te r rane  con ta in ing  Archean gneisses 

and g ran i tes ;  2) a c e n t r a l  te r rane c o n s i s t i n g  o f  the La te  Archean Phan- 

tom Lake Metamorphic S i t e  and the Ear l y  Pro terozo ic  Deep Lake and Libby . 

Creek Groups;. and 3) a southern ' ter rane composed o f  l a t e  Ear ly  Pro tero-  

z o i c  '(1800-1700 m.y.) volcanogenic gneisses, syn-orogenic g r a n i t e s  and 

layered gabbroi 'c complexes. The c e n t r a l  and southern terranes a re  sep- 

a ra ted  by a shear zone which i s  be l ieved t o  be the  western ex tens ion  o f  

the  Mul len Creek-Nash Fork shear zone i n  the Medicine Bow Mountains and 

p a r t  of the  Cheyenne B e l t ,  a major P ro te rozo i c  c r u s t a l  boundary i n  south- 

e r n  Wyoming (HOW ton and o thers ,  1979) . The boundary between. the  no r th -  

e rn  and c e n t r a l  te r ranes i s  v a r i a b l y  marked by an unconformity o r  i n t r u -  

s i v e  contac t .  

Ea r l y  s tud ies  o f  the  Precambrian rocks o f  the S i e r r a  Madre were done 

by Hague (.1877), Knight  (1 909) , and Spencer (1904) . ~l ackwtjelder (1935) 

attempted t o  c o r r e l a t e  the  metasedimentary rocks o f  the S i e r r a  Madre 

w i t h  h i s  measured sec t ions  i n  the Medicine Bow Mountains. More recen t l y ,  

d e t a i l e d  s tud ies  o f  small areas i n  the  S i e r r a  Madre were undertaken by 

Short (,1958), Wied (1961), Merry (196'31, F e r r i s  (19641, Lackey (19651, 

DeNault (1967), Huang (19701, M i l l e r  (19711, Ridgely (19711, Schuster 

(1972), and Hughes (1973). Ebbett (1970) produced a p r e l i m i n a r y  o u t -  

crop map,of the c e n t r a l  p a r t  o f  the range which was expanded i n t o  a 

more de ta i  l ed  map by Houston and o the rs  (1975). G r a f f  (1978) completed 

outcrop mapping o f  the c e n t r a l  S i e r r a  Madre and h i s  maps form t l ~ e  bdsi  s f o r  

new i n t e r p r e t a t i o n s  o f  S i e r r a  Madre s t r a t i g r a p h y  and s t r u c t u r e  shown i n  

P l a t e  5. Gwinner (1979) extended G r a f f ' s  ou tc rop  maps i n t o  the nor thern-  

most p a r t  o f  the  S i e r r a  Madre. Reg io~ ld l  syntheses f o r  t he  S i e r r a  Madre 

have been attempted by D i v i s  (1976; 1977) and Houston and Ebbett  (1977). 
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Recent s t u d i e s  on t he  economic geology o f  t h e  S i e r r a  Madre were done 

by Houston and o t h e r s  (1975, 1977, 1979) and G r a f f  (1978, 1979). Geo- 

chronolog i c  data a r e  .p.resknted. by D i v  i s ( j  976, ,1977) and H i  11 s  and 

Houston (1979). 

STRAT l GRAPHY AND SED l MENTARY FEATURES OF METASED l MENTARY ROCKS I N THE 

SIERRA MADRE 

ARCHEAN "BASEMENT" ROCKS 

The o l d e s t  rocks o f  t h e  S i e r r a  Madre a r e  a complex o f  gneisses,  

metasedimentary rocks ,  and metavolcanic . . rocks.  The ' con tac t  r e l a t i o n -  

s l ~ i p s  between those va r i ous  rock  types are p o o r l y  understood b u t  t h e  

"basement" t e r r a n e  p robab ly  inc ludes  . sup rac rus ta l  s t r a t a  and i n t r u s i v e  

rocks o f  severa1,ages. These s t r a t a  a r e  grouped i n t o  t h r e e  map u n i t s  

i n  P l a t e  5: b i o t i t e - p l a g i o c l a s e  gne iss ,  Archean metasedimentary and 

metavo lcan ic  rocks  ( u n d i f f e r e n t i a t e d ) ,  and c o n t i n e n t a l  D i v i d e  Metavol -  
.... . 

" c a n i =  Rocks. A1 1 t h r e e  a r e  i n t r uded  by La te  Archean (2700-2500 m.y .) 

g r a n i t i c  rocks  and a r e  t h e r e f o r e  o l d e r  than 2700 m.y. 

B i o t i t e - p l a g i o c l a s e  Gneiss 

V o l u m e t r i c a l l y ,  t h e  most impor tan t  o f  t he  o l d e s t  rocks  a r e  t h e  

b i o t i t e - p l a g i o c l a s e  gneisses. T h i s  u n i t  c rops o u t  a l ong  t he  n o r t h e r n  

f l a n k  o f  t he  range. I t  i s  a  h y b r i d  u n i t  c o n s i s t i n g  o f  f o l i a t e d ,  gray,  

b i o t i t e  gneiss;  p i nk ,  q u a r t z o - f e l d s p a t h i c  gneiss;  t h i n  q u a r t z i t e  pods; 

and amph ibo l i tes .  The p ink ,  q u a r t z o - f e l d s p a t h i c  gneisses commonly 

show i n t r u s i v e  c h a r a c t e r i s t i c s  and w i l l  be d iscussed under Archesn 

g r a n i t i c  rocks.  The q u a r t z i t e s  and amph ibo l i t es  w i l l  be d iscussed 

i n  t h e  n e x t  sec t i on .  The remainder o f  t h i s  s e c t i o n  w i l l  d i scuss  t h e  

dominant u n i t ,  t h e  gray,  b i o t i t e - p l a g i o c l a s e  gneiss.  



The we1 1 - f o l  ia ted ,  gray, gneisses cons is t  o f  sodic p lag ioc lase  

(An 15-38 ) , quar tz ,  b i o t i t e ,  and muscovite. Minor amounts o f  K-feldspar, 

c h l o r i t e ,  ep idote ,  and hornblende a re  present  as w e l l  as t race  amounts 

o f  a p a t i t e ,  sphene, z i r con ,  r u t i l e ,  and opaques (Table 3:l; no fe  t h a t  

Hughes (1973) data  a re  somewhat anomalous and-may be due t o  m i s i d e n t i f i -  

c a t i o n  o f  untwinned p lag ioc lase  as o r thoc lase ) .  Many o f  the p lag ioc lase 

g r a i n s  have been p a r t i a l l y  a l t e r e d  t o ' s e r i c i t e  and epidote.  .More d e t a i l e d  

pe t ro logy  ca.n be found i n  F e r r i s  (1964) and Mi.1 l e r  (1971). The gray 

gnei sses a r e  primaSi ly tona l  i tes  and. trondhjemi tes  ( . ~ i ~ u r e  3.2 and D i v i s ,  

1976). 'They a re  too  r i c h  i n  a l k a l i e s  t o  i n d i c a t e  a t rend on an AFM d ia-  

gram (Figure 3.3) b u t  a r e  chemical l y  very s imi  l a r  t o '  o the r  Archean gray 

gneisses t h a t  a re  p a r t  o f  a c a l c - a l k a l i n e  s u i t e  (Tarney, 1976). 

The o r i g i n  o f  t he  gray gneiss i s  obscure*. A sedimentary o r i g i n  i s  

suggested by the  lenses and pods o f  q u a r t z i t e  w i t h i n  the gneiss, , the 

i n te r leaved  quartzo- fe, ldspath ic  and b i o t i  t e - r i c h  l a y e r s  i n  d r i  11  ho le  

SM-2D, and t h e  apparent ly  g radat iona l  contact  between some. o f  the meta- 

sedimentary layers  and the  gnel ss (Hughes, 1973). D i v i  s (1976) suggested 

t h a t  the .gne isses had a d a c i t i c . v o l c a n i c  and v o l c a n i c l a s t i c  o r i g i n .  

Windley (1977) summarized the p r i n c i p a l  arguments concerning the o r i g l n  

of .Archean gray gneisses. . I t i s  apparent t h a t  more research i s  requi red. 

The augen gneisses o f  Table 3.1 and Figure 3.2 probably represent a con- 

t a c f . m e t a ~ r p h i c  phase o f  the gray bi .0t. i t .e-plaginclase gneiss ( ~ i v i s ,  

Archean Metased imentary and Metavol cani,c Rocks ( ~ n d  i f f e r e n t  ia ted)  

Th is  map uni  t cons is t s  o f  q u a r t z i t e s ,  metagraywackes, marbles, am- 

p h i b o l i t e s ,  metatuf fs ,  c h l o r i t e - a c t i n o l i t e  sch is t s ,  and paragneiss. 

,Outcrops range from a few square kilome-ters t o  t h i n  lenses and 



TA3LE 3.1. PETROGRAPHY OF ARCHEAN BIOTITE GNEISSES AND AUGEN GNE SSES FROM THE SIERRA MADRE. DATA FROM 
DlVlS (1976) = "; FERRIS (19641, MILLER (1971). HUGHES (1973). AND POINT COUNTS. 

EIOTITE GNEISS Secondary An. 
(after plagioclase) content 

Sample nc. Qtz. Plag. K-Spar Musc. Chl. Biot. Epid. Hnbl. Seri. Epid. Ap. Sph. Opaq. Zir. Rt. of Plag. 

SM2D-425 34.0 45.3 
SM2D468 25.8 17.1 
SM2D-506.4 26.8 31.1 
SM35 37.0 53.3 
SV36 25.3 60.8 
SR1.47 38.6 25.9 
SN148 24.7 50.6 
SM55 25.0 39.1 
SMlOO 55.3 27.0 
BG101' 26.4 58.0 
BG150' ,25.9 63.2 
BG157' 24.2 58.7 
MEAN (12) 30.8 44.2 
Ferris; 
Mean (101 '34 41 
Miller; 
Mean (4) 35.5 22.1 2.0 Tr Tr 20.2 10.0 7.5 - - Tr Tr Tr Tr Tr An28-31 
Hughes; 
Mean (4) 29 17 39 Tr - 10 - - - - Tr - Tr Tr - - 

AUGEN GNEISS 
QF-110' 33.7 46.5 15.6 1.7 2.5 - - Tr - - - - - - - An12 
QF-111' 30.9 49.5 19.6 Tr - - - Tr - - - - - - - An8 
0'-152" 27.8 42.3 12.3 7.6 8.4 Tr 1.6 - - - - - - - - An12 
MEAN (3) 30.8 46.1 15.8 3.1 3.6 Tr 0.5 Tr - - - - - - - . - 
Hughes 21 15 50 3 12 Tr - Tr Tr Tr Tr - - - - - 



Biotite gneiss 
n=12 

A 50 P 
Augen gneiss 

n= 3 

- sample (this study and Divis, 1976) 
o - mean of samples 
0 - mean from Ferr is ( l964)  
A -mean from Miller(1971) 

@ - mean of felsic di kes(Miller ,1971) 

wc -mean from Hughes(1973) 
- mean of aplite dikes (Hughes,1973) 

Granitic rocks 
n= 15 

Figure 3.2. Quartz (Q), alkali feldspar (A), and plagioclase (P) 
ternary diagrams for gneisses and granitic rocks (after 
Streckeisen, 1973). 



pods a  few meters across.  Grada t iona l  c o n t a c t s  a r e  common where more 

than one . l i t h i c  t ype  i s  p resen t  i n  any one area.  Pr'imary s t r u c t u r e s  

a r e  r a r e l y  preserved. . 

Granitic rocks(this 
study and Divis, 1976) 

n= 15 

A 50 M 
Gneisses (from Divis, 1976) 

n = 5 

Figure 3.3. AFM ternary diagrams for Archean gneisses and 
granitic rocks from the Sierra Madre . 

Pe t rog raph i c  da ta  from a  few samples i s  shown i n  Tab le  3.2. The 

q u a r t z i t e s  a r e  a r k o s i c ,  u s u a l l y  medium-grained w i t h  p l a g l o c l a ~ t !  L l ~ e  

dominant f e l d s p a r  ( F i g u r e  3.4) .  One sample con ta ins  s i g n i f i c a n t  amounts 

o f  m a f i c  m ine ra l s  and i s  i n t e r p r e t e d  t o  be o f  tu f faceous  o r  v o l c a n i c l a s -  

t i c  o r i g i n .  The two ma f i c  ( u l t r a m a f i c ? )  samples have an unknown o r i g i n  

as no p r ima ry  s t r u c t u r e s  a r e  p resen t .  Marbles a r e  p resen t  i n  paragneiss 

and q u a r t z i t e s  ad jacen t  t o  t he  Con t i nen ta l  D i v i d e  Metavo lcan ic  Rocks. 

Paraconglomerates a r e  p resen t  a t  Deep Gulch. Metagraywacke and para-  

gne iss  a r e  p r e v a l e n t  a t  t he  n o r t h e r n  end o f  t h e  Sharp H i l l  Quadrangle.  



TABLE 3.2. PETROGRAPHY OF ARCHEAN METASEDIMENTARY ROCKS UNDIVIDED; MODES FROM VISUAL 
ESTIMATES. 

Sample no. Qtz. Plag. K-Spar. Musc. Chlor. Biot. Epid. 0paq.Sph. Act. Hnbl. Talc Rock name 
SM13-263 5 - - - - - 10 Tr - - 85 - Amphibolite 
SM34 65 25 10 - - - - -  - - - Quartzite 
SM52 55 40 - 5 - - - - -  - - - Quertzite 
SM49 70 1 0  10 10 - - - - - - - - Quartzite 
SM39 45 35 - 8 - 5 5 - -  2 - -  Metatuff 
SM97 - - - - - 7 - 50 1 .  30 - 19 Schist 

Most o f  these rocks have an undoubted sedimentary o r i g i n  h ~ ~ t  t h e i r  

r e l a t i o n s h i p  w i t h  surrounding s t r a t a  i s  unclear .  Loca l l y ,  these rocks 

have very  g rada t i ona l  con tac ts  w i t h  the  gray, b i o t i t e  gneisses and the  

Cont inenta l  D i v ide  Metavolcanic rocks. I n  a t  l e a s t  one l o c a l i t y  ( ~ e e p  

~ u l c h )  an i n t r u s i v e  con tac t  i s  apparent w i t h  the  gray gneiss. I n  areas 

where pr imary  s t r u c t u r e s  a r e  preserved (as i n  t he  nor theast  corner o f  the 

D i v i d e  Peak Quadrangle) these q u a r t z i t e s  may be i n f o l d e d  remnants o f  the 

Jack Creek Q u a r t z i t e  o f  t he  Phantom Lake Metamorphic Su i te .  I t  i s  prob- 

a b l e  t h a t  more than one age o f  depos i t i on  i s  represented by rocks o f  t h i s  

map u n i t .  

Cont inenta l  D i v ide  Metavolcani c Rocks 

The Cont inenta l  D i v i d e  Metavolcanic Rocks (a new name) cons is ts  

p r i m a r i l y  o f  f i ne -g ra ined  amphibo l i te ,  metabasalt ,  and hornblende gneiss 

b u t  a l s o  inc ludes q u a r t z i t e ,  sch i s t ,  and marble. These rocks a re  best  

exposed i n  the headwaters o f  South Spr ing Creek, North Spring Creek, and 

Jack Creek. Hornblende gneiss adjacent  t o  Savery Creek i s  a l s o  i n t e r -  

p re ted  t o  be p a r t  o f  t h i s  u n i t .  These rocks l i e  s t r a t i g r a p h i c a l l y  be- 

tween the  Phantom Lake Metamorphic S u i t e  and Archean Metasedimentary and 

metavolcanic rocks ( p l a t e  5 ) .  



Quartz -rich rocks of Continental Archean metasedimentary rocks 
Divide Metavolcanic Rocks undivided n = 4 

n =.4 

Figure 3.4. Quartz (Q), feldspar (F), and mica + chlorite ( M )  ternary 
diagrams for miscellaneous Arc hean metasedimentary rocks ' 

(of ter Folk, 1968) 

Pe t rog raph i c  da ta  o f  severa l  l i t h i c  types i s  g i v e n  i n  Table  3 . 3 .  

The metabasa l t s  c o n s i s t  p r i m a r i l y  o f  hornb lende w i t h  qua r t z ,  q u a r t z -  

p l a g i o c l a s e ,  and ep ido te .  Two v o l c a n i c l a s t i c  samples c o n t a i n  app rox i -  

mate ly  equal amounts o f  q u a r t z  and hornblende sugges t ing  d e r i v a t i o n  

f rom bo th  s i l i c i c  and ma f i c  rocks.  Metasediments i n c l u d e  a b i o t i t e  

s c h i s t  and suba rg i l l a ceous  q u a r t z i t e  (F i gu re  3 . 4 ) .  Fe ldspar  i s  scarce 

i n  most rocks o f  t h i s  u n i t .  The minera logy  o f  t h e  samples r e f l e c t  

ep i do te -amph ibo l i t e  t o  a m p h i b o l i t e  f a c i e s  o f  metamorphism ( ~ i y a s h i r o ,  

1973). 



TABLE 3.3. PETROGRAPHY OF THE CONTINENTAL DIVIDE METAVOLCANIC ROCKS; 
MODES FROM VISUAL ESTIMATES. 

Samp.no. Qtz. Plag. Chlor. Biot. Musc. Epid. Gnt. Opaq. Carb. Hnbl. Sph. 

METABASA LTS 
TS-241 15 1 - 3 - 5 - -  - 75 1 
TS-245 17 5 Tr - - 10 - 1 2 65 - 
TS-183 5 10 Tr - - - - - - 85 - 

VOLCANICLASTIC ROCKS 
SM0443.4 40 2 1 20 - - 1 -  2 34 - 
TS.184 44  5 5 3 - - 1 2  - 40 - 
MEAN (2) 42 3.5 3 11.5 - - 1 1  1 47 - 

METAPPLITPS AND QUARTZITES 
SM6458 89 1 - 2 4 - - 1 3 - - 
SM6-530 15 10 5 63 - - - 2 5 - - 
MEAN (2) 52 6 2 32 2 - - 2 4 - - 

Sedimentary s t r u c t u r e s  have not been observed i n  t h i s  u n i t .  P i l l o w  

b a s a l t s  have been observed i n  t w o  l o c a l i t i e s  and along w i t h  interbedded 

t h i n  marbles, imply a mar i -ne .o r ig in  f ~ r  a t  l e a s t  p a r t  of the u n i t .  T h e .  

p i l l o w s  coupled w i t h  s t r u c t u r a l  data suggest . . t h a t  the metabasa l t  i s  younger 

than some o f  the Archean metasediments- and paragneiss i n  which i t  i s  i n  

contact. The Cont inenta l  D iv ide  Metavolcanic Rocks a r e  about 360 meters 

th ick  but  s t r u c t u r a l  complex i t ies  make t h i s  f i g u r e  quest ionable. 

PHANTOM LAKE METAMORPHIC SUITE 

The Phantom Lake Metamorphic S u i t e  was named by K a r l s t r o m  and Houston 

(1979a, 1979b) and extended t o  the S i e r r a  Madre by G r a f f  (1979). I n  t h i s  

paper we propose major  r e v i s i o n s  i n  the s t r a t i g r a p h y  o f  t h i s  u n i t  i n  both 

the S i e r r a  Madre and the  Medicine Bow Mountains. Several ambigui t ies 

remain i n  s t r a t i g r a p h y  and s t ruc tu re ,  and for t h i s  reason we r e t a i n  the 



term metamorphic s u i t e .  As shown i n  F igure  3 . 5 ,  the  Phantom Lake Meta- 

morphic S u i t e  i n  the  S i e r r a  Madre i s  subdiv ided i n t o  the  Jack Creek 

Q u a r t z i t e ,  S i l v e r  Lake Metavolcanic Rocks, and Br idger  Peak Q u a r t z i t e ,  

each o f  which i s  described below. 

Jack Creek Q u a r t z i  t e  

The Jack Creek Q u a r t z i t e  i s  modi f ied from the  Jack Creek Formation 

o f  G r a f f  (1978). I t  i s  here in  def ined t o  inc lude a l l  o f  the  metasedi- 

mentary rocks a t  t he  base o f  the  Phantom Lake Metamorphic S u i t e  (be- 

neath the S i l v e r  Lake Metavolcanic ~ o c k s ) .  I t  cons i s t s~p redominan t l y  

o f  q u a r t z i t e  but conta ins  lenses of p h y l l i t e ,  marble, paraconglomerate, 

quartz-pebble conglomerate, and metagraywacke. The Deep Gulch Conglom- 

e ra te  i s  a  p y r i t i c  and rad ioac t i ve ,  quar tz-pebble conglomerate f a c i e s  a t  

the base o f  the Jack Creek Quar t z i t e .  I t  i s  exposed on the  west and 

n o r t h  edges o f  the  D iv ide  Peak Syncl inor ium, and i s  discussed i n  d e t a i l  

l a t e r .  Exce l l en t  exposures o f  the Jack Creek Q u a r t z i t e  can be found i n  

Jack Creek Canyon and the  c i r q u e  above Nor th  Spr ing  Creek Lake ( sec t i ons  

5, 8, and 9, T. 14 N. ,  R. 86 w ) .  F igure  3.6 i s  a  measured sec t ion  from 

the Car r i co  Ranch area ( ~ e c .  7, T. 15 N., R .  87 w).' Because o f  f a u l t i n g ,  

t h i s  i s  probably no t  a  complete sec t ion .  D r i l l  ho les JPI ,  2, 3, and 4, 

S M - I ,  l A ,  2, 2D, and 3 i n te rsec ted  the Deep Gulch Conglomerate o f  the  

Jack Creek Quarz i te .  D r i l l  ho le  SM-6 i n te rsec ted  a  non-conglomeratic 

basal sec t i on  o f  the q u a r t z i t e .  D r i  1 1  holes SM-4A and 48 i n te rsec ted  

(we be1 ieve) the  upper contac t  o f  the  u n i t .  The Jack Creek. Q ~ . ~ a r t z i  t e  

i s  about.700 meters t h i c k  i n  the D iv ide  Peak Syncl inor ium and i s  about 

300 meters t h i c k  near South Spring Creek Lake. 



SHEAR ZONE 

SLAUGHTERHOUSE FORMATION: 
2 1160 m includes metadolomite, metalimestone, 

metachert, and quartzite. 

COPPERTON .FORMATION: sheared ' 
kyanitic quartzite ond hemotitic phylute. 

-. 
VAGNER FORMATION: phyllite, paracon- 400 
g lom~~~!~ , ,~uar tz i te .  and m m  

560 m- CPSCAnE QIJRTZITE; quartzite. 
1500 m 

SINGER PEAK FORMATION: phyllite, 
0 -830m quartzite, paraconglomerate, quartz- 

pebble conglomerate. 

MAGNOLIA FORMATION: quartzite, quartz- 
pebble conglomerate, and phyllite. 

BRIDGER PEAK QUARTZITE: includes 
"Om minor metavolcanic rocks near the base. 

/SILVER LAKE METAVOLCANIC ROCKS: 
3 0 0  includes paraconglomerate. 

JACK CREEK QUARTZITE: includes 
300 m- Deep Gulch Conglomerate, as well as some 
'On morhle, phyllita , nnd p n r n r ~ n g 1 ~ r n ~ r n + ~ .  

/CONTINE= DIVIDE METAVOLCkNlC 
360 ? ROCKS: includes. marble and quartzite. 

Archean metasedimentary and meta- 
? volcanlc rocks (undifferentiated) and 

biotite -plagioclase gneiss. 

KEY 

metbcarbooate . - phyllite - - 
metavslcunic stiear zone 
rocks 

quartz-pebble -- para- 
quartzite 

conglomerate 

- conformable contact - erosional unconforhity U thrust fault 

Figure 3.5. Stratigraphic column for Precambrian rocks. in the Sierra Madre, Wyoming. 



Silver Lake Metavolcanic Rocks; 
includes metagraywacke. ' 

Micaceous quartzite, arkosic quartzite, 
213- 384 rn and paraconglomerate. 

0-46 m Metacarbonate and phyllite. -- 

183 m Micaceous quartzite with phyllite lenses. 

152 m Arkosic quartzite with phyllite lenses. 

Deep Gulch Conglomerate; quartz-pebble 
56-192rn conglomerate and arkosic quqrtzite. 

quartzite 

conglomerate 

paraconglomerate 

phyllite 

metocarbonate 

Biotite -plagioclase gneiss. 

..-.. .. - .. -3 ..-.. metogroywacke 

gneiss 

1 metabasolt 

- planar erossbedding 

Figure 3.6. Stratigraphic section for the Jack Creek Quartzite 
in the Carrico Roneh area, northwestern Sierra Madre. 



Petrographic data  a r e  shown i n  Table 3.4. The q u a r t z i t e s  a re  gen- 

e r a l  l y  a rkos ic ,  a r g i  1 laceous, o,r sub-argi 1 laceous ( ~ i ~ u r e  3.7) .; Plag io-  

c lase  i s  the  dominant fe ldspar w i t h  very l i t t l e  K- fe ldspar .  Muscovite and 

b i o t i t e  are u s u a l l y  present w i t h  genera l l y  minor amounts o f  c h l o r i t e ,  ep i -  

dote, carbonate, and garnet.  Metape l i tes  cons is t  p r i m a r i l y  o f  muscovite, 

c h l o r i t e ,  o r  b i o t i t e  w i t h  quartz  and garnet. Plagioc lase,  epidote, 

s t a u r o l  i te, and kyan i t e  may, be -present  l o c a l  l y   ab able 3.4) . , Metacarbon- 

ates a r e  cominonly very  s i  1 iceous. This s i  1 iceous mater ia l  i s  probably 

d e t r i  t a i  and i s  a r k o s i c  ( ~ i g u r e  3 ; 7 ) .  The carbonates are unusual 1 1 1  

t h a t  K- fe ldspar i s  abundant. Jack Creek rocks art: yer~er c~l  l y  uf ~ lse  

epidote-amphi bo l  i t e  f a c i e s  of metamorph'i sm i n  the  D iv ide  Park Sync1 ino r -  

ium and amphibol i t e  f a c i e s  i n  the Singer Peak and Br idger  Peak quadrangles 

( ~ i y a s h i r o ,  1973). 

Sedimentary s t r u c t u r e s  are w e l l  preserved over much o f  the  o,utcrop 

area of the Jack Creek Quar tz i t e .  Trough crossbedding i s  prominent i n  

the Deep Gulch Conglomerate w i t h  tabu la r  p lanar  crossbedding dominant 

elsewhere. Plane beds a r e  common and wedge-shaped and herringbone cross- 

s t r a t i f i c a t i o n  have been observed. Paleocurrent  d i r e c t i o n s  were measured 

and attempts were made t o  r e s t o r e  bedding t o  p r e - f o l d i  ng a t t i t u d e s  ( f o l  low- 

ing  Ramsey, 1961). However, the  complex nature  o f  the f o l d i n g  leaves doubt 

as t o  the  v e r a c i t y  o f  t h e  absolute d i r e c t i o n s ;  i t  i s  probable t h a t  ro ta -  

t i n n . a b n u t  a p lung ing concent r ic  f o l d  a x i s  i s  too s i m p l i s t i c  i n  these 

rocks. F i e l d  r e l a t i o n s  i nd i ca te  t h a t  r e l a t i v e  paleocurrent  d i r e c t i o n s  

w i t h i n  a  c lose  c l u s t e r  o f  outcrops are  c o r r e c t .  A dominant nor th-  

nor theast  pa leocur rent  t rend i s  suggested f o r  the  sediments o f  the Jack 

Creek Q u a r t z i t e  above the  Deep Gulch Conglomerate (F igure 3.8). Th is  



TABLE 3.4. PETROGRAPHY OF THE JACK CREEK QUARTZITE OF THE SIERRA MADRE; WITHOUT THE DEEP 
GULCH CONGLOMERATE; MODES FROM VISUAL ESTIMATES. 

Sampleno. Otz. Plag. K-spar. Musc. Chlor. Biot. Epid..  Carb. Opaq. Trem. Other 

QUARTZITES 
5 - - 
- - - 
1 5 - 
- - - 
- - - 
-. 15 10 
- 2 - 
- 5 - 
- 2 - 

T r 1 - 
3 3 - 
- 2 2 
1 1 - 
2 5 
- 2 - 
5 2 - 
- 1 - 
- 1 - 
2 10 - 
- 15 - 
- 3 - 

- - - 
- - - 
- - - 
- - - 
- Tr - 

Tr - - 
- - - 
10 - - 
- - - 
- - - 
- - - 

TI - 
Tr - - 
T r - - 
- 4 - 

Tr Tr - 
- - - 
2 - - 

10 1 - 1% Tour. 
1- r - - Ap,Zii. 
- 1 - Tr. Zir. 

MEAN (21) 67 12 2 12 1 4 1 1 Tr - 

CALCAREOUS ROCKS 

MEAN (6) 18 10 7 3 Tr 5 8 46 Tr 6 

METAPELITES 

SM-43 10 - - 83 5 - - - 2 - 

SM89 40 5 - 25 10 5 - - - - 15% Garnet 

SM-70 27 - - 60 2 - - - 1 - 5% Gnt., 5% Staur. 

SM6-178.7 . 5 Tr - - 15 44 5 - - - 30% Gnt., 1% Kyan. 

MEAN (4) 20 1 - 21 28 14 1 - 1 - 



Jack Creek quartzites 
I7021 

F 50 M 
Jack Creek metapelitic rocks 

n=d+ . 

F 50 M 
Siliceous fraction Jack Creek car- 
bonates ,,5 

0 -.no feldspar 
- plaqioclase < 1/3. total feldspar 

+ -plagioclase >1/3,< 2 / 3  total feldspar 

x - plagioclase > 2 / 3  total feldspar 

8 -mean 

Figure 3.7. Quartz (Q), feldspar (F), and mica+ chlorite(M) 
ternary diagrams for the Jack Creek and Bridqer Peak Quartzites 
(after ~ o l k  ,1968) 



L o  
SCALE 

Jack Creek Mine area and t'he cirque 
above North Spring Creek Lake. 
n = 2 2  

Carrico Ranch area. . 

n= 129 

Total plus 4 from Dexter Peak. 
n=155 

Figure 3.8. Paleocurrent rose diagrams for the Jack 
Creek Quartzite, excluding Deep Gulch Conglomerate,, 

northeast d i r e c t i o n  i s  s i m i l a r  t o  t h a t  o f  c o r r e l a t i v e  sediments o f  the 

Bow River  Q u a r t z i t e  i n  the Medicine Bow Mountains (discussed e a r l i e r ) .  

I n  the Carr lco  Ranch area ,  the Jack Creek Quar . tz i te  consists o f  

the 100 m t h i c k  Deep Gulch Conglomerate o v e r l a i n  by approximately 500 



meters o f  r e l a t i v e l y  clean, f i n e -  t o  medium-grained, s e r i c i t i c  q u a r t z i t e s  

( ~ i g u r e  3.6). Beds o f  p h y l l i t e  and. metacarbonate a r e  l o c a l l y  present .  

The metacarbonate i s  commonly coarse-grai  ned, conta ins ablndant c l  a s t  i c 

d e t r i t u s  ( i n c l u d i n g ' a  cher t -pebble conglomerate) and appears crossbedded 

i n  p laces,  a1 1 suggest ing depos i t i on  i n  shal low water. One s t r u c t u r e  

resembl i n g  o rgan ic  bioherms was noted. Petrographic data i s  l a c k i n g  f o r  

t he  q u a r t z i t e s  o f  t h i s  s e c t i o n  hu t  f i e l d  evidence suggests t h a t  these 

sedi,ments a r e  much more mature than the  f l u v i a l  sedi'ments o f  the  basal 

Deep Guich Conglomerate. The i~ lLerbedJeJ p h y l l i t c s  end mctacar.bonate6 

and the  broad ly  d ispersed pa leocur ren t  d i s t r i b u t i o n  suggest marine depo- 

s i t i o n  f o r  these rocks. 

On-s.tr ike w i t h  t h e  metacarbonate and o n l y  a few hundred meters t o  

the  southwest, t he  Jack Creek Q u a r t z i  tes  c o n s i s t  o f  interbedded coarse- 

g ra ined a r k o s i c  q u a r t z i t e  and paraconglomerate. Here, pa leocur ren ts  

suggest a wes te r l y  source. The r a p i d  fac ies  change from coarse-grained, 

p o o r l y  so r ted  paraconglomerates, poss ib l y  deb r i s  f lows ( ~ u l  1 , 1972), t o  

mar i ne carbonates suggests depos I r i on  I n  a fan-del ta  s e t t i n g  (Wescott 

and Ethr idge;  1980). 

The Jack Creek Q u a r t z i t e  i n  the c i rques  above Nor th  Spr ing Creek 

Lake and the  upper end o f  Jack Creek Canyori does not  contai l1 a f l u v i a l  

conglomerate f a c i e s  a t  i t s  base. Rather, t he  q u a r t z i t e s  here a r e  f i n e -  

gra ined,  . s e r i c i . t  i c ,  and calcareous. Several large-sca l e crossbeds and 

herr ingbone c r o s s - s t r a t i f i c a t i o n  a re  present along w i t h  abundant smal le r -  

sca le ,  p lanar  crossbeds. Paleocurrent  d i s t r i b u t i o n  i s  bimodal nor theas t -  



southwest (F igure 3.8). Other metasediments i n  t h i s  area inc lude we1 1 -  

1aminated;fine-grained, graded q u a r t z i t e s ;  thi .nly.bedded, a ' l t e r n a t i n g  

beds o f  metacarbonate and very f i ne-gra i ned q u a r t z i  t e  (metachert?) ; 

and p h y l l  i tes. These 1 i tho log ies  suggest depos i t ion  on a kha l  low marine 

s h e l f  under the  inf luence of t i d a l  cur rents .  

S i l v e r  Lake Metavolcanic Rocks 

The S i  l v e r  Lake  etav volcanic Rocks i s  expanded from ~ r a f f  l s  (1978) 
, 

S i l v e r  Lake Conglomerate t o  incl 'ude h i s  Spring Lake Vo1cani.c~. We. have 

adopted t h i s  s t r a t i g r a p h i c  nomenclature because of t he  .interbeddded re-  

1ationshi.p between these two u n i t s  i n  outcrop. The S i l v e r  Lake Meta- 

vo lcan ic  Rocks cons i s t  o f  maf Tc (and u l tramaf ic?)  metavol can i.c rocks, 

grani te-boulder  paraconglomerate, b i o t i t e  s c h i s t ,  metag'raywacke, me ta tu f f ,  

q u a r t z i t e ,  and metacarbonate. This u n i t  i s  w e l l  exposed i n  the  c l i f f s  

between South Spr ing Creek Lake and S i l v e r  Lake. General ly poor expos- 

ures and complex s t r u c t u r e  make i t  d i f f i c u l t  t o  measure the  th ickness 

o f  t h i s  u n i t  accura te ly .  Over most o f  the study area t h i s  u n i t  appears 

t o  be about 300 meters t h i c k .  The paraconglomerates appear t o  be t h i c k e s t  . 

j u s t  south o f  Br idger  Peak w h i l e  the  metagraywacke . . an'd tuf faceous rocks. 

a re  t h i c k e s t  on the n o r t h  f l a n k s  o f  t he  D iv ide  Peak Sy'nclinorium. Rapid 

l a t e r a l  and v e r t i c a l .  f a c i e s  changes a re  common i n  thi.s u n i t .  Various l eve ls  

o f  t h i s  u n i t  were i n te rsec ted  by d r i l l  holes Sm-7, 9, 1 1 ,  and 12 (see 

Volume 2' f o r  general ized 1 i t h o l o g i c  1.og.s) : 

Petrographic data i s  g iven i n  Table 3.5. Maf ic  and u l t r a m a f i c  rocks 

are  dominated by e i t h e r  a c t i n o l i t e . o r  hornblende. C h l o r i t e ,  gannet, and 
. . 

t a l c  commonly a r e  present  i n  the u1tramafi.c rocks w h i l e  c h l o r i t e ,  b i o t i t e  

and p l  agioc lase are  common comsti.euents o.f , the.  maf i c  rocks. Several o f  



TABLE 3.5. PETROGRAPHY OF THE SILVER LAKE METAVULCANI-: R3CKS FROM THE SIERRA MAORE; MODES FROM \'ISUAL ESTIMATG 

PA~ACONGLOMEF ATES 
Chlor. 

5 
1 

14 - 
15 
- 
- 
- 
40 

5 
45 

5 - 
- 
- 
Tr 

8 

Sample no. 
AFCR 13-2 

. AFCR 13.3 
AFCR 134  
AFCR 7.2 
AFOG -3 
AFOG 4 
SM6 

. SM-10 
SM.12 
SM-14 
SM-32 
TS-147 
TS-151 
TS.172 
SM9-289 
SM11.1004.8 

' MEAN 1161 

Plag. 
- 
- 
- 
1 - 
- 
- 
10 
- 

- 
10 
2 

35 
- 
15 

5 

Epid. Opaq. Garn. 
1 1 - .  
2 - 5 
- - - 

3 1 -  - - -  
- 2 20 

8 Tr - 
2 2 1  - - -  - - -  
- Tr - - - -  
- - -  

C a r t  - i r  
- 
- 
- 
- 
- 
- 
P 0 
- 
- 
- 
- 
- 
- 
Tr. 
- 

1 

Hnbl. 
87 
65 - 
93 
- 
73 
85 
65 
- 
- 
- 
- 
- 
64 - 
65 

37 

Samde no. 
SMQ:4 
T S Z 2  
TS-158 
TS-89  
TS.225 
TS-2)5 
TS-a7  
TS300 
TS.Tl8 
TS-Q4 
TS-136 
TS-U3 
TS.137 
SMi-391.8 
SM-A42.2 
SMS219.5 
SM5501.5 
SMM78.3 

ME-N (181 

Chlor. Biot. 
1 1 - 15 - - 
2 7 

4 - - 5 
41 15 

2 75 
3 - 
5 5 
1 10 - , Tr  
3 10 
5 50 
- 10 

5 3 
20 7 

1 5 

5 12 

Epid. - 
1 

10 - 
20 
6 
- 

3 
- 
- 
- 
- 
2 

Tr - 
- 
- 

1 

2 

Gt. 
2 
- 
- 
- 
- 
- 
- 
3 
- 

1 - 
1 
5 

10 
Tr 
TI - 
- 

' 1 

Carb. - - 
- 
- 
- 
- 
- 
2 - 
- 
5 
5 

Tr  
5 
1 
2 
3 - 
1 

Act. Hnbl. Stilp. 
45 - - 
- 5 - - 35 - 
52 - 1 
- 15 - 
- 4 - 
- 10 - - - -  
35 - - - 5 - 
- 2 -  - 35 - 
- 5 - 
'- - - 
30 - - - - -  - - -  - - -  

9 9 Tr 

OC. Plag. 
4C 10 
55 20 

E - 
ZC 20 
4C 15 
'5C 20 
a - 

1E - 
45 15 
86 - 
7: 10 
35 20 
5: 15 
3C' - 
5:. 5 
41. 45 
451 20 
8.. 5 

4- 12 

Sample no. 
SM12-589 
SM8  
SM82 
SM83 
SMd6 
AFDG-1 
AFDG.2 
SM11-729 

.SM11632 
SM-16 
SM.30 
AFCR 18-1 
TS-299 
SM7.276.2 
AFOGd 
SM12640 
SM12637 
TS.128a 
TS-175 

MEAN I191 

METAGRAYVIACKES AND ME-.%TUFFS 

012. Plag. 
52 30 
75 - 
30 - 
50 - 
30 48 
55 20 
55 20 
70 16 
40 20 
59 20 
50 35 
60 - 
60 5 
30 4 
48 5 
55 15 
78 5 
25 35 
25 60 

50 18 

Murc 
15 
Tr 
30 
15 - 
- 
- 
Tr 
- 
Tr - 
16 

7 

- 
- 
20 

5 - 
3 

6 

Chlor. Biot. Epid. 
3 - -  - 15 - 
- 1 -  
1 - -  
1 15 I 
- 10 10 - - 15 

i l o  i 
- 5 3C 
10 5 Tr  
3 3 1  
3 11 - 
8 10 1 
- 1 -  

1 - ' 1  
- 5 - 
- 2 - 
15 - - 

1 3 -  

2 5 :  

Garn Carb. Hnt l  - - -  
- - -  
25 - - 
34 - - 

4 - -  - - 
- - 10 
1 1 -  
5 - -  
- -  5 - - 
la  - - 
5. - 5 - - 65 
- 10 35 
- - -  
- - -  
- 25 - 

3 5 -  

5. 2 7 

METAPXITES 

Samle no. 
SM21 
TS-a9  
SMC573 
SMT334.5 
SM7-559 
SM9255.5 
SM4430 
SMS596 

MEAN (81 

OR. Plag. Mu%. 
3C 20 40 
4C 5 29 
3C 12 1 
4e . 10 - 
7: 5 - 
7: 5 - 
,6C 10 2 
5E 8 - 
5C 9 9 

Ctlor. Biot. 
4 4 

15 5 
5 35 
- 35 
- 15 
1 23 

$5 5 
- 35 

5 13 

Epid. 
- 
3 

15 - 
5 - 
- 
- 
3 

Garn. 
- 
- 
- 
1 
3 ' 

Tr 
5 - 
1 

Carb. - 
2 
2 - 

Tr - 
- 
Tr 

TI 

Act. - 
- 
- 
10 - 
- 
- 
- 

1 

MARBLE 

Samle no. 07. Murc. Biot. Carb. 
S M i 4  7 6  Tr Tr 30 



the samples contain considerably more quartz than one would expect f o r  a 

mafic volcanic rock. We consider these rocks t o  be vo lcan ic las t i c  i n  

o r i g i n .  

The S i l v e r  Lake paraconglomerates (Figure 3.9) consist  o f  metasedi- 

mentary, g ran i t i c ,  and metavolcanic c l a s t s  (up t o  boulder-size) i n  an 

amphibo l i t ic  matrix. I n  contrast, the paraconglomerates I n  the under ly ing 

Jack Creek Quar tz i te  are vo lumetr ica l ly  less important, contain few meta- 

volcanic clasts, end have a metape l i t i c  matr ix.  Quartz, plagioclase, 

muscovite, ch lo r i te ,  b i o t i t e ,  epidote, and amphibole are the most abundant 

~ w n s t i t u e n t s  o f  the S i l ve r  Lake paraconglomerates. The s i l i ceous  f r a c t i o n  

o f  these rocks i s  usual ly  arkosic (Figure 3.10). 

P e l l t i c  rocks o f  the S i l ve r  Lake Metavolcanic Rocks consist  o f  a 

mixture o f  mica, ch lo r i t e ,  quartz, and plagioclase (Table 3.5). These 

rocks are general ly  not  as fe ldspathlc as most o f  the S i l ve r  Lake rocks. 

Ep i dote, garnet, and ac t  i no1 i t e  may be abundant 1 ocal 1 y . The one "marb 1 el' 

examined petrographical ly  i s  ac tua l l y  a very calcareous qua r t z i t e   a able 

3.5) 

A va r i e t y  o f  t u f  faceous o r  vol  can i c l a s t  i c metased imentary rocks 

are present i n  the S i l v e r  Lakeuni t .  The contain abundant quartz, 

feldspar, and mica as wel l  as occasional ch lo r i t e ,  epidote, garnet, 

carbonate, and hornblende (Table 3.5). These rocks are general l y  very 

arkosic [Figure 3.10). Most are poor1.y sorted .and some have a d i s t i n c t  

bimodal gra in  s ize d i s t r i b u t i o n  w i t h  large, near ly euhedral, feldspars 

i n  a f iner-grained arkosic matrix. Two samples (~m-16 and SM-30) have 

a very fine-grained s i l i ceous  mat r i x  w i t h  a few coarse c r ys ta l s  o f  



Figure 3.9* Photograph nf Silver Ldke Paraconglmrcite i n  t h e  
Sierra Madre. 



Silver Lake metagraywackes,quartzites, Silver Lake paracong lomerates 
metatuf fs,and volcaniclastic metased - n= 17 
imentar y rock 

n- 19 

0 - no feldspar 
- plagioclasec 1/3 total feldspar 

+ - plagioclase >1/3, 4 2 /3  total feld-- 
spor 

x - p.lagioclase > 2 / 3  total feldspar 

- mean 

1 1 1 1  1 1 1 1  

F 05 M 
Silver Lake metopelit ic rocks 

n= 8 

Figure 3.10. Quartz (Q ) ,  feldspar (F) ,  and micat chlorite (M) 
ternary diagrams for Silver Lake metasedimentary rocks 
(after Folk, 1968) 



hornblende and fe ldspar .  We consider these to . rep resen t  metamorphosed 

d a c i t i c  welded t u f f s  (siOZ content  i s  about 69%). 

Few pr imary sedimentary o r  igneous s t ruc tu res  have been observed i n  

the  S i l v e r  Lake rocks. We env is ion  the  environment as having been scat -  

t e red  maf ic  vo l can ic  centers shedding lava f lows and tuffaceous rocks 

i n t o  surrounding basins.' Rapid fac ies changes and the poor ly  sor ted  

na tu re  o f  the sediments suggests r a p i d  depos i t ion ,  perhaps as a l l u v i a l  

fanqj  f a n  d e l t a s ,  m~rd f lows,  o r  t u r b i d i ' t y  cur rents .  The v a r i e t y  of * 
c l a s t s  i n  t h e  paraconglomerates imp1 i.es up1 i f t  o f  p re -ex i s t  ing g r a n i t i c  

and ~ed imer i ta ry  s t r a t a ,  probably a long f a u l t  scarps, i n  con junc t ion  w i t h  

vo l  can i sm. 

B r idge r  Peak Q u a r t z i t e  

The Br idger  Peak Q u a r t z i t e  i s  here r e s t r i c t e d  t o  D i v i s '  (197.6) usage. 

We i n t e r p r e t  t h i s  u n i t  t o  l i e  i n  the core o f  a recumbent, i s o c l i n a l  syn- 

c l i n e  throughout the  study area ( p l a t e  5 ) .  Th is  i s  the  youngest u n i t  o f  

ehe Phantom Lake Metamorphl c Sul t e  - a r ~ d  Llle Lup i s  I I W L  expused. O w l -  i i 1 0 5 t  

o f  t he  study area, the  q u a r t z i t e  i s  about 800 meters t h i c k .  . The q u a r t z i t e  

i s  w e l l  exposed a t  Br idger  Peak and Vulcan Mountain and f o r  several mi les  

eas t  o f  these two l o c a l i t i e s  (P la te  5 ) .  This  unit cons ls rs  pr l rnar l  l y  o f  

f i ne -g ra ined  q u a r t z i t e  w i ' th  some p h y l l i t e s .  A few metavolcanic rocks and 

metacarbonates and a t  l e a s t  one l o c a l i t y  o f  p y r i t i c  quartz-pebble cong'lom- 

e r a t e  are  present  near the base. . * 
The q u a r t z i t e s  are  q u i t e  va r iab le ,  ranging from quar tz  a ren i tes  t o  

, . ' 

a r g i  1 laceous and a rkos i c  ' qua r t z i t es  (Figure 3.7). p Quartz,  p lag ioc lase,  

and muscovite a r e  the  most abundant species w i t h  minor amounts o f  c h l o r i t e  a 
and b i o t i  t e  .(Table 3.6) . A quartz-pebble conglomerate i s  present on Vulcan 



TABLE3.6. PETROGRAPHY OF THE BRIDGER PEAK QUARTZITE OF THE SIERRA MADRE: MODES FROM 
VISUAL ESTIMATES 

QUARTZITES 

Sample no. 
TS-117 
TS-119 
.'TS-121 
SM9-169 
SM9-163 
SM5874.6 
SM5-708 

MEAN (7) 

Qtz. 
99 
99 
64 

64 
60 
50 
50 

69 

Piag. 
- 
- 
30 
- 
10 
3 0 
2 0 

13 

M u x .  
- 
- 

1 
10 
25 
15 
20  

10 

Chlor. Biot. 
1 - 
1 - 
5 - 
1 5 - 5 
- 5 

2 5 

1 3 

Gar. 
- 
- 

.. - 
- 
- 
- 
Tr 

Tr 

Carb. 
- 
- 
- 
- 
- 
Tr 
3 

T r  

MISCELLANEOUS 

Sampleno. Qtz. P,lag. K-spar. Musc. Chlor. Biot. Epid. Opaq. Carb. Act. Hnbl. Rockname 
TS-114 15 - , - - - - 55 Tr  - 30 - Metabasalt ; 
TS-115 5 - - - Tr - 55 - - 40 - Metabasalt ; . ' 

TS-122 28 - - - 70 2 - Tr  - - - Schist 

AFMi 1 40 5 15 5 - - - - 35 - - Marble 

SM5-511.3 10 15 , - - 5 - 2 - Tr  - 68 Volcaniclastic 



Bridger Peak Quartzite; NW 1/4, SW 1/4, 
Sec. IS, T14N, R86W. n=l l  

Magnolia Formation; Drill sites SM-7, 
SM-8, and SE I h ,  SE 1/4, Sec. 13, 
T14N, R86W. n= 21 
Dashed lines indicate paleocurrent data 
"flipped" 1809 

f 
20°/0 

SCALE 10% 

Figure 3.11. Paleocurrent rose diagrams for the Bridger 
Peak Quartzite and Magnolia Formation. 



Mountain. conta; n ing  up t o  .twenty perc6nt p y r i t e  (Sample SM 9-169, 

Table 3 . 6 ) ,  and. up t o  35 ppm U and 40 ppm Th. The. metavol canic rocks 

cons is t  p r imar i  l y  o f  epidote, amphibole, and quar t z  (Table 3.6). 

L i t t l e  i s  known about the depos i t i ona l  environment o f  the  Br idger  

Peak Quar tz i t e . '  The few sedimentary s t ruc tu res  observed were medium- 

t o  large-scale p lanar  crossbeds and small-sca' le t rough crossbeds. Paleo- 

cu r ren t  ana lys i s  i s  l i m i t e d  and'suggests . . t h a t  i n  one area sedinie.nt t rans-  

p o r t  was dominantly northwest (F igure '3.1 1) ..- Th is  ana lys i s  i s  sub jec t  t o  

the  same s t r u c t u r a l  d i f f i c u l t i e s  as i n  the  Jack Creek Q u a r t z i t e .  The 

p y r i t i c  quartz-pebble conglomerate a t  Vulcan Mountain i s  l i t h o l o g i c a l l y  

s imi  l a r  t o  . the f l u v i a l  sediments o f  the  Deep Gulch Conglomerate suggest- . . 

i ng  t h a t  the basal p a r t  o f  , the .Br idger Peak Q u a r t z i t e  may be p a r t l y  f l u -  

v i a l  i n  o r ig in . .  The g ~ ~ e 2 i ' s '  o f  :the bu lk  of t he  u n i t  remains uncer ta in .  

The more npture  ' t e x t u r e  and mineral content  suggests . . waning vo'lcani sm and 

t e c t o n i c  a c t i v i t y  .du r ing  depos i t ion  o f  t he  q u a r t z i t e .  

LATE ARCHEAN GRAN l T l C l NTRUS l VES 

A v a r i e t y  o f  g r a n i t i c  rocks .(mainly g r a n i t e  arid granod ior i  te ,  F igure 

3 . 2 , )  i n t rude  the  Archean .s t ra ta .  Three d i f f e r e n . t  :types have been iden- 

t i f i e d  i n  the  f i e l d  bu t  pe t ro logy  shows no major d i f te rences between them. 

(Table 3.7). Several d i  f f e r e n t  ages a r e  probably. represented. 

F e r r i s  (1964), M i l  l e r  (1971) ,: and Hughes (1973) described 'p ink quar tz -  

fe1dspathi.c gneisses complexly interwoven w i t h  the  gray b i o t i t e - p l a g i o c l a s e  

gneis,ses. 'These gneisses are  n o t  d . i f f e r e n t i a t e d  on P l a t e  4. ,Xenol i ths 

o f  gray gneiss a re  present i n  many areas i n  the  p i n k  gneisses. l n t r u s i v e  

and gradat iona l  contacts a re  present between the  two gneiss'es. S i m i  lac . -  



TABLE 3.7. PETROGRAPHY cF ARCHEAN GRANIT1.C INTRUSIVE ROCKS FF:OM THE SIERRA MADRE. DATA F3O.M POINT COUNTS; 
MILLER (1971); FERRIS (lS4);.HJGHES ('1973); AND DlVlS (1976) = ' 

Sample no. 
SM-53 
SM-56 , 

S M'-99 
. SM13-341 

AFCR1-1 
AFCR7-1 
AFSC-1 
144 
QF 159' 
AG015' 
AG064' 
AG067' 
AG104' 
AG 106' 
AG140C 

QQ. Plag. 
49.2 37.6 
26.7 30.4 
34.3 40.0 
272 32.4 
isa 45.7 
1E..O 38.8 
30.6 28.3 
2L.5 47.9 
32.3 51.2 
17.3 55.1 
23.8 49.5 
19.2 52.6 
28.1 44.2 
28.8 50.0 
26.3 43.1 

Bio:. 
- 

19.9 
2:s 

13.9 
TI 

10.3 
153 
202 
- 
- 

. - 
- 
- 
- 
- 

Epid. Hnbl. 
0.6 - 
6.8 0.6 
3.8 0.6 
- 
4.9 13.0 
5,6 10.6 
1.0 .- 
5.5 - 
Tr - 
Tr - 
Tr - 
Tr - 
- - 
Tr . - 
- - 

after Plag. 
Seri. Epid. 
0.6 - 
2.5 - 
1.9 - 
4.1 - 
1.2 i.3.1 
5.6 - 
1.8 3.2 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

An. of 
Plag. 
- 
- 
- 
- .  
- 
- 
- 
- 

An8 
An2 
An10 
An8 
A n6 
An10 - 

MEAN (15) 26.9 43.2 17.2 9.0 5!5 1.9 1.7 0.2 1.2 0.3 Tr - - - - - 

MEAN OF 4 Oi3THOGNEISSES FROhl MILLER 
31.2 26.2 11.2' 21.E Tr 1.2 - - - - Tr .- T-  Tr T' An30-32 

MEAN OF 4 OFITHOGNEISSES FROM FERRIS 
33 27 . 2 5  . 23.. - - - - - - - - - - An12-34 

MEAN OF 4 QRTHOGNEISSEE FROM HUGFES 
29 18 45 . 5  16 Tr Tr - - - Tr T i  Tr - - - 

MEAN OF 3 FELSIC DIKES FROMiMJGHES 
30 25 24 li4 Tr Tr - - - - - Tr Ti - - - 



rocks are a l s o  present as f e l s i c  ( a p l i t i c )  dikes. Thes 'rocks are  p r i m a r i -  

l y  g ran i tes .  The i r  age i s  no t  known but  they a r e  probably o l d e r  than the 

Phantom Lake Metamorphic Sui te.  

I n t r u s i v e  i n t o  the Phantom Lake Metamorphic S u i t e  i s  the  Spr ing Lake 

Granod i o r i  t e  ( p l a t e  5.) . The compos i t ion  o f  two samples (AFSC-1 and 

AFCR 7-1) i s  shown i n  Tables 3.7 and 3.8. Char1 ton  (personal corrununica- 

t i o n ,  1980) repor ts  t h a t  much of the u n i t  i s  a t o n a l i t e .  Th is  i n t r u s i v e  

i s  near ly  2700 m.y. o l d  (Hedge, personal communication, 1980). The 

g r a n o d i o r i t e  body near North Spring Lake c l e a r l y  c u t s  across the f o l i a -  

t i o n  of the  Cont inenta l  D iv ide  Metavolcanic Rocks and i s  i t s e l f  f o l i -  

ated. At t h e  Car r ico  Ranch area, the  granod ior i ' te  i s  f o ided  wleh the 

Phantom Lake Metamorphic Sui te.  

The t h i r d  g r a n i t e  type i n  the  S i e r r a  Madre i s  the red o r  "Baggot 

Rocks-type'' grani  . te .  . These 'rocks i nc lude  gran i te ,  g ranod ior i  t e ,  quar tz  

monzodior i te,  and trondhjemi t e  ( ~ i g u r e  3.2 and Table 3.7). Baggot Rocks 
. . 

Gran i te  i n  the  Medicine Bow Mountains and the nor theast  S i e r r a  Madre 

ranges i n  age from 2325 m.y. t o  2560 m.y. { ~ i v i s ,  1976-, H i l l s  and Houston, 

1979). Some o f  the  red gran i  tes on the  n o r t h  f l anks  o f  the  D iv ide  Peak 

Sync1 inor ium appeai t'o be o l d e r  than the  Phantom Lake Metamorphic Su i te  

and, as such, a re  n o t  r e l a t e d  t o  the  t r u e  Baggot Rocks Grani te.  These 

rocks appear t o  conta in  more b i o t i t e  and less. K- fe ldspar than the younger 

red grani  tes (Table 3.7). The o l d e r  granodi o r i  tes  conta in  considerably , 

more i ron and magnesium than the  Bapgot Rocks Grani t e  (Table 3.8). F igure 

3.3 i s  an AFM p l o t  o f  a l l  Archean g r a n i t i c  rocks from the S i e r r a  Madre 

and Medicine Bow Mountains. Together they i n d i c a t e  a c a l c - a l k a l i n e  t rend 

but  the d i s p a r i t y  i n  ages may be great  enough t o  negate a l l  the  data being 

p l o t t e d  together. 



TABLE 3.8. GEOCHEMISTRY OF GRANITIC ROCKS FROM THE SIERRP. MADRE. ANALYSTS ALLAY DI\'IS 11976) 1-6; 
AND STEVE BOESE, UNIVERSITY OF VJ'fOMING 7-1 1. 

SiO, 
A1203 
Fez03 
MgO 
MnO 
CaO 
N%O 
K20 . 
Ti& 

Total 99.92 

MOLECULAR NORMS _ 

Q 16.77. 
Or 28 .OO 
A b 52.06 
An  . 0.54 
HY 0.14 
D i - 
M t  0.25 
II 0.43 
AP 0.1 2 
0 1 - 
Co - 
"Sm" - 
Ac - 
C 0.38 

1 8 :  Baggot Rocks - type Granite (s& Divis, -976,'p. 49) 
7: Red trondhjemite near Jack Creek, NWYm SEX, Sec. 32, T16N, R86W 
8: Red "granite" near'Almeda Oreek. NEX, N,EL. Sed. 28, T16N. R86W 
9: Red granite north of  Cariico qanch, SEq- SW%, Sec. 1, T15N, R88W 

10: Gray (Spring Lake) Granodiorite,crosscusSilver Lakemetavolcanic rocks south of Carrico Ranch; SWX. S:k. Sec. 7, T15N. RB7W 
11 : Gray (Spring Lake) Gra,mdiorite in North Spring Lake Cirque; SEX, SW%, Ssc. 4, T14N. R86W 



DEEP LAKE GROUP 

The Deep Lake Group i n ' t h e  S i e r r a  Madre (F igu re  3.5) c o n s i s t s  of  

t he  Magnol ia Format ion, S inger  Peak Format ion, Cascade Q u a r t z i t e ,  and 

Vagner Formation. Th i s  i s  p robab ly  n o t  a  complete s e c t i o n  as t h e  upper 

con tac t  i s  a  t h r u s t  f a u l t .  G r a f f  (1978) p laced  severa l  th rus . t  f a u l t s  

i n  t h e  Deep Lake Group b u t  we f e e l  t h a t  e r o s i o n a l  uncon fo rm i t i es  bes t  

e x p l a i n  t h e  t h i ckness  v a r i a t i o n s  ( P l a t e  5 ) .  

Magnol ia  Format ion 

The Magnol ia Format ion was d e f i n e d  i n  t h e  Medic ine Bow Mountains 

( ~ a r l s t r o m  and Houston, 1979a, 1979b) and f i r s t  descr ibed  i n  t h e  S i e r r a  

Madre by G r a f f  (1979). I n  t h e  S i e r r a  Madre, t h i s  u n i t  c o n s i s t s  o f  s l i g h t l y  

r a d i o a c t i v e  conglomerates (up t o  27 ppm U, 110 ppm ~ h )  , quar t2 . i  t e s ,  and 

p h y l l i t e s .  I t  ranges i n  t h i ckness  f rom 46.0 meters j u s t  sou th  o f  Dexter  

Peak t o  z e r o  south o f  Encampment ( P l a t e  5 ) .  Th i s  v a r i a t i o n  i n  t h i c k -  

ness may r e f l e c t  a  combinati.on o f  severa l  f a c t o r s :  t h e  unevenness o f  

t h e  d e p o s i t i o n a l  su r f ace  beneath t h e  Magnol ia;  e r o s i o n  p r i o r  t o  deposi-  

t i o n  o f  t h e  Cascade Q u a r t z i t e ;  and P r o t e r o z o i c  f a u l t i n g .  

Several  problems e x i s t  concern ing t he  Magnol ia .Format ion.  As 

p o i n t e d  out by Char le tnn nf Resource Assoc ia tes o f  Alaska ( w r i t t e n  com- 

mun ica t ion ,  1980) t he  Magnol ia  i s  s i m i l a r  l i t h o l o g i c a l l y  t o  Phantom Lake 

S u i t e  q u a r t z i t e s  (compare Tables 3.4 and 3.9 and F igures  3.7 and 3.12) 

and coarse-gra ined q u a r t z i t e s ,  l i k e  those o f  t he  Magnol ia  a re  complexly 

i n t e r l e a v e d  w i t h  t he  u n d e r l y i n g  B r i d g e r  Peak Q u a r t z i t e  and S i l v e r  Lake 

Metavo lcan ic  Rocks. What i s  more, t h e r e  i s  no basal  conglomerate above 

an obviou5 reg iona l - sca le  uncon fo rmi ty  i n  t h e  S i e r r a  Madre l i k e  those 

mapped i n  t he  Medic ine Bow Mountains. Never the less,  we have r e t a i n e d  

t h e  Magnol i a  Format i on  f o r  severa l  reasons. F i  r s t ,  we cons ider  t h e  



Magnolia Formation 
- .  n = 2 5  

Singer Peak Formation, n = 4 
Vagner-Formation , n- I, n=(o ) 

Cascade Quartzite 
n = 7  

O - no feldspar 
- plaqioclaoe 1/3 total feldspar 

+ - plggioclase P 1/3, 2/3 total feldspar 

x - plaqioclase > 2/3 total feldspar 

8 - mean 

Libby Creek Group 
n=  5 

Figure 3.12. Quartz(Q), feldspar(F),and mica+chlorite(M) 
ternary diagrams for Proterozoic meta~edimentor~ rocks, 
Sierra Madre,  Wyoming (after Folki 1968) 



TABLE 3.9. PETROGRAPHY OF THE MAGNOLIA FORMATION FROMITHE SIERRA MADRE; 
MODES FROM VISUAL ESTIMATES. 

Sample no. 
TS-100 
TS-111 

'TS-112 
TS-126 
TS-179. 
TS-229 
TS-230 

SM5A-180 
SM8-124 
SM8-153 ' 

SM8307.7 
SM8-383.8 
SM8487.5 
SM8-515.8 
SM8-527.5 
SM8-581 
SM8-623 
SM11-240.5 
SM11-330 
SM11400 
SM11-503.9 
SM12-126 
SMl2-156 
SM12-195 ' 

SM5-393 

Musc. 
5 
5 

10 
20 

5 
1 
2 

35 
3 
5 

74 
10 
20 
3 

20 
14 
10 
10 
2 

10 
10 
10 - 
18 
5 

Chlor. 
- 
- 
- 
- 

1 

- 
5 
1 

65 
1 
- 
- 
Tr 
1 
- 
- 

1 
'2 
2 
1 
- 
- 

1 
1 

Biot. 
1 
1 
1 
1 

Tr 
- 
- 
- 

3 - 
- 

5 
3 
1 
4 
1 
1 
3 

10 
- 

5 
3 

25 
1 
- 

Carb. 
- 
- 
- 
- 
- 
- 
- 
Tr 
- 
5 
- 
- 
1 
2 

Tr 
T r 

5 
1 
- 

1 
- .  
- 
- 
- 

1 

Opaq. Apat. 
Tr - 
Tr - 
Tr - 
- - 

Zirc. 
- 
- 
- 

MEAN (25) 62 13 6 12 3 3 1 Tr Tr Tr Tr 



l i t h o l o g i c  ~ i m ~ l a r i t i e s  t o  r e f l e c t  deri .vat, ion o f  Magnolia d e t r i t u s  from 

under l y ing  u n i t s  and we fee l  t h a t  coarse g r a i n  s izes  and trough crossbeds . !  

serve t o  d i s t i n g u i s h  the Magnol i a  from underlyi.ng quar t z i t es .  Second, 

i n t e r f i n g e r i n g  r e l a t i o n s h i p s  may represent i n - f o l d i n g  o f  Pro terozo ic  and 

Archean u n i t s ,  w i t h  a r e l a t i o n s h i p  a l s o  observed i n  the  Medicine Bow 

Mounta i ns. Thi  r d  , t h e  3:ack o f  basal congl omerate above a profound un- 

conformi ty  i n  the Sieera  adr re, we fee l ,  i s  expla ined i h  terms of rap id  

t ransgress iona l  depos i t ion .  F l u v i a l  depos i t ion  i n  the  Magnolia Formation 

was s p a t i a l l y  and temporal ly  r a t h e r  r e s t r i c t e d  and was q u i c k l y  superceded 

by marine depos i t i on  o f  the  Singer Peak Formation. S t ruc ru ra l  data i n  

t h e  area o f  d r l l l  h o l e  SM-5 (south of Dexter Peak I n  P l a t e  5) suggests the  

presence o f  an angular  unconformi t y  between the Singer Peak Format i on  and 

t h e  Phantom Lake S u i t e  and, q u a r t z i t e s  separat ing t h e  two u n i t s  which we 

map as Magnolia Formation appear t o  be fo lded w i t h  the Singer Peak Forma- 

t i o n ,  no t  t h e  Phanram Lake Sui Le. 

The p r i n c i p a l  sedimentary s t r u c t u r e  i n  the Magnolia Formation i s  

smal l -scale,  t rough crossbeds. 'Paleocurrent analysi 's (Figure 3.11) i n d i -  

cated a bimodal nor th-south  cu r ren t  d i s t r i b u t i o n ,  however the  predominance 

o f  t rough crossbeds s t rong ly  suggests . . a unimodal d i s t r i b u t i o n .  The b i -  

modal d i s t r i b u t i o n  i s  probably an a r t i f a c t  produced by r o t a t i o n  on a stereo- 

net .  I n  F igure  3.118 we f l i p p e d  the  n o r t h  t rend ing mode by 180 degrees. 

We interpret the Magnol i a  Format ion  tn  have been deposi ted by bra ided 

streams i n  a r i f t  bas in  (see d iscussion o f  the Magnol i a  Formation o f  t he  

Medicine Bow ~ o u n t a i n s ) .  



Singer Peak Formation 
. . 

The S inger  Peak Format i on  (Graf f , 1979) cons i s t s  predomi nant 1 y o f  

p h y l l i t e s  w i t h  minor quar tz ' i tes  and a paraconglomerate 1ayer.near the  

top. I t i n t e r f  ingers w i t h  the Magnol i a  Formation i n  t h e ,  Dexter Peak 

area bu t  the contac t  i s  more obscure elsewhere. The t h i c k  p h y l l  i t e  

sec t i on  i n  the Magnolia a t  B o t t l e  Creek may be an eastern remnant o f  

the Singer Peak. Format ion.   he Campbel 1 Lake Format ion o f  Graf'f (1979) 

i s  here included wi ' th the  Singer Peak Formation. The S.inger Peak.. 

Formation i s  c o r r e l a t i v e  w i t h  the  Lindsey Q u a r t z i t e  and the  Campbell 

Lake Formation o f  the Medicine Bow Mountains, This u n i t  i s  about 

831 meters t h i c k  i n  the  west and t h i n s  due to .e ros ion ,  f ac ies  change, 

o r  f a u l t i n g  t o  zero i n  the east .  

The p h y l l i t e s  cons is t  p r i m a r i l y  o f  muscovite, o r  c h l o r i t e ,  and 

quartz,  p lag ioc lase,  b i o t i t e ,  garnet,  ep ido ie ,  c h l o r i t o i d ,  and andau ls i te  

h a b l e  3.10) .. One conglomerat ic quai- tz i  t e  l aye r  we1 1 w i t h i n  the  forma- 

t i o n  cons is ts  almost e n t i r e l y  o f  quar tz  and p lag ioc lase  ($ample AFSP-l). . . 

The minera logy suggests t h a t  these rocks reached epldote-amphi bo l  i t e  

fac ies  o f  metamorphism ( ~ i y a s h i  ro,  1973). 

No sedimentary s t ruc tures  have been observed i n  the  ' ~ ' i , n ~ e r  Peak 

Formation. We i n t e r p r e t  i t  t o  be an o f f s h o r e  marine fac ies  o f  f l u v i a l /  

g l a c i a l  u n i t s  i n  the  Medicine Bow Mountains. 

Cascade Quar tz i  t e  

The Cascade Q u a r t z i t e  was f i r s t  de f ined i n  the  Medicine Uow Mountains 

(kar l  stromi . . arid' HoGston,' 1979a, 1979b) and then extended t o  the  S i e r r a  

Madre (Gra f f ,  1979). The u n i t  i s  dominated by q u a r t z i t e  w i t h  layers  o f  

quartz-pebb l e  arid b l  ai;k:,clierl-pebble eorlg 1u111et-ace. Tlse q u a r t z i  t e  i.s 



TABLE3.10. PETROGRAPHY OF THE UPPER DEEP LAKE AND LIBBY CREEK ' 

GROUPS FROM THE SIERRA MADRE; MODES FROM VISUAL ESTIMATES 

SINGER PEAK FORMATION 

Qtz. Plag. Musc. Chlor. Biot. Chloritoid Epid. Garn. And. 
TS-254 5 0  15 - 30 - - 2 3 - 
TS-288 3 T r  91 - 3 3 - - - 
AFSP-1 7 3  25 1 1 - - - - - 
AFSP-2 54  5 35 - 5 - - - 1 

MEAN (41 45  11 32 8 2 1 T r  1 Tr 

CASCADE QUARTZITE 

Plag. 
20  
20 
15 - 
4 0  
10 
3 

15 

Musc. 
1 
3 
3 

15 
1 - - 
3 

Chlor. 
- 
- 
- - - 
5 
- 

1 

VAONER FOl7MATlOM 

Qtz. Plag. Musc. Chlor. Opaq. 
TS-131 4 3  35 20 1 1 

COPPERTON QUARTZITE 

Q t 7  

TS-261 97 
AFCP-2 90 
AFCP-3 39 

MEAN (3) 75 

Qtz. 
TS-128A 96  
TS-129 10 
TS-139 119 
MEAN (3) 68 

Plag. Musc. Kvan. Opaq. - Z 1 - 
7 7 - 1 
1 3 0  - 3 0  

1 13 T r 10 

SLAUGHTERHOUSE FORMATION 

Musc. Chlor. Carb. 
3 1 - 
- - 90 
1 7 - 
1 T r 30 

Biot. 
- 
- 
- 
- 
- 
- 
2 

T r 

Carb. 
- 
- 
- 
- 
- 
2 - 

T r 

"Lookout schist" 
"Lookout schist" 

Quartzite 
Marble 

Metachen 



about 560 meters t h i = k  i;n the center  of tb.e map area and th ickens t o  the 

east  'and west. Maximum thi 'ckness i s  a t  l 'east 1500'me.ters but  s t r u c t u r a l  

complexi t ies and the lack  o f  marker beds make i t  d i f f i c u l t  t o  determine 

the exact thickness. The q u a r t z i t e  was deposited over an eros iona l  un- 

conformity and, i n  the  e a s t e r n ' s i e r r a  Madre, i t  i s  the  basal u n i t  of the 

Deep Lake Group . 
. The Cascade Q u a r t z i t e  i s  pri .mari . ly ,composed o f  quartz ,  p lag ioc lase,  

and muscovite wTth minor amounts o f  K-feldspar, c h l o r i t e ,  b i o t i t e ,  and 

carbonate  able 3.10). Several t h i n  sect ions examined show evidence o f  

shearing. The few t h i n  sect ions examined were p r imar i  l y .  subarkoses 

( ~ i g u r e  3.12). 

.. Planar and trough crossbedding and graded bedding have been observed 

i n  t h i s  u n i t  ( ~ r a f f ,  1978) tut d e t a i l e d  sedimentologic ana lys i s  has not  

been made. I t s  s i m i . l a r i t y  t o  the  Cascade Q u a r t z i t e  o f  the Medicine Bow . i  

Range suggests a s i m i l a r  d e l t a i c  o r i g i n .  

Vagner Forma t i  on 

The Vagner Formation ( ~ a r l s t r o m  and Houston, 1979a, 1979b, and Graf f  

1979) i s  a heterogeneous: u n i t  cons is t i ng  o f  q u a r t z i t e s ,  p h y l l i t e s ,  angular- 

c l a s t  paraconglomerates ( d i a m i c t i t e s ) ,  and metacarbona'tes. This u n i t  i s  

a t  l eas t  400 m e t e r s ' t h i c k  but  nowhere i s  i t s  top exposed. I n  most l o -  

c a l i t i e s  i t  i s  i n  contact  w i t h  the  Q u a r t z i t e  Peak o r  Hidden Treasure t h r u s t  

f a u l t s  ( p l a t e  6 ) : .  The one t h i n  sec t i on  examined i s  s i m i l a r  t o  the  'Singer 

peak Formation (Table 3.10 and Figure 3.12). No sedimentary s t ruc tu res  have 

.. been observed ( ~ r a f f ,  1978) but  t h e  u n i t  ' i s  very s imi  l a r  t o  the g lhc iogen ic  

rocks"of the Vagner Formation i n  the ~ e d i c i n e  Bow Mountains. 



LIBBY CREEK GROUP 

The Libby Creek Group o f  Houston and o thers  (1968) was mod i f ied  

by L a n t h i e r  (1979) and i s  now subdiv ided i n t o  a, lower s i l i c i c l a s t i c  

p a r t  and an upper -carbonate-phW i t e  p a r t  ( t h i s  repo r t ,  Table 2 . I ) .  Con- 

t a c t s  i n  bo th  the Medicine Bow Mountains and S i e r r a  Madre a re  t e c t o n i c :  

t he  Lower Libby Creek Group i s  bounded by t h r u s t  f a u l t s  and the  Upper 

Libby Creek Group has a t h r u s t  a t  i t s  base and i s  bounded above by shear 

zones o f  t h e  Cheyenne B e l t .  I n  the  S i e r r a  Madre, t he  Lower L ibby Creek 

Group i s  represented by the  Copperton Formation; the Upper Libby Creek 

Group by the  Slaughterhouse Formation ( ~ i g u r e  3.5).  

D i v i s  (1976, 1977) mis taken ly  i d e n t i f i e d  almost a l l  o f  the meta- 

sedimentary rocks i n  t h e  S i e r r a  Madre t o  be L ibby Creek Group. G r a f f  

c o r r e l a t e d  the Copperton Formation w i t h  the  Rock Kno l l  Formation and 

the  Slaughterhouse w i t h  the  Headquarters. We c o r r e l a t e  the  Copperton 

main ly  w i t h  the Medicine Peak because both  a r e  aluminous qua r t z  a r e n i t e s  

and the  Slaughterhouse w i t h  the Nash f o r k  Formation because both  a r e  

dolomi te-phyl  1 i t e  u n i t s  , ( f i g u r e  1.6). 

Copperton Formation 

The Copperton Formation i s  n ~ o d i f i e d  from G r a f f  (1979) and i s  here 

c o r r e l a t e d  t o  t h e  Medicine Peak Q u a r t z i t e ,  ~ o o k o u t  Sch is t ,  and Sugilr,luar 

Q u a r t z i t e  o f  the  Medicine Bow Mountains (Flgure 1.6). I t s  base i s  the 

Q u a r t z i t e  Peak F a u l t  and i t s  top i s  the 'Hidden Treasure F a u l t  (p la tes  

5 and 6) . Maximum exposed t h i  ckness o f  the  fo rmat ion  i s  about 1070 

meters. 



The format ion i s  predominantly a coarse-grained, h igh l y .  sheared, 
..< . 

kyani te-bearing q u a r t z i t e .  I t i s '  essen t ia l  l y  a quar tz .  a ren i  t e   a able 

.3.10 and f i g u r e  3.ik2). Near the  o l d  town s i t e  o f  Copperton the re  are 

several hundred meters o f  fe r rug inous p h y l l i t e  t h a t  a re  very s i m i l a r  t o  

the Lookout Sch is t  (Table 2. 9 ) . These p h y l l  i tes a re  o v e r l a i n  by more 

quar tz  aren i tes .  Three smal l -scale p lanar  crossbeds were observed i n  

f ine-gra ined q u a r t z i t e s  near the  top o f  the  p h y l l i t e  sect.ion. These cross-  

beds y ie lded  a biomodal northeast-southwest paleocurrent  d i r e c t i o n ,  s imi -  

l a r  t o  the  Lookout Sch is t  of t he  Medicine BCM ~ o u n t a i n s .  

S 1 auqh terh,,~ui~e, Fo.rma t i o n  

The Slaughterhouse Formation (D iv i s ,  1976, Gra f f ,  1979) i s  exposed 
. '  8 : 
, .  ,I,$. 

between the Hidden-Treasure Fau l t  below and the  main shear zone o f  the 
8 4.: . ;! 

Cheyenne Be1 t above ( p l a t e  6 ) .  . This u n i t  i s  composed o f  rnetacarbonate, 

q u a r t z i t e ,  . p h y l l i t e ,  and metachert  a able 3.10). I t  i s  a t  l e a s t  1160 
., . :' 

*." 
meters t h i c k  and i s  c o r r e l a t e d  w i t h  the  Nash Fork Formation o f  the  Medi- 

. '.,. 
c i n e  Bow Range (F igu re  1.6)a l though none o f  the  s t r o m a t o l i t e s  character-  

i s t i c  o f  t he  Nash Fork have been seen i n  the  Slaughterhouse Formation. 

Thls u n i t .  was probably deposited i'n a shal low n k r i n e  environment. 

PROTEROZOIC ROCKS SOUTH OF THE CHEYENNE BELT 

A complex assemblage o f  metasedimentary and metavolcanic rocks (am- 

p h i b o l i t e s  .through f e l s i c  t u f f s )  crop-out .south o f  the shear zone ( ~ a c k e y ,  

1965). Ne i ther  the  thickness nor  the  s t r a t i g r a p h y  o f  these rocks i s  known. 

~ h e s e  rocks were deformed approximately 1700 m.y..and presumably were de- 
. . 

pos i ted  dur ing  the E a r 1 y ' ~ r o t e r o z o i c  ( ~ i 1 l . s  and Houston, 1979). I n t r u s i v e  

i n t o  these rocks i s  the  Encampment R iver  Granod ior i te  and t h e  Sierr 'a Madre 



Gran i te  ( ~ a c k e y ,  1965, D i v i s ,  1976), bo th  o f  which a re  l a t e  Ear ly  Pro- 

t e r o z o i c  ( ~ i  1 1 s and Houston, 1979) : 

GABBRO l C l NTRUS I V E  ROCKS 

As shown i n  P l a t e  5, a l l  Precambrian rocks i n  the  S i e r r a  Madre a re  

c rosscut  by maf ic  s i l l s  and d ikes o f  basa1ti .c composit ion. As i n  the  

Medicine Bow Mountains, we i n t e r p r e t  these bodies t o  represent several 

episodes sf  i n t r u s i o n o f  maflc'magn~a. D i v i s  ('1976).,.on.'the b a s i s  o f  

po t r s logy  and f i e l d  re la t i ' ons ,  subdlvl JeJ lI.lt maf i c  i n t r u s i v e s  intn three 

types: ga rne l  amphibol i tes,  oph i t i c .  amphibol i tes,  and syn -g ran i t i c  

diabases. D i v i s  (1976) then suggested t h a t  the  garnet amphibol i tes a re  

Archean, t h e  ophi t i c  amphi bo l ' l  tes a re  Ear ly  Proterozoic,  and the  kyn- 

g r a n i t i c  diabases a re  s l i g h t l y  younger than the  S i e r r a  Madre Grani te 

(1700 m.y.). 

Th is  i n t e r p r e t a t i o n  f i t s  f a i r l y  we1 1 our  observat ions on f i e l d  ' 

r e l a t i o n s h i p s  and geochemistry o f  t h e  gabbroic i n t r u s i v e s .  Some i n t r u -  

s ives  ( ~ i v i s '  syn-grani t i c  dlbaseb) CI-osscut t h e  shear znne and 1700 1rl.y. ' 

rocks south o f  the shear zone are  d e f i n i t e l y  l a t e s t  Ear ly  Pro terozo ic .  

Table 3.11 shows mean values o f  a l a rge  number o f  whole-rock analyses o f  

gabbroic i n t r ~ ~ s i v e s  i n  rocks n o r t h  o f  t he  shear zone. These i n t r u s i v e s  

a r e  p l o t t e d  on a l k a l i  versus s i l i c a  and AFM diagrams i n  Figure 3 , i 3 .  

A l l  o f  t h e  rucks are  d i s t i n c t l y  t b o l e i i t i c  and th ree poss ib le  

subgroups can be d is t ingu ished.  The la rge s i l l  c u t t i n g  gne lss ic  base- 

ment (number I), and the s i l l  c u t t i n g  the  Cont inenta l  D iv ide  Metavolcanic 

~ o c k s .  (number. 3) are  b l  tramsf i c ,  charac ter ized by. Itow .a1 ka l  i contents. 

These rocks may be r e l a t e d  t o  D iv i  s t  garnet amphibol i t e s ,  and may .be 

Archean. In t rus ' i ves  i n  the  Phantom Lake S u i t e  and Deep Lake Group, 



TABLE 3.11. GEOCHEMISTRY OF MAFlC INTRUSIVE ROCKS FROM THE SIERRA MADRE, REPORTED AS 
MEANS. DATA FROM HOUSTON AND OTHERS, 1977.TOTAL Fe REPORTED AS FEz03. FE2O3/FEO ASSUMED . 

' 

TO BE 0.15 FOR NORMATIVE CALCULATIONS (COX AND O T H E R S , ' ~ ~ ~ ~ ) .  

SiO, 

A1203 

MgO 
CaO 
NazO 

KzO 
T i02  

pa05 
M no  

Total 

Q 
OR 
A b 
An 

Hy 
D i 
0 1 
Cor 

Mag 
I I 

MOLECULAR NORMS 

1 mean of 20 samples from large gabbroic to  pyroxenitic sill (3A-3) cutting Archean gneisses in NEX, SEX, Sec. 7, 
T14N. R84W. 

2 mean of 11 samples from small gabbroic sill (3A-2) cutting Archean gnei'sses in SEX Sec. 7, T14N. R84W. 
3 mean of 8 samples from large amphibolite sill (3G) cutting rocks of Continental Dividn Metavnlranir Rocko in NWIG, 

NW'L. SQC. IQ, TIIN, nocw. 
4 mean of 47 samples from small gabbroic s i l l  (3A-1) cutting the Bridger Peak Quartzite of the Phantom Lake Suite in 

NWX Sec. 18, T14N, R84W1 
5 mean of 8 samples from small gabbroic to pyroxenitic sill (3D) cutting Bridger Peak Quartzite of the Phantom Lake 

Suite in NWX, SWX, Sec. 14, T14N. R86W. 

6 mean of 33 samples of large gabbroic to pyroxenitic s i l l  (3F) cutting Silver Lake Metavolcanic Rocks of the Phantom 
Lake Suite in SEX, SWX, Sec. 13, T14N, R86W. 

7 mean. of 12 samples of small gabbroic sill (38) cutting Vagner  orm mat ion of Deep Lake Group in SWX, NE'X, Sec. 30, 
T14N. R86W. 

8 mean of 16 samples of small gabbroic s i l l  (3E) cutting Slaughterhouse Formation of Libby Creek Group in NWX, 
Sec. 26, T14N, R86W. 



Wt. '10 Si O2 

Figure 3.13. Geochemical plots of gabbroic rocks in the Sierra Madre; numbers referenced to Table 3.1 1. 
A. Alkali-silica plot (dashed line from MacDonald, 1968); B. A (NazO+ K20) ,  F (Fe203 + FeO), M ( M ~ O )  
diagram (dashed line from Irvine and Baragar, 1971). 



and sma1.l s i l l s  c u t t i n g  gne iss i c  basement (numbers 2, 4, 5, 6, 7 i n   able 

3.11) show a st rong s i m i l a r i t y  on bo th  p l o t s  'and 'are s i m i l a i  i n  composi- 

t i o n  t o  presumed r i f t - r e l a t e d  Ear l y  P ro te rozo i c  i n t r u s i v e s  i n  the Medicine 

Bow Mountains. 

Sample 8, the mean o f  16 samples from small  s i l l s  c u t t i n g  the 

Slaughterhouse Formation o f  the Llbby Creek Group, i s  apparent ly  unre- 

l a t e d  t o  any o f  the o the r  samples. t t  has the  h ighes t  a l k a l i  content ,  

t he  lowest s i l i c a  content ,  and conta ins normative o l i v i n e .  I t  i s  chemi- 

c a l l y  s i m i l a r  t o  d ikes which c u t  the Libby Creek Group i n  the Medicine 

Bow ~ o u n t a i n s  which a r e  presumed t o  be r e l a t e d  t o  la te -s tages o f  r i f t i n g .  

GAPS TRONDHJEM ITE 

. -  , I n t r u s i v e  i n t o  the Copperton Formation near the  defunct  town o f  

Copperton ( p l a t e  5) i s  a red, fe r rug inous,  sheared trondhjemi,te which 

appears t o  be g r a d a t i o n a l l y  re la ted .  t o  an a m p h i b o l i t i c  d ike .  This  rock  
. . 

i s  s i m i l a r  to t rondhjemites found near the  Gap i n  the Medicine Bow Moun- 

t a i n s .  I n  a d d i t i o n ,  several  small bodies o f  a p l i t e  a re  present  in a l a r g e  

metagabbro body c r o s s c u t t i n g  the Cascade Q u a r t z i t e  i n  the  eastern p a r t  

o f  P l a t e  5 which a re  a l so  s i m i l a r  t c  the  Gaps Trondhjemite (Gra f f ,  per -  

6 o n ~ 1  communication, 1380). T l ~ e  pelr'uyraphy of these rocks I S  shown i n  

F igure  2.20. We conside; these rocks i n  the  S i e r r a  Madre, 1 i ke the  Gaps 

Trondhjemites i n  the Medicine Bow Mountains t o  be d i f f e r e n t i a t e s  o f ' t h e  

gabbroic d ikes  i n  the Libby Creek Group. 



TECTONIC HISTORY OF THE S I E R R A  MADRE 

Th is  s e c t i o n  summarizes the s t r u c t u r a l  features o f  the  metasedimen- 

t a r y  rocks o f  t he  S i e r r a  Madre, compares them t o  those o f  the Medicine 

Bow Mountains, and then t r i e s  t o  r e l a t e  them t o  a  p l a t e  t e c t o n i c  model 

f o r  southeastern Wyoming. As i n  the Medicine Bow Mountains, Precambrian 

rocks of  Lhe S i e r r a  Madre can he d i v i d e d  i n t o  th ree  major s t r u c t u r a l  

te r ranes:  a  complexly deformed Archean te r rane ,  c o n c e n t r i c a l l y  f o lded  

rocks o f  t he  Deep Lake Group, and a  zone o f  v e r t i c a l  bedding f o l i a t i o n  

and f o l d  axes which a f f e c t s  rocks of  several  ages and i s  r e l a t e d  t o  the 

Cheyenne shear zone. 

P l a t e  6  i s  a  t e c t o n i c  map of. the S i e r r a  Madre which summarizes the 

major  f o l d s  and f a u l t s  and d i sp lays  lower hemisphere, equal area p ro jec -  

t i o n s  . . o f  f a b r i c  elements: bedding, f o l i a t i o n ,  ~ n d  l i n e a t i o n s .  

GEOMETRY OF FOLDS I N  ARCHEAN ROCKS 

For t h i s  d iscuss ion ,  Archean rocks di*e d i v i d c d  i n t o  two grnups.  

One cons i s t s  of  the Phantom Lake Metamorphic S u i t e  and the o the r  i s  a  

basenlent t e r rane ,  r e f e r r e d  t o  as the nor thern  complex i n  P l a t e  6, con- 

t a i  n' i  ng q u a r t z o - f e , l d s p a ~ l ~ i  c gnei s s c s ,  i r ~ ~ e i - 1  teved supracrusta 1 rncks, 

( i n c l u d i n g  the  Cont inenta l  D i v ide  Metavolcanic ~ o c k s ) ,  and g r a n i t i c  i n -  

t r r ts  i ves. 

The o l d e s t  pervasive s t r u c t u r a l  f ea tu re  i n  the S i e r r a  Madre i s  a  

g n e i s s i c  f o l  i a t i o n  (sl)  i n  the nor thern  complex rocks and a correspond- 
. . 
i ng  pene t ra t i ve  a x i a l  plane s c h i s t o s i t y  in the  PharrLom Lake Metamorphic 

S u i t e  o f  the c e n t r a l  S i e r r a  Madre. Both u n i t s  have s i rn i l -ar  f o l d  s t y l e s  



(compare sbbarea 7 w i th  11 and subarea 4 w i th  14) and they appear t o  

have been strongly deformed together so that, i n  most areas, we cannot 

prove an age difference 6ased-~n s t ruc tura l  relationships.. However? a 

few areas re ta in  indicat ions that  the northern complex i s  a basement 

which has undergone a longer and more complex s t ructura l  h i s to ry  than 

the Phantom Lake Suite. In  the Deep Gulch area, Sec. 36, T. 16 N, R. 

88 W, paraconglomerates interbedded w i th  "basement" gneisses contain 

folded.and h ighly  stretched c las ts  whereas over ly ing conglomerates o f  

the Deep Gulch Conglomerate are r e l a t i v e l y  undeformd. On r idge number 

one, Carrico Ranch, Sec. 12, T. 15 N, R. 88 W, an angular discordance 

ex is ts  between the s t r i k e  o f  f o l i a t i o n  i n  the gneisses and the basal 

Phantom Lake Suite contact. The northern complex a lso wn ta ins  in te r -  

l e a ~ e d  gneisses and remnants o f  supracrustal rocks which suggest a 

longer o r  more intense deformational history.  The d e t a i l s  o f  the ear- 

l i e r  deformations which may have produced these ear ly  f$atures i n  the 

northern complex are obscure due t o  the in tens i ty  o f  the fo ld ing  (Fl 

o f  t h i s  report) which produced the penetrative S1 f o l i a t i o n .  

S f o l  i a t i on  i n  the northern complex i s  a gneissosity tha t  s t r i kes  1 

east-west i n  the central  Sierra Madre and dips both nor th and south a t  

shallow angles. Subarea 1 has gent ly north-dipping f o l i a t i o n  folded 

i n t o  broad north-trending (F ) fo lds which are reminiscent o f  s im i la r  3 
north-trending Archean structures found i n  subarea 26 o f  the western 

Medicine Bow Mountains (Plate 3) some 30 km t o  the east. Subareas 3 

and 4 contain maxima o f  poles t o  f o l i a t i o n  which define gent ly south- 



t o  southwest-dipping planes. Subareas 5, 6, and 21 have f o l i a t i o n s  

which genera l ly  d i p  gen t l y  no r th  and, i n  subareas 7 and 8, f o l i a t i o n  i n  

the northern complex d ips a t  steeper angles (Q 45O) northwest, probably 

r e f l e c t i n g  l a t e r  (F*) deformations. 

Figure 3.14 Photograph showing hinge o f  mesoscopic Fl f o l d  i n  the 
South Spring Creek Lake area of the Central Sierra  Madre, 
Sec. 11, T.14 N., R.86W., looking west. 



S i m i l a r  geometr ies o f  p l a n a r  s t r u c t u r e s  a re  seen i n  t he  Phantom 

Lake Su i t e .  I n  subarea 14, bedding i s  p a r a l l e l  t o  S 1  s c h i s t o s i t y  and 

bo th  d i p  g e n t l y  ('L 30°) south. I n  t h i s  subarea and immediately t o  the 

n o r t h ,  i n  rocks o f  t he  Con t i nen ta l  D i v i d e  Metavo lcan ic  Rocks o f  sub- 

area 4, we have documented mesoscopic and macroscopic recumbent i s o c l i -  

n a l  f o l ds ,  o r  nappes, i n  t he  metasedirnentary rocks ( ~ i g u r e  3.14) .  

Because o f  s i m i  1 a r  geometr ies between subareas 14 and 4, thtsee.napp.es 

a re  a l s o  be l i eved  t o  be p resen t  i n  rocks o f  t he  n o r t h e r n  complex i n  t he  

cen t ra l '  S i e r r a  Madre and we i n t e r p r e t e d  t he  subho r i zon ta l  S, g n e i s s o s i f y  

i n  t he  no r the rn  complex t o  be r e l a t e d  t o  nappe - l i ke  f o l d i n g .  

The nappe system i n  the Phantom Lake S u i t e  i n  the c e n t r a l  S i e r r a  

Madre i s  named the  Rudefeha Sync1 i no r i um ( P l a t e  6)  because: we be1 i eve  

t he  Phantom Lake S u i t e  t o  be a s y n c l i n a l .  s -upracrusta l  successi:on. whi'ch 

l i e s  on an o l d e r  n o r t h e r n  complex "basement"; our  p resen t  s t r a t i g r a p h i c  

i n t e r p r e t a t i o n  ( P l a t e  5) w i t h i n  t he  Phantom Lake S u i t e  suggests a gen- 

e r a l  s y n c l i n a l  c o n f i g u r a t i o n ;  and t o p  and bot tom c r i t e r i a  i n  t he  meta- 

sedimentary rocks a r e  g e n e r a l l y  c o n s i s t e n t  w i t h  such. a s t r u c t u r e .  How- 

ever ,  t h e r e  must be many more megascropic f o l d s  i n  t h e . c e n t r a 1  a rea  

than we have mapped and shown i n  P l a t e s  5 and 6. 

Mapping i n  the  west and nor thwest  S i e r r a  Madre revea l  e q u a l l y  com- 

p l e x  isoc1, ina l  f o l d  systems. P la tes .  5 an.d 6 show t h a t  these s t r u c t u r e s  

can be viewed as a westward ex tens ion  o f  the  Rudefeha Sync l i no r i um and 

t h a t  t h e  o v e r a l  1 s t r u c t u r a l  s t y l e . o f  t he  Phantom Lake S u i t e  i s  t h a t  o f  

a warped sync l i no r i um t h a t  t rends  east -west  i n  c e n t r a l  S i e r r a  Madre, 



nor th -south  i n  t he  western S i e r r a  Madre, and northeast-southwest i n  the 

nor thwest  S i e r r a  Madre (F igure  3.15). I n  subarea 13 ( p l a t e  6 ) ,  So and 

S d i p  g e n t l y  west and except f o r  t h i s  change i n  t rend  have the same 
1 

geometr ic p a t t e r n  (a s imple maxima) seen i n  subarea 14. 

The Rudefeha Sync l inor ium and four  o r  more i n t r a l i m b  f o l d s  east  o f  

t h e  t r a c e  of the main a x i a l  p lanc  of the 'syncl ' inor ium appear t o  be t run -  

ca ted  t b  the norrh a g a i r ~ s t  the Vulcan Mountain F a u l t  ( ~ l , a t e  6 ) .  A sim- 

i l a r  sync l i no r i~ rm,  the  D iv ide  Peak Syncl inor ium (F igure  3.15) appears t o  

the  nor thwest  and our  s t r a t i g r a p h i c  i n t e r p r e t a t i o n  ( p l a t e  5) suggests 

t h a t  t h i s  i s  a nor thwestern extension o f  the warped Rudefeha Syncl inor ium. 

Bedding and S 1  f o l i a t i o n  genera l l y  s t r i k e  nor theas t  i n  subareas 9, 10, 1 1 ,  

and 12 a l though the re  1s a l s o  r e - d i s t r i b u t i o n  o f  poles about l a t e r  west- 

and nor thwest-  p lung ing  f o l d  axes. As mentioned e a r l i e r ,  the s i ~ n i l a r i t y  

i n  f o l d  .geometries between subareas 5 and 10 and between subareas 7 and 

. I 1  and 8 arid 12 i n d i c a t e  t h a t  t he  Phantom Lake Metamorphic Sulee and t.tlt: 

no r the rn  complex gneisses were deformed together  i n t o  the  (Fl) D i v ide  

Peak Syncl inor ium. . . 

F f o l d i n g  appears t o  have been synkinematic w i t h  i n t r u s i o n  o f  the 
1 

Spr ing Laltc Granod io r i t e  which r.rns5r.11ts an F f o l d  i n  the area of  North 1 

Spr ing  Creek Lake but  a l s o  possesses an F f o l i a t i o n  i n  t h i s  area and i s  
1 

invo lved i n  F, f o l d s  i n  the ~ a r r i c o ~ a n c h  area o f  the  nor thwestern S i e r r a  
L 

  ad re. Th i s  suggests t h a t  F, f o l d i n g  took p lace about 2700 m.y. ago. 

. . Subsequent deformat ions i n  the  nor thwestern S i e r r a  Madre formed 

nor thwest  (F2) and nor theas t  (F  ) i n t r a l i m b  fo lds .  F2 i s  the  prominant 
3 
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mesoscopic f o l d  s t r u c t u r e  seen i n  t he  nor thwes t  S i e r r a  Madre, as shown 

by l i n e a t i o n s  i n  subareas 7 ,  8, 9, 1 1 ,  12. T h i s  F f o l d i n g  i s  a l s o  re -  2 

spons ib l e  f o r  t h e  warp ing  o f  the  e a r l y  F s y n c l i n o r i u m  i n  the  Phantom 1 

Lake S u i t e  and t h e  g n e i s s o s i t y  i n  t h e  n o r t h e r n  complex. Evidence f o r  

t h i s  i n t e r p r e t a t i o n  i s  t h a t  maxima o f  po les  t o  S and S 1  f rom subareas 
0 

3-7, 9, 10, 13-15, f a i l  on a  g i r d l e  d e f l n l n y  a w e s t -  to no r thwcs t -  

p l u n g i n g  ( F  ) f o l d  a x i s  (F igu re  3.16).  F a l s o  caused r e d i s t r i b u t i o n  2 2 

o f  p o l r c  t o  So and S l  su r faces  i n  many o f  the subareas o f  the  n o r t h e r n  

comp 1 ex. 

F i g u r e  3.16. Synopt i c  diagram o f  cen te rs  o f  maxima o f  po les  t o  surfaces 
f rom subareas 3-7, 9, 10, 13-15 o f  P l a t e  6 .  Maxima f a l l  
on a  g i r d l e  d e f i n i n g  a  wes.t p l ung ing  F2 f o l d  a x i s .  . 
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F chevron folds near Deep Gulch. These folds are  on the 
oJerturned limb o f  an F1 fo ld .  



GEOMETRY OF FOLDS I N  PROTEROZOIC ROCKS 

Seven a n t i c l i n e s  and syncl ines are present i n  the Proterozoic Deep 

Lake Group o f  the southwestern S ie r ra  Madre (subareas 16 and 17 o f  P la te  

6; and Spencer, 1904, p. 25). We re fe r  t o  these fo lds as F4 a1 though 

they could be contemporaneous w i t h  F fo lds.  F4 fo lds  plunge about20- 
2 

30 degrees west-southwest and are general ly  open concentr ic fo lds ,  w i t h  

I n te r l imb  angles of ~ P S S  than 90 deqreas. these fo lds become overturned 

as one approaches the Cheyenne shear zone. F4 folds are intruded by gab- 

broic s i l l s  and phacol i ths and th is ,  combined w i t h  t h e i r  concentr ic s t y l e  

and northeast t rend makes them appear t o  be analogous t a  F2 f o lds  i n  the 

Deep Lake Group o f  the Medicine Bow Mountains (Table 3.12). 

A major s t r uc tu ra l  dichotomy separates the Deep Lake Group from the 

Phantom Lake Meramorphic Suite. This i s  p a r t i c u l a r l y  evident i n  the area 

o f  Dexter Peak (compare subareas 13 and 16, P la te  6)' and 5 s soltie of our 

best  evidence f o r  an unconformity between the Magnolia Formation o f  the 

Deep Lake Group and the Phantom Lake Metamorphic Suite. This dichotomy 

i s  less obvious t o  the east due t o  overpr in t ing o f  younger f o l d  systems. 

The youngest s t r uc tu ra l  pat tern (here ca l led  F ) i s  v e r t i ~ a l  bedding 5 
and f n l i a t i o n  and subvert ical  f o l d  axes seen adjacent t o  the Cheyenne 

shear zone. This pat tern a f f ec t s  rocks o f  several ages: Archean, northern 

complex racks i r ~  subarea 2, P h a r ~ ~ v r ~ ~  Lake Sui tc rasks i n  subarea 15, Deep 

Lake Group rocks i n  subarea 18, Libby Creek Group rocks i n  subarea 19, and 

rocks south o f  the shear zone i n  subarea 20. These subvert ical  s t ruc tu ra l  

pat terns are s im i l a r  t o  the F /F st ructures seen i n  the Libby Creek Group/ 3 5 



Deep' Lake Group rocks c lose  t o  the  shear zone and i n  rocks south of  t he  

shear zone i n  the  Medicine Bow Mountains œ  able 3.12). 

TABLE3.12. COMPARISON OF TECTONIC EVENTS BETWEEN THE SIERRA MADRE AND MEDICINE BOW 
MOUNTAINS. 

MEDICINE BOW MOUNTAINS 

F1 - isoclinal folding of Phantom Lake Suite, possible 
contemporaneous with intrusion of Baggot Rocks - 
type granite 

F2 - northeast - southwest concentric folding of 
Deep Lake Group, followed by intrusion of 
gabbroic sills 

F3 - west - plunging folds in Deep Lake Group 

F1 - thrusting in Libby Creek Group, rotation 
to vertical attitudes, development of vertical 
foliations in rocks south of shear zone 

SIERRA MADRE 

F1 - formation of nappes in Phantom Lake Metamorphic 
Suite and northern complex gneisses - and synkinematic 
intrusion of Spring Lake Granodiorite -2700 m.y. 

F2 - warping of Phantom Lake Suite synclinorium and 
development of west - plunging structures, possibly 
contemporaneous with intrusion of Baggot Rocks - type 
oranite - 75nn m \I 

F3 - north-northeast - trending intralimbchevron folds 
in Phantom Lake Suite 

F4 - northeast - southwest concentric folding of Deep 
Lake Group, followed by intrusion of gabbroic sills 

Fs - thrusting, rotation of thrusts to vertical attitudes, 
development of vertical foliation in rocks south of shear 
zone, major metamorphism 

. . F4 IFz - n&thwest warping in Deep Lake 
GroupILibby Creek Group 

Fs IF3 - vertical rotations associated with 
movement on shear zone 

FAULTS 

There are  a v a r i e t y  o f  f a u l t s  represent ing  d i f f e r e n t  s t y l e s  o f  move- 

ment and ages o f  deformation i n  t he  S i e r r a  Madre. Only the  most impor- 

t a n t  o r  i rominent  f a u l t s  are shown'on ~ l ' a t e  6. Many more are undoubtedly 

p rcscnt  bu t  a re  obscured by yol.lngar racks. 

One o f  t he  more prominent f a u l t s  (21 though completely covered by 

cendzoic sediments, P la te  5) i s  the  ~ a v e r y  Creek Fau l t .  The f a u l t  t rends 

northwest-.sout'heast from the  northwest boundary,of  the  range t o  Cow Creek 

where i t  i s  o f f s e t  by an Ear ly  P ro te rozo i c  normal f a u l t .  The Savery 

Creek Faul t 'may cont inue southeast bu t  i t  i s  o v e r l a i n  by rocks i n  the 

457 



hanging w a l l  o f  t h e  Q u a r t z i t e  Peak F a u l t .  The Savery Creek F a u l t  

shows approx i  h a t e l y  2600 meters o f  l e f t -  1 a t e r a l  movement o f  t h e  Archean 

rocks  o f  t h e  D i v i d e  Peak Sync l inor ium;  b u t  Deep Lake Group s t r a t a  a r e  

d i s p l a c e d  o n l y  a  few hundred meters.  The Rudefeha Sync1 i no r i um as we1 1 

as o t h e r  F1 s t r u c t u r e s  a r e  a l s o  d i sp laced ,  p l a c i n g  t h e  major  movement 

o f  t h e  f a u l t  between 2700 m.y. and d e p o s i t i o n  o f  t h e  Deep Lake Group 

sometime a f t e r  2500 m.y. Post-Deep Lake Group l e f t - l a t e r a l  movement i s  

i n t e r p r e t e d  t o  be a post-Archean r -e -ac t i va t i on  a long  t h e  e a r l i e r -  f a u l t  

t r a c e .  V ine  and P r i c h a r d  (1959) a l s o  r e p o r t e d  s u b s t a n t i a l  T e r t i a r y  

movement and a few meters o f  l a t e  Cenozoic, v e r t i c a l  movement a long  

t h i s  f a u l t  a t  t h e  wes te rn  edge o f  t he  s tudy  area ( p l a t e  6 ) .  

The Vulcan Mountain F a u l t  i s  a  l a r g e  reverse  o r  t h r u s t  f a u l t  a t  

t h e  base o f  t h e  Phantom Lake Metamorphic S u i t e  i n  t he  eas te rn  p a r t  o f  

t h e  range. T h i s  f a u l t  merges w i t h  t h e  .Savery Creek F a u l t  f o r  p a r t  o f  

. , 

i t s  l eng th .  I n  t h e  Dexter  Peak area t h e  Vuican Mountain F a u l t  separates 

t h e  D i v i d e  Peak Sync l i no r i um f rom t h e  r e s t  o f  t h e  Phantom Lake rocks.  

The Vulcan Mountain F a u l t  i s  i n t r u d e d  by metagabbro and o f f s e t  by sev- 

e r a l  normal f a u l t s .  One o f  these i n t r u s i v e  bodies forms a l a r g e  s i l l  

wh ich  i s  o f f s e t  by t h e  Savery Creek F a u l t ,  suggest ing t h a t  t h e  Vulcan 

Mountain F a u l t  i s  p robab ly  o l d e r  than t h e  Savery Creek F a u l t .  A maxi- 

mum age f o r  t h e  Vulcan Mountain F a u l t  canbe.determined f rom t h e  youngest 

rotks i t  dlsplsccs -- rhc 2700 m,y, o l d  Spr ing  Lake Granodiur iLe.  

Several  normal f a u l t s  have been mapped i n  t he  range ( P l a t e  6 ) .  

Three o f  those  f a u l t s  c u t  t he  Deep Lake.Group rocks i n  t he  southwest 

p a r t  o f  P l a t e  6,  t e rm ina te  aga ins t  t h e  Q u a r t z i t e  Peak F a u l t  and have 



been in t ruded  by maf ic  rocks. Hence, these f a u l t s  a re  probably Ea r l y  

Pro terozo ic  i n  age.. Three o the rs  cu t  the  Libby Creek Group and two o f  

them a l s o  d isp lace the  S i e r r a  Madre Grani te.  These f a u l t s  a re  Middle 

Pro terozo ic  o r  younger. One la rge  Archean normal f a u l t  has been i n -  

f e r r e d  on the northernmost edge o f  the  ~ i v i d e  Peak Syncl inor ium, where 

p a r t  o f  the  sec t i on  i s  repeated. I t  has been i n t ruded  by a l a r g e  ma f i c  

s i l l  s i m i l a r  t o  the la rge  'Archean s i l l s  which have been o f f s e t  by the 

Savery Creek Fau l t .  Another Archean ( ? )  normal f a u l t  i s  on the  eas t  

edge o f  the  Spring Lake Granod io r i t e  i n t r u s i o n  i n  subarqa 12. 

Two la rge  f a u l t s ,  t he  Q u a r t z i t e  'peak Fau l t  and the  Hidden Treasure , 

F a u l t  ( p l a t e  6 )  1 i e  a t  the  base o f  the Copperton and Slaughterhouse ' 

Format ions respec t i ve l y .  These f a u l t s  were mapped as major reverse 

f a u l t s  by Gra f f  (1978). We agree, and by analogy t o  si'mi l a r  f a u l t s  i n  

t he  Medicine Bow Mountains, consider  them t o  be ro ta ted ,  o r i g i n a l l y  sub-' 

ho r i zon ta l - ,  t h r u s t  f a u l t s .  Evidence f o r  t h i s  i n t e r p r e t a t i o n  i s  that '  t he  

f a u l t s  a re  genera l l y  p a r a l l e l  t o  beddi'ng and t h a t  they a t tenuate  the  

s t r a t i g r a p h i c  succession. More than two k i l ome te rs  o f  t he  Libby Creek 

Group and up t o  1 k i l ome te r  o f  t he  Deep Lake Group are miss ing  i n  the 

*- 

e,asrern S'lerra Madre due t o  iiiolienient a l o n g  these f a u l t s .  [he major 

shear zone i n  the s i e r r a  Madre, t he  Cheyenne shear zone, ( p l a t e  6) ap- 

pears t o  be the  western ex tens ion  o f  t he  Mul len Creek Nash Fork shear 

zone o f  the  Medicine Bow Mountains.' Maj'or geo log ic  and beochrono.logic 

d i s c o n t i n u i t y  across t h i s  shear zone here, as i n  the  Medicine Bow Moun- 

t a i n s ,  suggests l a rge  movements across t h i s  f a u l t  zone. 



SUGGESTED SEQUENCE OF EVENTS 

1. D e p o s i t i o n  b e f o r e  2700 m.y. ago o f  p r o t o l i t h s  o f  b i o t i t e - p l a g i o c l a s e  

gne iss  (may i n c l u d e  Archean metasedimentary and m e ~ a v o l c a n i c  rocks 

u n d i v i d e d  and t h e  Cont inent ,a l  D i v i d e  Metavo lcan ic  Rocks). 

2. Deformat i on  o f .  b i o t i  t e - p i a g i o c l a s e  gneiss ar~d Ti. l t~-usian o f  quar tzo-  

f e l d s p a t h i c  gne isses  as w e l l  as some o l d e r  red  g ran i . tes ,  age perhaps 

2900 m.y. 

3. Depos i t i on  o f  t h e  Phantom Lake Metamorphic S u i t e ,  age > 2700 m.y. 

4 -  F1 de fo rma t i on  and i n t r us i ! on . .  o f  t he  Spr ing  Lake Granod io r i t e ,  age 

2700 m.y. 

5. Movement on Vulcan Mountain F a u l t ,  age 2500-2700 m.y. 

6 .  F2 and F  de fo rma t i on  and i n t r u s i o n  o f  Baggot Rock-type g r a n i t e ,  
3  

age 2500 m.y. 

7. I n t r u s i o n  o f  l a r g e  m a f i c  s i l l s ,  age 2500 m.y. 

8. Major  movement on Savery Creek F a u l t  , age 2500 m.y. 

9 ,  Depos i t i on  o f  Deep Lake Group, age 2000-2500 m.y. 

10- F4 f o l d i n g ,  normal f a u l t i n g ,  and i n t r u s i o n  o f  m a f i c  rocks,  age 

2000 m.y. t o  2500 m.y. 

1 1 .  Depos i t i on  o f  Lower L ibby Ci-eek Group, age 2000 t o  2500 rn-y. 

12. I n t r t 1 5 i n n  sf Gaps Trondh jemi,te and r e l a t e d  m a f i c  rocks,  age 2000 r11.y 

13 .  Depos i t i on  o f  Upper L ibby Creek Group, age 1700 t o  2000 m.y. 

14. Thrus t  f a u l t i n g  i n  L lbby Creek Group and I n  rock5 south O F  shear 

zone, age 1760 t o  2000 m.y. 

15. Last  ma jo r  movement on t h e  shear zone, age 1640 t o  1735 m.y: 

16. l n t r u s i o n  o f  S i e r r a  Madre Gran i t e ,  age 1000 t o  1700 m.y. 



COMPARISON OF TECTONIC EVENTS IN THE SIERRA MADRE AND MEDICINE'BOW 
MOUNTA l NS 

Table 3.12 summarizes o u r  c o r r e l a t i o n  o f  t e c t o n i c  events  between t h e  

S i e r r a  Madre and Medic ine Bow Mountains. Archean events  a r e  b e t t e r  

documented i n  t h e  S i e r r a  Madre .and because o f  more complete p r e s e r v a t i o n  

o f  t h e  L ibby  Creek Group, P r o t e r o z o i c  t e c t o n i c . e v e n t s  a r e  b e t t e r  docu- 

mented i n  t h e  Medic ine Bow Mountains. 

The most s t r i k i n g '  p a r a l l e l s  between t h e  two ranges a r e  f o l d  s t y l e s  

i n  P r o t e r o z o i c  rocks :  1) t h e  s i m i l a r  NE-SW c o n c e n t r i c  . f o l d s  i n  t h e  

Deep Lake Group, which i n  b o t h  ranges, a r e  c rosscu t  by gabb ro i c  i n t r u s i v e s ;  

2) t h e  presence o f  major  reverse  f a u l t s  ( t h r u s t s )  a t  t h e  base o f  t h e  

lower  and upper L ibby  Creek Groups i n  b o t h  ranges; and 3)  t he  f a c t  

t h a t  L ibby  Creek Group rocks,  rocks south o f  t h e  shear zone, and a l l  

o l d e r  rocks ad jacen t  t o  t h e  shear zones' e x h i b i t  s u b v e r t i c a l  bedding and 

f o l i a t i o n  t r ends  wh ich  s t r i k e  p a r a l l e l  t o  t h e  shear 'zones.  These s i m i -  

l a r i t i e s  i n d i c a t e  s i m i l a r  s t r u c t u r a l  . h i s t o r i e s  f o r  P r o t e r o z o i c  metasedi-  

mentary rocks i n  b o t h  ranges. 

TECTONIC 'MODEL FOR DEFORMATION OF METASEDIMENTARY ROCKS IN THE:SIERRA 
MADRE 

The s i m i l a r i t i e s  i n  s t r u c t , u r a l  s t y l e s  between P ro te rozo i c  metasedi-  

mentary rocks i n  t h e  S i e r r a  Madre and Medic ine Bow Mountains s t reng thens  

ou r  i n t e r p r e t a t  i o n  t h a t  P r o t e r o z o i c  deformat ions i n  sdut'hern Wyoming 

were r e l a t e d  t o  r e g i o n a l  s t r esses  generated by p l a t e  marg in  t e c t o n i c s :  

. r i f t i n g  fo l lowed by c o l l i s i o n a l  orogenesis  about 1700 m.y. ago. T h i s  
. . 

model i s  d iscussed i n  d e t a i l  i n  e a r l i e r  sec t i ons  on t h e  Medic ine Bow 



Mountains (see F i g u r e  2.22 and 2.27) and need n o t  be r e i t e r a t e d  here  ex- 

cep t  t o  n o t e  some impo r tan t  d i f f e r e n c e s  i n  t e c t o n i c  s e t t i n g  between t he  

two ranges. 

Trend o f  t h e  Cheyenne shear zone changes f rom n o r t h e a s t ,  i n  the  

Med ic ine  Bow Mounta ins,  t o  west -nor thwest  i n  t he  S i e r r a  Madre, a  bend 

o f  some 120-140 degrees. Th i s  change i n  s t r i k e  combined w i t h  sedimentary 

ev idence  f o r  miogeocl  i n a l  (pass ive  p l a t e  marg in)  depos i t  i o n  and the 

presencp nf preslrmably r i f t - r e l a t e d  t l i ~ l e i  i t i c  s i  11s c u t t i n g  t he  metssedi -  

ments, suggests t o  us t h a t  t he  p resen t  t r e n d  o f  t h e  shear zone i s  the  

approx imate o r i g i n a l  shape o f  t h e  r i f t - f o r m e d  marg in  o f  t h e  southern 

Wyoming p rov ince .  T h i s  shape i s  remin iscen t  o f  t r i p l e  j u n c t i o n s  so we 

p o s t u l a t e  a  t h i r d ,  and f a i l e d  arm o f  t h e  r i f t  t r e n d i n g  sou th  i n t o  t h e  

h y p o t h e t i c a l  r i f t - b l o c k  (F igu re  2.22). Th i s  i n t e r p r e t a t i o n  he lps  e x p l a i n  

t h e  p r e s e r v a t i o n  o f  P ro te rozo i  c  metased imentary rocks.  The Deep Lake and 

L ibby  Creek Group a r e  preserved i n  t he  success fu l  arms o f  the  r i f t  bu t  

a r e  absent n c s r  t he  t r i p l e  j u n c t i o n ,  w h i c h  w n ~ ~ l r i  have been a tuyuyraP l l i c  ' 

h i g h  d u r i n g  r i f t i n g  ( ~ u r k e ,  1980) and consequent ly  would n o t  have accumu- 

l a t e d  as much sediment as the  grabens a long  t h e  r i f t  arms. A lso ,  t he  

a r ca  o f  the  t r i p l e  j u n c t i o n  forms a so1.1th-protruding sad ien t  t o  t he  

sou thern  Wyoming Prov ince  and i t  Seems reasonable t o  p u s t u l a t e  t h a t  de- 

fo rmat  i o n  would have been most I n tense  I.ler,e d u l l  1.19 irnpingemcnt o f  t he  e i  s l and  

a r c ( s )  about 1700 m.y. ago and l e s s  i n tense  i n  t he  more p r o t e c t e d  r i f t  

bas ins  t o  t h e  n o r t h e a s t  and t o  t h e  west.  

S t r u c t u r a l  da ta  a l s o  suppor t  t he  t iyputhes is  t h a t  the a rea  batween 

t h e  two ranges was a s a l i e n t  which exper ienced more i n tense  de fo rmat ion  



. 5 . . , .  

then the  adjacen.t areas. The Deep Lake' Group i n  ' the '  S ie r ra  Madre 

i s  t h i c k e s t  and best  preserved i n  the  extreme western p a r t  o f  t he  

range and i t  i s  on l y  i n  t h i s  area that. the  Deep Lake Group rocks 

r e t a i n  open, concent r ic  f o l d s  s i m i l a r  t o  f o l d s  i n  t h e M e d i c i n e  Bow 

Mountains which we be l i eve  t o  have formed dur ing  r i f t i n g .  However, 

i n  the  cen t ra l  and. eastern. areas of the s i e r r a  Madre, Deep.Lake Group 

rocks are t e c t o n i c a l l y  th inned and ove rp r in ted  by v e r t i c a l  bedding 

and f o l i a t i o n  pa t te rns  which appear t o  be r e l a t e d  t o  c o l l i s i o n a l  . 

orogenesis i n  the  Medicine Bow Mountains. Simi lar l .y ,  Libby Creek 

Group rocks are  t h i c k e s t  i n  the  western . . S i e r r a  Madre and disappear'  

t o . t h e  east  as one approaches the t r i p l e  j unc t i on .  I n  add i t i on ,  

Archean gne iss i c  rocks i n  the area o f  t h e - t r i p l e  j u n c t i o n  ( s a l i e n t )  

i n  both the  S i e r r a  Madre and ~ e d ' i c i n e  Bow Mountains e x h i b i t  s t r u c t u r a l  

' 

. , s t y l e s  . (P la tes  3 and 6 )  which are  i d e n t i c a l  t o  those found i n  the  

Libby Creek Group and i n  rocks south o f  t he  major shear zones. This 

i s  s t rong evidence t h a t  t h e  Archean b lock  between the  two ranges was 

deformed p l a s t i c a l l y  i n  response t o  the same orogenic st resses which 

formed v e r t i c a l  f o l i a t i o n s  i n  rocks south o f  the shear zone, and ro ta -  

ted  Libby Creek Group rocks, and the  i n f e r r e d  subhor izonta l  t h r u s t  

f a u l t s ,  t o  v e r t i c a l  p o s i t i o n s .  A l l  o f  these s t ruc tu res  are compati- 

b l e  w i t h  the  hypothesis o f  c o l l i s i o n a l  orogenesis about 1700 m.y. ago. 



DETAILED DESCRIPTION OF URANIUM-BEARING ROCKS I N  THE S I E R R A  MADRE DEEP 

GULCH CONGLOMERATE 

STRAT l GRAPtlY OF THE DEEP GULCH CONGLOMERATE 

The Deep Gulch Conglomerate i s  an in formal  l i t h o l o g i c  u n i t  w i t h i n  

t h e  lower Jack Creek Q u a r t z i t e .  The u n i t  i s  named f o r  t he  exposures i n  

Deep Gulch l oca ted  i n  Sec. 36, T. 16 N., R. 88 W. and Sec. 31, T. 16 N., 

R. 87 W. The bes t  exposures a r e  i n  the  NEt Sec. 12, T. 15 N., R .  88 W. 

( ~ i d g e  1 ,  C a r r i c o  ~ a n c h )  . T h ~ s  sec t i on  discusses the s t r a t i g r a p h y  and 

1 i tho fac ies  v a r i a t i o n  of  t h e  u ran i fe rous  Deep Gulch Conglomerate and 

oLt~er III~UI 111cl1 u ~ i i  t~ c ~ f  t h e  IOWCP JOCIC Croolt Q u a r t z i t e .  

The Deep Gulch Conglomerate i s  de f ined t o  inc lude the r a d i o a c t i v e  

metasedimentary rocks which d i r e c t l y  o v e r l i e  e i t h e r  Archean gne iss i c  

"basement" rocks o r  non- rad ioac t ive  b i o t i t e  q u a r t z i t e  i n  the  northwest- 

e r n  S i e r r a  Madre. The upper contac t  o f  the  Deep Gulch Conglomerate i s  

t he  uppermost quar tz-pebble conglomerate d i r e c t l y  o v e r l y i n g  the h i g h l y  

r a d i o a c t i v e  conglomerates w i t h i n  U n i t  3 ( ~ i g u r e  3.23 ) ;  t h i s  conglom- 

e r a t e  may o r  may n o t  be rad ioac t i ve .  The lower cur l tact  i s  he1 ieved t o  

be: 1 )  an angular  unconforrni ty between the  r a d i o a c t i v e  metasedimentary 

rocks and b i o t i t e  p lag ioc lase  gneiss, o r  2) .a d isconformi ty  between the 

r a d i o a c t i v e  metasedimentary rocks and s l i g h t l y  o l d e r  medium-grained 

. b i o t i t i c  q u a r t z i t e s .  

. I n  the  C a r r i c o  Ranch area t h i s  unconformity between the  Deep Gulch 

Conglomerate and gnei s s i c  "basement" i s  in t ruded by metagabbroic s  i 1 l s 

and i s  n o t  d i r e c t l y  observable. However, f o l i a t i o n  i n  the  .under ly ing 

gneiss s t r i k e s  N 25 E whereas bedding i n  the  r a d i o a c t i v e  metasedirnents 

s t r i k e  N 60 E ( ~ i ~ u r e  3.18 ) .  A t  Deep' Gulch the  contac t  re la t ' ionsh ips  

a,re we1 1 exposed but  s t  i 1 1  enigmatic.  Here, gne iss i c  rocks grade "up" 

i n t o  b i o t i t i c  q u a r t z i t e s  which appear t o  be i n  sharp contac t  w i t h  

,464 



muscovi te -bear i  ng, rad ioac t ive ,  subarkose and arkose o f  t h e  Deep Gulch 

Conglomerate. The lower contact  o f  the  Deep Gulch Conglomerate i s  mapped 

a t  t h i s  contact  between b i o t . i t i c  and muscov i t i c  q u a r t z i t e s .  Fai-ther 

nor theast ,  i n  the Manning Ranch area the  lower contac t '  i s  no t  exposed. 

As shown i n  the  index map of P l a t e  7 ,  the  Deep Gulch Conglomerate 

crops ou t  i n  the northwest S i e r r a  Madre i n  an arcuate t rend  (about 13 

km long) from Car r i co  Ranch t o  Joes park. S im i la r  conglomerates crop 

o u t  t o  the' south, on Dexter Peak, and, ' t o  the  east ,  on D iv ide  Peak, but 

these conglomerates are  no t  discussed here. 

!'Basement1' Cnei 3s end Hctasadiments 

. The "basement" i n  the  northwestern S i e r r a  Madre i s  composed o f  

paragnei ss , amphi bol i tes  and paraconglomerates ( ~ r a f f ,  1978; Gwinner , 

1979; D iv i s ,  1976). The term basement i s  used here t o  denote the  rocks 

. .. which we be l i eve  unconformably u n d e r l i e  the  Phantom Lake Metamorphic 
. . 

Sui te.  . The paragneiss i s  composed o f  quartz ,  b i o t i t e  and p lag ioc lase 

and may represent metamorphosed v o l c a n i c l a s t  i c  sediments ( ~ i v  i s, 1977). 

Th is  l i t h o l o g y  c o n s t i t u t e s  the  major rock  type o f  the  basement. 

Amphibol i tes are  medium-grained amphibole s c h i s t s  which a re  l a t e r -  

a1 l y  d iscont inuous i n  outcrop and may repsresent e i t h e r  metavolcanics dr . 

metamorphosed maf ic  s i l l s . ,  Paraconglomerates a re  a l s o  l a t e r a l l y  d i s -  

cont inuous and cons is t  o f  deformed (s t re tched and fo lded)  g r a n i t i c  cob- 

b les  and pebhles i n  a q1.1at-tz-rich .amphihol i t i c .  ma t r i x .  

B i 0 t . i  t e  Q u a r t z i t e  

. . The o ldes t  metasedimentary u n i t  above the  "basement" . i s  a l e n t i c u -  

l a r  b i o t i t e  q u a r t z i t e  u n i t  which under l i es  the  Deep Gulch Conglomerate 

i n  th ree areas: d r i l l  holes SM-2D, JP-3, and the  Deep .Gulch area. 



EXPLANATION 

MAFlC IGNEOUS ROCKS: Mafic sills and dikes ranging from massive gabbro and 
diabase to foliated amphibolite. 

INTRUSIVE CONTACT 

UNlT 4: Arkose to subarkose, pink, medium- to coarse-grained; planar-crossbedded, 
massive, well-sorted. Underlain by massive, pink, well-sorted, medium-grained 
arkose (4a). 

UNlT 3: Suharkas~, light pink, very coarse-grained to granular; plane-bedded, 
Includcs 16 to 76 om thiolc bod0 of homatito ctainod, pyritici radioactive, 
Y U ~ I  L~-pe[JbIe C O I ~ ~ ~ O I . V I C ~ . ~ ~ ~ .  Overlain by plane-bedded coarse-grained to 

w granular subarkose. Individual conglomerate beds are labeled G through L. 
I, J and K ale s l ~ u ~ ~ y l y  ~di l i~acl ive. 

UNlT 2: Arkose to subarkose, muscovitic, light gray, coarse-grained to granular; 
abundant small-scale trough crossbeds, slightly pyritic. Includes thin beds of 
quartz-pebble (qp) and arkosic (acgl) conglomerates. lnterbedded with light 
gray very muscovitic coarse-grained subarkose (2m). Mildly radioactive 
conglomerates are labeled E and F. 

CL 

qq UNlT 1: Arkose to subarkose, m~~scovitic, light gray, coarse-grained to pebbly; 
poorly sorted, scattered K-feldspar pebbles. Includes thin beds of quartz- 
granule (qg), quartz-pebble (qp) and arkosic (acgl) conglomerates. lnterbedded 
with very muscovitic, light gray coarse-grained arkose ( lm ) .  Sliyhtly radioaclive 
conglomcrotcsorc lobclcd A through D: C is a modoratoly radioactive K-feldspar 
and quartz-pebble conglomerate. 

UMCOMFORMITY 
RlnTlTF OllARTZ PI-AGIOCLASE GNEISS: medium grained. 

--- Lithologic contact, dashed 
where uncertain 

Outcrop boundary 

U ---- Inferred fault with 
D relative movement 

Fining-; coarsening- 
upward sequences 

Planar crossbeds 
. . . . . . . . . . . . . . . . . . . . . . . . . . . Conglomerate horizon 

r ~ r 3 ~ ~  Trough crossbeds 
-. Congloniera ie IIUI i ~ u t ~  ptojec~ed 

to map surface. 
(4 Sample transects 
L 

3Gyi4?b, Strike and dip of 
bedding; overturned s"-2 Drill hole with bearing, 

1x7 fi plunge, total depth, and 
Strike and dip of foliation /z. (151") lithologic contacts projected 

'm to map surface. 

Explanation for the plane-table map and cross section of Ridge 1, 
. Carrico Ranch (figures 3.18 and 3.19). 
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Table 3.13 presents the  c h a r a c t e r i s t i c s  of the  b i o t i t e  q u a r t z i t e  i.n 

outcrop, d r i l l  core and t h i n  sec t ion .  The u n i t  i s  more c l o s e l y  r e l a t e d  
. . 

t o  the  Deep Gulch Conglomerate than t o  basement rocks, I t  i s  no t  as 

severely  deformed as the basement an'd i t  appears t o  be composed o f  sed i -  

ment der ived from the  under ly ing  paragneiss. However, the  b i o t i t e  

q u a r t z i t e  appears t o  be separated from the  Deep Gulch Conglomerate by 

a  d isconformi ty ,  which i s  evidenced by i t s  l e n t i c u l a r  d i s t r i b u t i o n  and 

the  sharp con t ras t  i n  1 i tho1,ogies and r a d i o a c t i v e  s ignature  across the  

contac t  i n  Deep Gulch and i n  d r i l l  ho les SM-2D and JP-3. 

Deep G I I I  r h  Cnng lnmerat~ 

The Deep Gulch Conglomerate i s  d i v i d e d  i'nto: th ree  in fo rmal  u n i t s ,  
. . 

each o f  which i s  d i s t i ngu i shed  by petrography, sedimentary bedforms 

and r a d i o a c t i v i t y .  The main fea tu res  o f  each u n i t  observed i n  outcrops 

a r e  summarized i n  Table 3.13 

'I . 
U n i t  1 .  U n i t  1 i s  a  poo r l y  sor ted  muscovi t ic  a rkos i c  t o  sub- 

a rkos i c  conglomerate, i n t e r p r e t e d  t o  be a  g r a n i t i c  gruss which was 

t ranspor ted  a  shor t  d is tance and has been reworked by f l u v i a l  processes. 

K-feldspar c l a s t s  which range from 8  t o  15 mm i n  diameter occur i n  

U n i t  1 and the  occurrences o f  such l a rge  K- fe ldspar  g r a i n s  may i n d i c a t e  

t h a t  the source area was nearby (Pit tman, 1969). The f i r s t  f i v e  meters 

o f  .sediment ,a t  Ridge 1 ,  ~ a r r i c o  Ranch above the  gabbroic  s  i 1 1 ( ~ i g u r e  

3.23) a re  very poo r l y  sor ted and con ta in  on l y  one o r  two recognizable 

sedimentary. fea tures .  Above t h i s  zone s o r t i n g  becomes b e t t e r  and 

f i n i n g -  and coarsening-upward sequences, l a g  g rave l s  and r a r e  t rough 

crossbedding a re  recognized; these bedforms suggest . . f l u v i a l  depos i t i on  

( ~ 0 1 1  i nson, 1978b). 
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T A B L E  3.13 DESCRIPTION OF FOUR INFORMAL UNITS O F  THE DEEP GULCH CONGLOMERATE AND LOWER 
JACK CREEK QUARTZITE. THE DESCRIPTIONS ARE.PRIMARILY FROM RIDGE 1, CARRICO RANCH. NOT 
A L L  FEATURES ARE PRESENT I N  EACH OUTCROP. 

Un i t  3 
Hematite-stained, sericitic, pyritic, oligomictic, radioactive quartz-pebble conglomerates: 

1) medium-grained t o  granular'planar crossbeds; 
2) fining-and coarsening-upward sequences in conglomerate horizons; 
3) multiple conglomerates may occur in  one conglomerate horizon; . . 
4 )  thickness of conglomerates varies f rom 2 t o  70 cm; 
5) number o f  conglomerate horizons varies from 3 t o  15 per outcrop; 
6) anomolous radioactivity 3 t o  18 times background in  conglomerate horizons; 
7) rounded t o  euhedral pyrite grains in  conglomerates; 
8 )  rare trough crossbeds; 
0 )  corting varioc f rom vory poor t o  moderately-sorted; 

10) loss o f  mica in nonconglomerate beds compared t o  conglomerate beds 

- U n i t  2 
Coarse-grained t o  granular micaceous subarkose, trough crossbedded i n  the lower portion: 

1) lenticular radioactive lag gravels: 
2)  lag gravels are hematite-stained and 3-5 times background radioactivity; 
3 )  *trough crossbeds fine-upward, wi th granular bases 2-3 times background radioactivity; 
4) thickness of trough crossbeds varies f rom 4 t o  2 0  cm; 
5)  decrease in the number o f  trough crossbeds upsection; 
6) increase in  the number o f  quartz-pebble conglomerates and fining sequences upsection; 
7) f ining sequences are variable i n  thickness; 
8) size and percentage of K-feldspar decreases upsection; 
9) clast size increases upsection. 

Un i t  1 
Medium-grained t o  granular micaceous arkose and subarkose: 

1) hematite-stained lenticular lag gravels; 
2)  angular K-feldspar pebbles u p  t o  15 m m  in diameter; 
3 )  radioactivity 3 8  times background i n  lag gravels; 
4) fining-upward and -downwerd sequences of variable thickness; 
5) rare trough crossbedding; 
G) poorly t o  very poorly sorted 

Un i t  b q  (bq, bqs on  map explanations and core logs) 
Dark gray, medium-grained t o  granular micaceous subarkose: 

1) non-radioactive; 
2) poorly sorted; 
3) tining and cleaning sequences; 
4) rare truuyh crussbeddiny; 
5) muscovite exceeds biotite in  th in section; 
6)  rare K-feldspar grains 



Lag grave ls  vary  g r e a t l y  i n  t h e i r  l a t e r a l  and downdip ex ten t .  

I n  ou tc rop  ( ~ i ~ u r e s  3. 18, 3.29, and 3.21) lag, g rave ls  vary from 1 m t o  

40 m i n  w id th  and a re  up t o  4 cm t h i c k ,  these l ag  grave ls  o f t e n  form 

the base o f  a f ining-upward sequence. Downdip ex ten t  o f  the l ag  con- 

glomerates i s  d i f f i c u l t  t o  determine; ou tc rop  r e l i e f  tends t o  be o n l y  

1-3 m h igh  i n  U n i t  1 .  Examination o f  r a d i o a c t i v e  conglomerates from 

d r i l l  ho le  SM-3 prov ided a p o s s i b l e . c o r r e l a t i o n  w i t h  conglomerate C 

a t  the  sur face.  Known downstream ex ten t ,  from F igure  3.19, o f  conglom- 

e r a t e  C i s  36 m w i t h  an i n f e r r e d  ex ten t  o f  140 m. Conglomerate C i s  

a l s o  the  th ickes t .cong lomera te  i n  U n i t  1 w i t h  th ickness ranging from 

5 t o  30 cm. 

U n i t  2. U n i t  2 i s  predominately a t rough crossbedded subarkose 

w i t h  t h i n  conglomerate lenses formed by l ag  grave ls  (up t o  4 cm t h i c k )  

which separate i n d i v i d u a l  t rough crossbedded sequences t h a t  range from 

1 t o  10 m t h i c k  ( ~ i g u r e  3.23). The lower contac t  o f  U n i t  2 i s  de f ined 

as the  p o i n t  when t rough crossbedding replaces f i n i n g  sequences as the  

dominant bedform. The upper contac t  i s  placed 2 m below the f i r s t  

h i g h l y  r a d i o a c t i v e  conglomerate o f  U n i t  3. Th is  a r b i t r a r y  d e f i n i t i o n  

was c s t a b l  i shed  to inc lude w i  t l ~ i ~ l  Ulli t 3 a l l  marg lna l l y  r a d i o a c t i v e  

conglomerates. K- fe ldspar  g ra ins  o f  U n i t  2 a re  smal ler  than those i n  

U n i t  1 , decreasing i n  average s i z e  from 12 t o  18 mm i n  diameter. Grains 

i n  U n i t  2 decrease i n  s i z e  upsect ion from 10 mm t o  6 mm. Trough cross-  

bedding a l s o  occurs less  f requen t l y  upsect ion a t  Ridge 1 ,  Ca r r i co  

Ranch and a t  Deep Gulch. Plane-bedded conglomerates become the  dominant 

bedform near the top o f  U n i t  2 as shown i n  F igure  3.23. Trough cross- 

beds-may be present  a t  the top o f  f in ing-upward sequences. 



EXPLANATION 
MAFlC IGNEOUS ROCKS: Mafic sills and dikes ranging from massive gabbro and 

diabase to  foliated amphibolite. 

lN?RUS?lVE CONTACT 

UNlT 5: Phyllite, black, with boudinaged quartz veins. Contains lenses of pink, 
medium-grained arkose (5a). 

UNlT 4: Arkose end suborlto3c. pilik, modium-grainod; pl~nar-crotisbedded, massive, 
well-sorred. ln~er~onyues will1 puut'ly-POI Led I.I.IUSCOV~~~C SI.I~:I~I.~OS~ (4m) and 
thin lenses of black phyllite ( 4 ~ ) .  

UNIT 3: Subarkose, light pink, very coarse-grained to granular; plane-bedded. 
Includes 15 to 75 cm thick beds uf herna.tite-stailled, pyritic, radioacthe 

[r 
quartz-pebble conglomerate. Individual conglomerate beds arc labeled G 

w through L; J and K are strorryly radioactive. 
I 

UNlT 2: Arkose to subarkose, muscovitic, light gray, coarse-grained to granular; 
abundant small-scale trough crossbeds, slightly pyritic. Includes thin beds of 
quartz-granule (qg), quartz-pebble (qp) and arkosic (agcl) conglomerates. 
Mildly radioactive conglomerates are labeled C through F, C i s  the most 
rarlinactive 

UNIT 1: Arkose, light gray, mcdium- to coarse-grained; poorly-sorted. lnterbedded 
with rnllscnvitic arknse ( l m ) .  Includes thin quartz-Debble (np) ~ n d  arkose , 

( ac~ l )  conylorr~erates. Slightly radioactive conglomerates are labeled A and 6. - 

, ,  Lithologic contact, dashed 
where uncertain 

, -  Outcrop boundary, dashed 
whvrv urlcer Lair1 

. . . . . . . . . . . . . . . . . . . . . . . . Conglomerate horizon 

Strike and dip of 
42p foliation 

Strike atrd dip of faults 
761 and quartz veins 

Bearing and plunge of 
iiiiiior fold axil 

Fuult, showing relative /'\ Fining-~tpwarrl ~erluences " -- displacement, dashed where B 
approximately located Planar crossbeds 

443 Strike and dip of 
overturned bedding Trough crossbeds 

SM-I Drill hole with plunge angle 
~~: : '~BI , , , )  'aid total depth. \ sample transects 

Explanation for the plane-table map and cross section of Ridge 2, 
Carrico Ranch (figures 3.20 and 3.21 ). 



Figure 3.20. Plane-Table Mop Showing the Major Conglomerate Horizons, 

Ridge 2., Corrico Ranch. 





Trough crossbeds w i th in  Unit  2 are var iable i n  t h e i r  amplitude 

and downstream extent. Figure 3.22 shows typ ica l  crossbeds; i n  Figure 

3.22A, a so l i t a ry  trough i s  shown, the trough i s  wel l  exposed and i s  

about 6 cm thick.  Figure 3.228 shows the crosscutt ing (festoon) nature 

of the troughs and i 1 lust rates t h e  great var iabi  1 i t y  i n  amp1 i tude (2- 

30 cm) and width (0.25 t o  1.0m) o f  the troughs. 

The th in ,  l en t i cu la r  conglomerates which separate trough cross- 

bedded sequences (Figures 3.18 and 3.23) have an unknown downdip ex- 

tent. In  outcrop the conglomerates can be traced f o r  10 rn et'Ridge 2, 

Carrico Ranch; corre lat ion o f  conglomerates i n  outcrop w i th  those in-  

tersectedin d r i l l  core proved t o  be too tenuous t o  be o f  use. 

Plate 7 shows Units 1 and 2 combined i n  the Manning Ranch area. 

This grouping o f  Units 1 and 2 i n  t h i s  area was necessary because o f :  

1) the lack o f  outcrop, 2) the paucity o f  sedimentary structures i n  

the avai lable outcrop and d r i  11 core, 3) the lack of dist inguishing K- 

feldspar s ize (10-15 mm), and 4) the uncertainty of where the basal Deep 

Gulch Conglomerate contact i s  i n  t h i s  area. 

Unit  3. Un i t  3 contains the mast radioactive, thickest, and la te ra l -  

l y  continuous quartz-pebble conglomerates o f  the Beep Gulch Conglomerate 

and the only conglomerate horizons o f  potent i  a1 economic in terest  (Figure 

3.22). Plate f shows the l a te ra l  var ia t ion  i n  the thickness o f  Unit  3, 

the cont inu i ty  of indiv idual conglomerate beds and the var ia t ion  o f  c las t  

size, Figures 3.22, 3.25, and 3.26 a l l  present data co l lected from the 

quartz-pebble conglomerates a t  R i  dge 1 , Carri co Ranch. 





D 
Figure  3.22. Primary sedimentary s t ruc tu res  of the  Deep Gulch Cong'omerate. A - overturned t rough cross- 
bed, U n i t  2, Ridge 1, Car r ico  Ranch, penc i l  f o r  scale. B - overturned c rosscu t t i ng  (festoon) t rough cross- 
beds, U n i t  2, Ridge 1,  Car r ico  Ranch, notebook i s  5 inches wide. C - conglomerate hor izon K ( ? ) ,  maximum 
s i z e  of quartz-pebbles occurs i n  t h i s  horizon, U n i t  3, Ridge 2, Car r ico  Ranch, lens cover i s  5.2 cm i n  
diameter. D - conglomerate hor izon J, note the basal scour sur face i n t o  the  under ly ing  sandstone, U n i t  3, 
Ridge 2, Car r ico  Ranch, notebook i s  5 inches wide. 



Measurement of the largest clast sizes in radioactive conglomerate 

horizons indicates that clast size decreases along the strike, north- 

east and southwest, fram Ridge 2, Carrico Ranch as shown in Plate 1. 

Clasts from the mst radioactive conglomerate horizon in each outcrop 

were measured to provide data for the study of the sedimentology of 

mineralized conglomerates to help reconstruct depositional models. 

Also, Theis (1979) reported that clast size is related to mineraliza- 

tion of the conglomerate horizon and both features appear to be related 

to the depositional energy. Between 124 and 300 clasts larger than 

6 mm (this effectively excluded K-feldspar) were measured at each sample 

location. Size of the sample area varied between 0;s and 1.0 square 

meters depending on packing and clast size. Stretched pebbles were 

encountered in all outcrops; using a standard millimeter ruler pebbles 

were measured to the nearest whole number in two dimensions. The 50 

maximum-apparent diameters (long axis of a pebble, Theis, 1979) of 

the larqest pebbles were used to compile Plate 7, which shows decreas- 

ing clast size along strike from Ridge 2, Carrico Ranch and the occur- 

rence of two conglomerate successions separated by a phyllitic layer, 

at Ridqes 1 and 2 at Manning Ranch. Clast size of the upper conglom- 

erate sequence increases slightly to  the northeast and clast size of 

the lower conglomerate decreases markedly to the northeast. The varia- 

tion in clast size and the increased thickness of Unit 3 at Ridges 1 

and 2, Carrico Ranch relative to other areas shown in Plate 7 are in- 

terpreted as the resul t of coalescing f luvial fans (Col 1 i nson, 1978b; 

Blunck, 1965; Bul I ,  1977). 
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V e r t i c a l  V a r i a t i o n  o f  the Deep Gulch Conglomerate 

I n  s t r a t i g r a p h i c  sec t ion ,  the  Deep Gulch Conglomeratel:consists o f  

one d i s t i n c t  coarsening-upward sequence which i s  accompanied by a 

change i n  sedimentary bedforms and decrease o f  K-feldspar c l a s t  s ize .  

F igure  3.24 shows the  maximum p a r t i c l e  s i z e : f o r  Ridge 1 ,  Ca r r i co  Ranch. 

The diagram i 1 l u s t r a t e s  t h a t  the t rough crossbedded sequence (Un i t  2) I s  

a t  the base o f  a coarsening-upward sequence t h a t  Culminates i n  the con- 

glomerate hor izons o f  U n i t  3. 

V a r i a t i o n  o f  sedimentary s t ruc tu res  i s  i . l l u s t r a t e d  i n  Figures3. '23 

and 3 .24 .  U n i t  1 i s  dominated by coarsening and f in ing-upward sequences 

w i t h  r a r e  t rough cross,bedding. U n i t  2 i s  character  i r e d  by c rosscu t t i ng  

( festoon)  t rough crossbedding which grades v e r t i c a l l y  i n t o  f i n i n g  se- 

quences w i t h  poo r l y  developed l a g  grave ls  a t  t h e i r  base and t rough 

crossbeds near the  top o f  the  sequence. U n i t  3 i s  dominated by h o r i -  

zontal ly-bedded conglomerate horizons, p lanar  crossbedded sands and 

gravels,  and plane-bedded sands. 

Decrease i n  t he  g r a i n  s i z e  o f  K- fe ldspar  and the  amount o f  K- 

f e ldspa r  occurs upsect ion i n  the  Deep Gulch Conglomerate. U n i t  1 o f t e n  

has arkose l ag  grave ls  w i t h  K- fe ldspar  g ra ins  up t o  15 mm i n  diameter,  

U n i t  2 has a gradual decrease i n  K-feldspar s i z e  from 10 mm t o  l ess  

than 6 mm, the  amount o f  sand-size and f i ne r -g ra ined  K- fe ldspar  i n -  

creases upsect ion a lso .  U n i t  3 conta ins  K- fe ldspar  up t o  8 mm bu t  

g ra ins  l a r g e r  than 4 mm are ra re ,  the m a j o r i t y  o f  K- fe ldspar  i s  con- 

cent ra ted  i n  t he  m a t r i x  o f  the conglomerates and is. coarse-grained o r  

' f i n e r .  L i t h o l o g i c a l l y  both Un i t s  2 and 3 a re  subarkoses as shown by 

the te rnary  digrams i n  F igure  3. 27. ~ h e s e  v e r t i c a l  v a r i a t i o n s  can be 



exp la ined i n  terms o f  a  coalesc ing f l u v i a l  fan model f o r  the depos i t i on  

o f  the Deep Gul ch Conglomerate ( ~ e w a r d ,  1978; Spear ing , 1975) . 

U n i t s  4 and 5. U n i t s  4 and 5  which a re  used i n  P l a t e  7 ,  geo log ic  

maps, c ross-sec t ions  and d r i l l  ho le  l i t h o l o g i c  logs d i r e c t l y  o v e r l i e  

t h e  Deep Gulch Conglomerate. These u n i t s  were on l y  i d e n t i f i e d  on de- 

t a i l e d  p lane - tab le  maps o f  the no r thwes te rn ,S ie r ra  Madre and are  n o t  

w i d e l y  recognized subd iv i s ions  o f  the Jack Creek Q u a r t z i t e .  U n i t  4 i s  

a mossivc f in ing-upward non- rad ioac t ive  sequencc c o n s i s t i n g  of sub- 

arkos i c  quar tz -granute  conglomerates ( w i t h  sca t te red  quartz-pebbles) 

g rad ing  upward t o  medium- t o  coarse-grained, moderately sor ted  sub- 

arkose and occasional  qua r t za ren i te .  K-feldspar i n  t h i s  u n i t  i s  f i n e r  

g ra ined than i n  U n i t  3 ( l e s s  than 0.5 mm). U n i t  5 i s  a  dark gray,  f i n e -  

g ra ined qua r t z  p h y l l i t e  w i t h  boundinaged qua r t z  ve ins and v e i n l e t s  which 

forms lenses w i t h i n  U n i t  4 q u a r t z i t e s .  U n i t  5 crops ou t  a t  Ridge 2, 

C a r r i c o  Ranch and a l s o  occurs i n  d r l l l  ho le  SM-2D. 

SEDIMENTOLOGY OF THE DEEP GULCH CONGLOMERATE 

The Deep Gulch Conglomenate i s  i n t e r p r e t e d  as a  bra ided r i v e r  

depos i t  on a  coalesc ing f l u v i a l  fan. Support f o r  the  f l u v i a l  o r i g i n  

i s :  probable angular  unconformi ty  w i t h  under ly ing  b i o t i t e  p lag ioc lase  

gneiss and b i o t i t e  q u a r t z i t e ;  l e n t i c u l a r  l i t h o f a c i e s ;  abundant t rough 

crossbedding; poor t o  moderate s o r t i n g ;  and coarsening and f i n i n g -  

upward s t r a t i f i c a t i o n  sequences.s imi lar  t o  those i n  bra ided f l u v i a l  

l i t h o f a c i e s  models ( ~ i a l l ,  1977, 1978; S tee l ,  and o thers  1977). Support f o r  

.b ra ided f l u v i a l  sedimentat ion i s  t h a t  pre-Mid-Paleozoic t ime was 



dominated .by bra ided r i v e r  depos i t ion  ( c o t t e r ,  1978), due t o  the  

absence o f  vegetat ion which s t a b i l i z e d  r i v e r  banks and c o n t r o l l e d  

sediment runof f  ( ~ o n g ,  1978), i n  a d d i t i o n  t o  the  l i t h o f a c i e s  

models. Deposi t ion probably took p lace i n  a  "wet" f l u v i a l  fan 'en-  

,vironment ra ther  than the "dry" a l l u v i a l  fan  environment common i n  

southwestern U.S.A. today. Schum (1977, p .  259) d i s t i ngu ished  wet 

f l u v i a l  fans from dry  a l l u v i a l  fans by the  concentrat ' ion o f  heavy 

minerals a t  several s t r a t i g r a p h i c  l e v e l s  on the fan ra the r  than 

d i spe rs ion  which i s  common i n  dry  a l l u v i a l  fans, the  ' b r a i d i n g  

o f  sediments w i t h  well-developed bedforms instead o f  the  near random 

d i s t r i b u t i o n . o f  e ros ion  and depos i t ion  i n  dry a l l u v i a l  fans, and the 

s c a r c i t y  o f  mudf lows (debr is  f lows).  The Deep Gulch Conglomerate 

e x h i b i t s  a l l  these c h a r a c t e r i s t i c s  o f  wet f l u v i a l  fans. 

Braided Stream Environment 

Before consider ing the sedimentological c h a r a c t e r i s t i c s  o f  the  

Deep Gulch Conglomerate i n  d e t a i l ,  i t  i s  appropr ia te  . to b r i e f l y  re -  

view some o f  the  processes and c h a r a c t e r i s t i c s  o f  b ra ided rTver sys- 

tems and the d i s t r i b u t i o n  o f  heavy minerals w i t h l n  those systems. 

The f o l l o w i n g  sumnary o f  bra ided r i v e r  environment i s  p r imar i ' l y  from 

M i a l l  (1977, 1978), and Smith and M in te r  (1980). 

Braided r i v e r s  are  t y p i f i e d  by s h i f t i n g  bars and channels, 

h igh  width/depth r a t i o s ,  r e l a t i v e l y  steep slopes and low channel 

s i n u o s i t i e s .  The scale o f  the bars and channels i s  an i n d i c a t i o n  

o f  t he  s i z e  o f  t he  f l u v i a l  system. ~ h e . ~ r a r n a ~ u t r a . ~ i $ e r  bf  l n d i a  



con ta ins  sand waves up t o  1-2 km i n  le,ngth (Coleman, 1969) wh i l e  

smal le r  streams have b r a i d  bars up t o  tens of meters i n  length  and 

o f t e n  less ( ~ o o t h r o y d  and Ashley, 1975). Due t o  th.e w ide ly  f l u c t u -  

a t i n g  f l ow  i n  b ra ided r i v e r s ,  v e l o c i t y ,  dep.th and sediment g r a i n  

s i z e  a r e  q u i t e  v a r i a b l e .  Gravel i n  bra ided streams tends t o  be 

t ranspor ted  i n  b u r s t s ,  accord ing t o  l o c a l  f l o w  c o n d i t i o n s j  moving 

a  few meters o r  tens o f  meters, and then becoming a  new temporary 

bar.  Complex bar  deposi t s  .(compound bars o f  Smith and M in te r ,  1980) 

and channel f i l l ,  which may represent  m u l t i p l e  per iods o f  depos i t i on  

aiid tixrssirs~s, at-e nni-t 1 i k t l y  to b t  prc3crved then bers fsrrncd by dcpo- 

s i  t i o n a l  processes a lone,  ( u n i t  bars o f  Smith, 1974). These compound 

bars may be formed by the  " v e r t i c a l  o v e r r i d i n g  o r  l a t e r a l  coalescence 

o f  smal ler  b r a i d  bars, g rave l  sheets on smal l -scale bedforms" (smi th  

and Min ter ,  1980). When these bars and adjacent channels a r e  a  s t a b l e  

f e a t u r e  w i t h i n  a  r i v e r  system, they may be important  i n  concent ra t ing  

and p rese rv ing  heavy minera ls ;  because as the  bars a re  reworked by c u r -  

ren ts ,  heavy minera ls  w i l l  become concentrated (trapped) w i t h i n  the 

coarser  bed m a t e r i a l .  The b r a i d  bars, a  general term f o r  any bar  i n  

b ra ided r i v e r s ,  form i n  channels and a re  l o c a l i z e d  by secondary cu r ren ts  

( ~ e o ~ o l d  and Wolman, 1957) o r  a re  i n i t i a t e d  by bui  Id up from gravel  

sheets ( ~ e i  n  and Walker, 1977). These bars and channels a re  on l y  tempor- 

a r y  s i t e s  o f  g rave l  and heavy minera l  depos i t ion ,  and a re  termed l o c a l  

po. in t  sources, f rom which minera ls  may be concentrated f u r t h e r  o r  

dispersed. These l o c a l  p o i n t  sources w h i l e  a c t u a l l y  temporary i n  

t h e  r i v e r  system may become permanent i f  the  system i s  aggrading. 



Bedforms which o f t e n  occur w i t h  compound and l o n g i t u d i n a l  bars 

a re  p lanar crossbeds ( t a b u l a r  and non-tabular) w i th '  poss i 'ble tangen- 

t i a l  lower contacts   mi th ,  1971, 1974; Boothroyd and Numendahl , 

1978). These are  i n te rp re ted  t o  represent t ransverse bar m ig ra t i on  

and s l  ip face m ig ra t i on  o f  l o n g i t u d i n a l  bars ' ( w i  1 1  iams and Rust, 1969; 

Rust, 1975). F i  n i  ng-upward sequences w i  t h i n  bars have been we.11 

documented ( M i a l l ,  1977). Small sca le  p lanar  crossbeds and plane 

beds ove r l y ing  bar tops have been i ,n terpre ted by Rust (1972) t o  have 

formed i n  response t o  the shal lowing o f  water; which r e s u l t s  i n  a 

t rans  i t i .on  from low f l ow  regime ( t rough crossbeds and r i p p l e s )  t o  

upper f 1 ow reg i me bed forms. 

Paleocurrent measurements i n  bra ided r i ' ve r  systems may y i e l d  a 

great  d i v e r s i t y  (wi 1 1  iams and Rust, 1969). Trough crossbeds y i e l d  the  

lowest var iance w h i l e  p lanar  crossbeds y i e l d  the  h ighest  variance. 

The direct:'bonal v a r i a b i l i t y  tends t o  vary w i t h  the  scale o f  the  bed- 

form being measured ( s i m i l a r  sca le  yi.elds less var iance) and the  d i s -  

charge leve l  o f  the stream; h i g h  discharge equals lower var iance due 

t o  lesser  e f f e c t  o f  bar topography ( M i a l l ,  1977). 

V e r t i c a l  p r o f i l e  models o f  tt ie bra ided r i v e r  system described by 

Rust (1978) and M i a l l  (1977'. 1978). r e f l e c t  t h e  most commonly occur- 

r i n g  fac ies  assoc ia t ions  w i t h i n  t h i s  depos i t i ona l  environment. S i x  

ve l - t i ca l  p r o f i l e s  are proposed by M i a l l  (1978) which encompass many 

o f  the  v a r i a t i o n s  i n  bra ided r i v e r  systems from prox imal -grave l ly ,  t o  

d i  stai-sandy, environments. We conclude t h a t  the  sedimentary features 

o f  the  Deep Gulch Conglomerate f i t  most c l o s e l y  w i t h  the  Donjek and 

Sco t t  models o f  M i a l l  (1977, 1978). 



Paleocur ren t  Ana lys is  

Paleocurrent  da ta  f rom the  Deep Gulch Conglomerate and q u a r t z i t e  

un i  t s  immediately over l .y ing  the  Deep Gulch Conglomerate a re  shown i n  

P l a t e 7 .  These data a re  somewhat equivocal f o r  several reasons. The 

b igges t  problem i s  r e l a t e d  t o  the complexi ty  of f o l d s  i n  the area. 

S t r u c t u r a l  i n fo rma t ion  f o r  un fo ld ing  the. f o lds  ( f o l l o w i n g  Ramsey, 1961) 

was obta ined from s t r u c t u r a l  ana lys i s  of f o l d i n g  us ing  stereographic 

p r o j e c t i o n . .  These stereographic p l o t s  show a nor thwest-p lunging re-  

c l i n e d  and i s o c l i n a l  f o l d  sys tem.wi th  a t  l e a s t  two o the r  superpo~ed 

b u t  l e s s  prominent, i n t r a l i m b  f o l d  systems, we are  no t  sure t h a t  t he  

r e c l i n e d  f o l d  system i s  t h e e a r l i e s t  system and we d i d  no t  consider  t he  

e f f e c t  o f  s t r a i n .  As a consequence, our  un fo ld ing  procedures are  a t  

bes t  o n l y  an approximat ion o f  the t r u e  o r i e n t a t i o n  o f  the  beds; any e r r o r s  

i n  es t ima t ing  the  plunge o f  the f o l d s  w i l l  cause very  l a rge  e r r o r s  i n  the 

d i r e c t i o n  o f  the i n f e r r e d  pa leocur ren ts ,  e s p e c i a l l y  i n  the  over turned 

1 imbs, where a1 1 our  da ta  1 i e  (~anisey, 1961). 

I n 1  t l a l  r e s u l t s  af ter '  u~. l fo ld  i1.19 were q u i t e  d iscouraging,  and 

y i e l d e d  bimodal and d i v e r s e  pa t te rns  from one outc rop  are2 t o  another .  

D iverse  d i r e c t i o n s  can be accounted f o r  i n  an a l l u v i a l  fan-bra ided r i v e r  

system  el ley ,  1968; Howard, 1966; Mia1 1 ,  1977) bu t  birnodal cur.rrriLs 

would no t  be expected, e s p e c i a l l y  because most measurements were from 

t h e  axes o f  t rough crossbeds. We decided t o  assume a unimodal d i s t r i -  

bu t ion ,  an assumption* that. '  i s  cons i s ten t  w i t h  o ther  sedimentary e v i -  

dence which s t r o n g l y  suggests f l u v i a l  sedimentaton, and t o  take those 

0 
pa leocur ren ts  which, a t t e r  r o t a t i o n ,  plunged less  than 10 i n  rhe  d l -  

r e c t i o n  oppos i te  t o  the  m a j o r i t y  o f  pa leocur ren ts  and " f l i p "  them 180° 

(dashed 1 ines  i n  the  rose diagrams o f  P l a t e  7 show what percentage 

486, 



were f l i p p e d ) .  Using t h i s  c o r r e c t i o n  o f  data, t he  r e s u l t s  a r e  more 

be l i evab le  than before f l ' i p p i n g  and a r e  discussed below. 

The synopsis of  diagram o f  117 pa leocur ren t  nieasurements,,from 

the Car r ico  Ranch area ( p l a t e  7) shows a unirnodal p a t t e r n  about a 

south-southeast d i r e c t e d  mean pa leocur ren t  (:Plate 7.).. . t n d i v i  dual ou t -  

crop areas c l u s t e r  about t h i s  mean d i r e c t i o n  .except a t  Ridge 1,  U n i t  

3 where there  i s  a wide d ispers ion .  Th is  d i spe rs ion  may r e s u l t  f rom 

measuring p lanar  crossbeds i n  t h i s  outcrop,  which'may represent  t rans-  

verse bars o r  s l i p  facie.s on l o n g i t u d i n a l  bars, and thus vary  up t o  

90 degrees from .the " t rue"  pa l  eocurrent  d i r e c t i o n  (Po t te r  and P e t t  i - 

john, 19772 . 
The synopsis diagram f o r  the  Manning Ranch and M i l l  Creek areas 

was compiled from 58 p lanar  and t rough crossbed pa leocur ren t  measure- 

ments whose mean d i r e c t i o n  i s  west-southwest. Th is  diagram and t h c  

i n d i v i d u a l  area diagrams show a wide d i spe rs ion  about the mean, a l s o  

probably due t o  the l a r g e  number o f  p lanar  crossbeds t h a t  were 

measured. The 17 t rough crossbeds measured a t  Joes Park a re  unimodal 

and d i r e c t e d  t o  the south. 

The source area f o r  the  Deep Gulch Conglomerate appears t o  have 

been t o  the nor th-nor theast .  W e  b e l i e v e  t h e  d i v e r s i t y  o f  the paleo- 

cu r ren ts  i s  r e a l  and can be expla ined i'n terms o f  a coalesc ing f l u v i a l  

fan-bra ided stream depos i t iona l  model. 

S t r a t  i f  i c a t i o n  Sequence 

As shown i n  F igures 3.23 and 3.24, the s t r a t i g r a p h i c  sec t i on  o f  

the Deep Gul ch Conglomerate conta i  ns one coarsen i ng-upward sequence 

( ~ n  i t 2 through Un i t 3) and two f i n  i ng-upward sequences (,un i t s  1 and 



4). Coarsening-upward sequences r e f l e c t  u p l i ' f t  o f  the  basin-margin . 

which man i fes ts  i t s e l f  as coarsening-upward' sedimentat ion i n  the  depo- 

s i  t i o n a l  bas i n  ( s t e e l ,  and o thers ,  1977). Rust (1979b) described f i,n.ing-upward 

sequences as the r e s u l t  o f  establ ishment  o f  e q u i l i b r i u m  cond i t i ons  

a f t e r  t he  i n i t i a l  u p l i f t  o f  a  h ighland,  U n i t s  1 and 4 a re  i n t e r p r e t e d  

i n  t h i s  l i g h t .  U n i t  1 i s  composed o f  t he  i n i t i a l  sediments t ranspor ted  

o f f  a  g r a n i t i c  h igh land  and unconformably deposi ted on the.basement 

and o l d e r  b i o t i t e  q u a r t z i t e s ;  f u r t h e r  u p l i f t  produced the  aggrading 

sequence of t rough crossbeds i n  U n i t  2 and the  prograding U n i t  3 

r l u v i a l  ~ ' ~ J ~ I I I ~ I I L s .  A r e t u r n  ta e q u i l b i r i u m  cond i t i on3  i 3  neen i n  

U n i t  4, as  i t  f i n e s  upward. 

U n i t  1 .  Sedimentary s t r u c t u r e s  present  i n  U n i t  1  a able 3.13) 

r e f l e c t  the a c c r e t i o n  o f  sediments i n  channels and smal l  b r a i d  bars. 

Coarseni ng-upward sequences a r e  i n t e r p r e t e d  as surge deposi t s    mi th ,  

1970) , whi l e  f ining-upward sequences a r e  the resu l  t o f  v e r t i c a l  accre- 

t i o n  i n  wanirig f l o w  eondltilons or bar b u l l d  up  ( ~ u s r ,  1972, 1598; 

W i l l i ams  and Rust, 1969; M i a l l ,  1977). Channel l ag  grave ls  conta in  

q u a r t z  and K-feldspar pebbles, these a r e  u s u a l l y  t h i n ,  from 1 t o  2 

pebbles t h i c k  and up t o  35 cm t h i c k  i n  conglomerate C . a t  Ridge 1 ,  

C a r r i c o  Ranch. The w i d t h  of  the  channel l ag  i n  outcrop v a r i e s  from 

5 t o  60 m and t h i s  i s  considered t o  be a  minimum value f o r  the  o r i g i n a l  

w l d t h  o f  the  channels (Cant and Walker, 1976; S~n i th ,  1970; Mia l  I ,  

1970). The l a g  g rave l s  a r e  l e n t i c u l a r  and some p o r t i o n s  a r e  eroded 

away by o v e r l y i n g  l a g  grave ls ,  the  most r a d i o a c t i v e  l ag  grave ls  ( those 

shown i n  cross sec t ions  and p lane- tab le  maps) a r e  seldom eroded. 



Cross sect  ions of  the r idges  and. . d r i . l . l  ho!l.es, Figures 3.18, 3.19, 

3.20, and 3.21 show the c o r r e l a t i o n  o f  t he  0utcro.p l a g  grave ls  t o  those 

i d e n t i f i e d  i n  t he  d r i l l  core. Downdip mi'nimum - length o f  l ag  grave ls  . . , 

appears t o  vary from 2 m t o  30 m. The great  v a r i a b i l i t y  o f  the dimen- 

s ions o f  bodies of l a g  grave l  i s  most l i k e l y  due t o  the  anastomizing 

p a t t e r n  o f  bra ided r i v e r s  and the  v a r i a b i l i t y  o f  stream f l ow .  The 

i d e n t i f i c a t i o n  o f  bar  sequences i n  U n i t  1 i s  tenuous, the o n l y  exposure 

o f  poss ib le  b r a i d  bars i s  i n  the  upper 5 m o f  U n i t  1 ,  a t  Ridge 1 ,  

Ca r r i co  Ranch and Ridge 2, Manning Ranch. These a re  i d e n t i f i e d  by 

t h e i r  ' f init ig-upward sequences w i  t h  r a r e  t rough crdssbeds a t  the top. 

U n i t  2. Trough crossbedding i s  the  major bedform present i n  U n i t  

2. Lag grave ls  and f in ing-upward sequences become the  dominant sedi -  

mentary s t r u c t u r e s  i n  some areas ( ~ i ~ u r e s .  3.23 and 3.24 ) . Cross- 

c u t t i n g  trough crossbeds ( festoon,  p i  c r o s s - s t r a t r f i c a t i o n  o f  A l l e n  

(1963) have been i n t e r p r e t e d  as megaripple o r  dune mi 'grat ion i n  f l u -  

v i a l  channel s ( ~ i a l  1 , 1977) o f t e n  the  amp1 i tude o f  the  t rough crossbeds 

decreases upsect ion.  Occasional l a g  grave ls  o u t l i n e  t h e  base o f  chan- 

ne ls  and some o f  the  grave ls  may represent  small sca le  b r a i d  bars 
- 

which tormed i n  the  channels. The t h i c k  sequences o f  t rough cross- 

bedding separated by lag  grave ls  i n  the  Deep Gulch Conglomerate i n d i -  

ca te  t h a t  the  stream was aggrading and channels were r e l a t i v e l y  s tab le .  

The evidence f o r  s t a b i l i t y  and aggradat ion i s  t h a t  few episodes o f  

non-deposi t i o n  are  recognized. E r  ickson ( 1978) descr ibes scour ing and 

l a g  grave ls  as the markers f o r  such per iods  o f  non-deposit ion. 



The f in ing-upward sequences a t  the top o f  U n i t  2  are i n t e r p r e t e d  

as aggrading sha l low b r a i d  bars con ta in ing  occasional  l ag  gravel  de- 

p o s i t s .  The t h i c k  f in ing-upward sequence a t  the top o f  U n i t  2  (F igure  

3.23 from 55 t o  62 m) i s  i n t e r p r e t e d  as a  channel deposi t  developed 

du r ing  waning f l o w  cond i t i ons  as might  occur i f  a  bar, which pro-  

g r e s s i v e l y  reduced water f low,  was developed upstream. 

The increased th ickness  o f  U n i t  2  a t  Ridges 1 and 2, Car r i co  

Ranch ( p l a t e  7 )  i s  i n t e r p r e t e d  as a  funct~ibon o f  increased sedimenta- 

t i o n  i n  the apex o f  a l l u v l a l  fan  (Blunck, 1965, B u l l ,  1972, 1977). 

U n i t  3. U n i t  3 which conta ins the  t h i c k e s t  and most r a d i o a c t i v e  

conglomerates i s  i n t e r p r e t e d  t o  have formed i n  a  coalesc ing bra ided 

f l u v i a l  fan system and was dominated by t h i c k  accumulations o f  g rave l  

and subordinate f i n e r  gra ined p lanar  cross beds and plane-bedded 

sands . P l a t e  7 shows t h a t  t he  apparent-maximum diameter o f  pebbles, 

i n  U n i t  3, decreases l a t e r a l l y  a long s t r i k e  nor theas t  and southwest 

o f  Ridge 2, Ca r r i co  Ranch. l h i s  p a t t e r n  of change o f  c l a s t  s i z e  i n  

U n i t  3 i s  s i m i l a r  t o  pa t te rns  o f  decreasing pebble s i z e  i n  a l l u v i a l  

fans i nves t i ga ted  by Blunck (1965) and M i a l l  (1970). The maximum 
1 

pebble s i z e  i s  be l ieved t o  occur a t  the  apex O F  the  fan w i t h  the  

pebble s i z e  deceasing l a t e r a l l y .  

Two v a r i e t i e s  o f  conglomerate sequences i n  U n i t  3 a r e  depicted i n  

F igures  3.25 and 3.26. F lgure  3.25 I s  ~ h t :  s i l s g l e  conglomerate hor lzon 

t y p i f i e d  by conglomerate "J",  Car r i co  Ranch area. Conglomerate "J" 

appears t o  represent  a  s i n g l e  depos i t i ona l  event, whose base i s  a  

scour sur face (F igure  3. 2 2 ~ ) .  Planar crossbeds and f in ing-upward se- 

quences a re  i n  i n t i m a t e  assoc ia t i on  w i t h  the  conglomerate hor izon.  The 



underlying and over ly ing planar crossbeds are in terpreted as trans- 

verse bars some of whi:ch may have migrated over compound bars and 

other b ra id  bars. The b ra id  bars are recognized by t h e i r  f ining-upward 

nature and lack o f  o ther  recognizable bedforms. This conglomerate 

horizon i s  the r e s u l t  o f  the formation o f  a clast-supported conglomer- 

a te  simi l a r  t o  those described by Boothroyd and Ashley (1975) i n  the 

Scott and Yam g l a c i a l  outwash fans. When compared t o  conglomerate I 

i n  Figure 3 .26 the  r e l a t i v e l y  law uranium and thorium values ind icate  

tha t  the channel gravel was not s i gn i f i can t l y  reworked, had l i t t l e  new 

sediment added t o  it, and d i d  not  entrap s i g n i f i c a n t  amounts o f  heavy 

minerals. These condi t ions may be due t o  rap id  depos1tFon o f ,  and 

bu r i a l  by, over ly ing transverse and b ra id  bars. 

Conglomerate ho r i  ton "I" i s  representative o f  a horizon contain- 

ing mu l t i p l e  conglomerates and i s  shown i n  Figure 3.26. This horizon 

i s  composed o f  m u l t i p l e  l en t i cu la r  conglomerates, sandy conglomerates 

and pebbly sandstone. Other sedimentary s t ructures associated w i t h  

t h i s  horizon are planar crossbeds, f i n i n g  and occasional ly roarsening- 

upward sequences, plane:-bedded sand, and rare trough crossbeds. Th i s  

type o f  conglomerate horizon i s  in terpreted as a compound ( long i  tudin-  

a l )  bar. The e n t i r e  bar i s  rad ioact ive ( ~ i g u r e  3.26) and contains wel l  

packed and sorted conglomerates having the hlghest thorium and uranium 

values o f  any conglomerate horizon studied. The l en t i cu la r  nature, 

the rap id  change i n  facies o f  the sediments, and the bedforms w i t h i n  

t h i s  type o f  conglomerate horizon and a lso  Un i t  3 are comparable to 

changes i n  character o f  quartt-pebble conglomerates o f  the Witwaters- 

rand deposits (Smith and Minter, 1980). I n  the V i  twatersrand such 

changes are described as a response t o  the rap id  f low ve loc i t y  qluctua- 

t i ons  which are t yp i ca l  o f  proximal braided streams. When compared t o  



A 

- 
-7 

C 
0 
N .- 
b 

s - 
F 
0 

< 1 mm and > 0.5 mm 

. : .. Planar Crossbedding 

- Outcrop boundary 

Quartz Pebble Conglomerate --- Lithologic Contacts, dashed where 
inferred, includes scour surfaces 

Quartz Pebble Conglomerate 
c10mmond?4mm . 

Uranium/ Thorium values for 
spot samples 

' Quartz Granule Cong'merde Figure 3.25. Cross section of conglomerate horizon L', Unit 3, Deep 
c4mmcmd 22mm Gulch Conglomerate, Ridge 1, Carrico Ranch. Showing conglomerate 

'J', sedimentary structures, and distri~utbn of urcnium and thorium. 
Quartz-pebbk conglomerates are hematite-stained and contain F] Very Coarse Sadstme pyrite casts. View perpendicular to bedding. . . . . .  c 2 m m  and zlmm I f t  0 I f t  0.25m 0 0.5 m 
P A 



Y 

C a .- 
8 
C 

0 - e 
0 
E 
0 - 
? 
S 

. . . . . . . . . 

Quartz Pebble Conglomerate F I  Very Coarse Sandstone 
. .  . . . . . .  c 2mm and zlmm - Outcrop Boundary 

Quartz Pebble Conglomerate ;; . Coarse Sandstcne - -- Lithologic Contacts, dashed where ..,..... .. 
oOoO c10mm and 24mm 0 elinm and +05mrn inferred, includes scour surfaces .. ..... ... ........ .. 

Qucrtz Granule Conglomerate Eq  Uranium / Thorium values for 1 c4mmands2mm 
. . .., ... . _ .  . . .  ....... .:: Tangential Crossbedding spot samples 

Quc,rtz Granule Conglomerate Figure 3.26. Cross section of conglomerate horizon 'I; Unit -1 with Fine Pebbles . . .  . . Planw Crossbedding 3, Deep Gulch Congomerate, Ridge 1, Carrico Ranch. 
Showing individual conglomerates, channel lag deposits, 

< 6mm and z2mm sedimentary structures, and distribution of uranium 
and thorium deposits. Quartz-pebble conglomerates 
are hematite-stained and contain pyrite casts. View 
perpendicular to bedding. 

* 



s im i la r  inter layered and underlying conglomerate layers the upper and 

lower conglomerate layers have high uranium and thorium concentrations. 

Thi s i s  i n  accordance w i t h  Smith and Minter 's (1980) observation tha t  

long-1 ived compound bars w i  1 1 have a greater chance o f  being reworked 

and hence, probably have greater concentrations o f  uranium, thorium 

and other heavy minerals. 

PETROLOGY AND MINERALOGY OF THE DEEP GULCH CONGLOMERATE 

This section describes - the petrology and mineralogy of  the Deep 

Gulch Conglomerate and lower Jack Creek Quartzite. These sediments 

have undergone ep idote-amph i bol i t e  fac ies metamorphism ( ~ i  yash i ro, 

1973) and are pr imari  l y  composed o f  quartz and feldspar wS t h  recyrsta l -  

l i z e d  muscovite, b i o t i t e  and ch lo r i te .  The major i ty of the p h y l l o s i l i -  

cate mineral s are metamorphic minerals recrystal  1 ized from an arg i  1 l a -  

ceous matrix. Overall, the sediments are poorly sorted and immature; 

the average gra in  s ize is approximately 1.25 mm. We bel ieve that  the 

sand-size grains are d e t r i t a l  i n  o r i g i n  and are not a product of meta- 

morphism, Petrographic data an each of the un,its i n  the Deep Gulch 

Conglomerate and lower Jack Creek Quartz i te  are presented on quartz- 

feldspal"mi ca (QFM) tenary diagrams i n  Figure 3. 27. The heavy mineral 

sui te,  including the radioactive minerals, i s  considered i n  de ta i l  i n  

the l a t t e r  por t ion  of t h i s  section. 

Thin section =iample.s were enl lccted from cach d r i l l  hole which 

intersected the Deep Gulch Conglomerate (sM-I , I A ,  2, 2D, and 3; JP-1, 

2 ,  3 and 4) .  Nearly a1 1 o f  the samples are quartz-granule o r  pebble 

conglomerates from the base o f  w e l l  defined fining-upward sequences. 



F A. biotite quartzite(bq) M 
Q 

F C. Unit 2 M 
Q 

EXPLANATION 
0 - SM drill holes(Car rico Ranch) 

A JP drill holes (Deep Gulch and Manning Ranch) 

K-feldspar w 2 / 3  total  feldspar 

+ Plagioclase 1/3 > 2 /3  
x Plagioclase - 2 / 3  total feldspar 

Mean 
Modes are  from point-counted thin sections 

1 1 1 1 1 1 1 1 1  

F E. Unit 4 M 

Figure 3.27. Quartz (Q), feldspar (F), and mica + chlorite (M) ternary diagrams for 
subsurface samples from the Deep Gulch Conglomerate and lower 

. Jack.Creek Quartzite (after Folk, 1974). 



F i v e  v a r i e t i e s  o f  qua r t z  a r e  common i n  U n i t  3 and a re  grouped to -  

ge ther  under the  q u a r t z  c l a s s i f i c a t i o n  i n  F igure  3.27. The v a r i e t i e s  

are :  undulose qua r t z ,  nonundulose quar tz ,  r e c r y s t a l l i z e d  quar tz  c l a s t s  

w i t h  up t o  a  dozen d i s t i n c t  c r y s t a l s ,  qua r t z  cement (when i t  cou ld  be 

i d e n t i f i e d )  , and q u a r t z i  t e  ( f  i ne-grai  ned) rock fragments. Some quar t z  

g ra ins  a r e  s t re t ched ,  whereas fe ldspa r  g ra ins  a r e  no t  as s t re tched.  

Sutured q u a r t z  g r a i n  boundaries a r e  common. 

F i v e  common v a r i e t i e s  o f  f e ldspa r  a r e  recognized i n  t he  samples: 

m ic roc l  ine, p e r t h i t e ,  a n t i p e r t h i t e  ( p e r t h i t e s  a r e  o f  the i n t e r l o c k i n g  

and replacement v a r i e t y ,  Deer and others,  1976). o r thoc lase.  and p lag io -  

c lase .  The fe ldspa r  g ra ins  a r e  genera l l y  angular  and commonly e x h i b i t  

deformed Carlsbad, a l b i t e  o r  p o l y s y n t h e t i c  twinning.  A l t e r a t i o n  o f  

t he  f e l d s p a r  i s  minimal a l though some g ra ins  a r e  cloudy and some 

g ra ins  a re  p a r t l y  a l t e r e d  t o  s e r i c i t e .  P lag ioc lase c o n s t i t u t e s  a  smal l  

p o r t i o n  of t he  fe ldspa r  present  and the  gra ins  a r e  angular  and genera l l y  

l ess  than 0.5 mm i n  diameter.  P lag ioc lase composit ion va r ies  between 

An ( a l b i t e )  and An ( 'o l igoclase-andcsine) .  Some c l c a r  f ine-gra ined 
5 3 3 

a l b i t e  and m i c r o c l i n e  g r a i n s  may be metamorphic minera ls .  K-feldspar 

overgrowths on g r a i n s  and v e i n  f i l l i n g s  a r e  present  i n  a  few samples. 

Gran i te  rock fragments a r e  ra re  i n  the Deep Gulch Conglomerate sed i -  

ments. 

Mlca, a long w l r h  p lag ioc lase  (except I n  Un l r  bq) , I s  concenrrared 

i n  t h e  m a t r i x  and i s  e i t h e r  muscovite, b i ' o t i t e  o r  c h l o r i t e .  Muscovite 

i s  t h e  major mica present  w i t h  b i o t i t e  and c h l o r i t e  r e l a t i v e l y  minor 

co r~s t i kue r i t s .  Py r lLe  g ra ins  a re  ubTqultous I n  the rnatrix ur t l ~ e  

granu le  and pebble conglomerates. 



U n i t  bq. F i gu re  3.27A shows t h a t  t h e  composi t ion o f  t he  g ray  

b i o t i t e  q u a r t z i t e  u n i t  cored i n  d r i l l  ho les  JP-1, JP-3 and SM-2D v a r i e s  

between a  very  micaceous subarkose (g rea te r  than 10% mica and c h l o r i t e )  , 

and subarkose. Muscov i te  comprises 84% and b i o t i t e  16% o f  t he  mica i n  

t h e  u n i t .  P l a g i o c l a s e  An 
20-33 

i s  t h e  dominant f e l d s p a r  i n  t h r e e  o f  

t h e  samples. The gray c o l o r ,  abundant mica and l a c k  o f  l a r g e  K- fe ldspar  

c l a s t s  c o n t r a s t  sha rp l y  w i t h  U n i t  I  a able 3.13). The source o f  the  

d e t r i t u s  i s  b e l i e v e d  t o  be t h e  u n d e r l y i n g  b i o t i t e  p l a g i o c l a s e  gne iss ,  . 

which i s  composed o f  sod ic  p l a g i o c l a s e  (An 
15-38 

) , qua r t z ,  b i o t i t e ,  and 

muscovi t e .  

U n i t  1 .  K - fe ldspar  c l a s t s  c h a r a c t e r i z e  t h e  sediments o f  U n i t  1 .  

Large K - fe l dspa r  pebbles i n  excess o f  10 mm i n  d iameter  a r e  common and 

about  40 percent  o f  t h e  pebbles a r e  coa rse r  than 2  mm. I n  g c n c r a l ,  

p e r t h i t e  and m i c r o c l i n e  a re  t h e  most common v a r i e t i e s  o f  K- fe ldspar .  

P l a g i o c l a s e  ( ~ n ~ ~ - ~ ~  ) i s  r e s t r i c t e d  t o  g r a i n s  which a r e  l e s s  than 0.5 

mm i n  d iameter ,  and a l b i t e  g r a i n s  a r e  r a r e .  The s o r t i n g  of  t h e  conglom- 

e r a t e s  i n  U n i t  1  i s  poor  w i t h  K- fe ldspar  g r a i n s  g e n e r a l l y  l a r g e r  than  

the  q u a r t z  g r a i n s ,  except  i n  the  quar tz -pebb le  conglomerates. 

F i gu re  3.27B shows the  QFM compos i t ion  o f  16 samples o f  U n i t  1 .  

As shown, t h e  composi t ion v a r i e s  f rom an arkose t o  subarkose. The. 

m a t r i x  o f  t he  conglomerates i s  composed o f  q u a r t z  (medium- t o  f i n e -  

g ra i ned ) ,  muscov i te ,  and f e l d s p a r ,  w i t h  p l a g i o c l a s e  compr is ing  31% o f  

t he  m a t r i x  f e l dspa rs  and o n l y  18% o f  t h e  t o t a l  f e l dspa r  p resen t .  

.Muscov i te  accounts f o r  64% o f  t he  t o t a l  mica con ten t  w i t h  b i o t i t e  

compr is ing  the  remain ing 36%. 



U n i t  2. The t e r n a r y  QFM diagram f o r  U n i t  2  (F igure 3.27C) . shows 

t h a t  t h e  percentage o f  f e ldspa r  has decreased from U n i t  1 ,  and U n i t  2  

q u a r t z i t e s  .vary  i n  composi t i o n  between quartzare; i t e  and subarkose. 

The s i z e  of  the%K- fe ldspar  g ra ins  has a l s o  decreased from those i n  

U n i t  1 .  Most of t he  K- fe ldspar  c l a s t s  a r c  less  than 2 mm (,granule),  

a l though l a r g e r  c l a s t s  a r e  no t  uncommon, especia l  l y  i n  l ag  grave ls .  

The percentage o f  p l a g i o c l a s e  has decreased from 18% i n  U n i t  1 t o  13% 

i n  U n i t  2. As i n  U n i t s  1 and 3, p o l y c r y s t a l l i n e  qua r t z  c l a s t s  a re  

common, but  these a r e  n o t  i n t e r p r e t e d  a s . q u a r t z i t e s .  The percentage 

o f  mica i s  q u i t e  v a r i a b l e ,  from 1 t o  19% and muscovite i s  the major 

mica. B i o t i t e  has decreased t o  15% o f  the  mica i n  U n i t  2. 

U n i t  3. The composit ion o f  U n i t  3  ranges from subarkose t o  , 

arkose ( ~ i g u r e  3..27D and Table 3.14). A1  though the  amount o f  p l a g i o -  

c l a s e  i n  t h e  m a t r i x  o f  the  quar tz-granule and pebble conglomerates 

has decreased t o  a maximum o f  2 percent   a able 3.14), the  t o t a l  

amount o f  f e l d s p a r  has n o t  changed s i g n i f i c a n t l y  because the amount 

o f  K- fe ldspar  has increased. However, t he  s i z e  o f  K- fe ldspar  g ra ins  

has decreased. .The samples - se lec ted  f r o m - U n i t  3 a r e  no t  t he  most 

r a d i o a c t i v e  o f  the u n i t ,  but  a re  approximately 5 t o  7 t imes the  

backgl-aund ' I -adiat ian. 

Q u a r t z i t e  rock f r ~ g m o n t s  a r c  moro common i n  U n i t  3 than i n  t he  

o t h e r  un i ts . .  B lack  and green c h e r t  fragments a r e  a l so  observed i n  

U n i t  3. The amount o f  q u a r t z i t e  increases as the  percentage o f  p y r i t e  

increases;' Quar tz  is.  the  most common mineral  present i n  the  m a t r i x  

w i t h  K- fe ldspar ,  muscovite, p y r i t e ,  p lag ioc lase  and o ther  heavy min- 

e r a l s  occu r r i ng  i n  decreasing abundance. 



TABLE 3.14 PETROGRAPHY OF UNIT 3, DEEP GULCH CONGLOMERATE. PERCENTAGES ARE FROM POINT- 
COUNTED THIN SECTIONS OF QUARTZ-PEBBLE CONGLOMERATES. 

Drill Hole 
Depth 

SM-1 
175.4 

SM-1 
175.7 

SM-1 
192.8 

SM-1 
207 

SM-1 A 
541.6 

SM-7 
149 

SM-2 
150.1 

SM-2 
187 

JP-1 
408.7 

JP-1 
410 

JP-1 
41 2 

JP-1 
416.5 

JP-1 
42 1 

JP-2 
31 1 

JP-4 
284 

Qtzite Plag. Perthite 

1 

- 

9 

8 

9 

7 

Tr 

18 

2 

- 

Tr 

- 
1 

Tr 

Tr 

Micro- 
cline 

7 

10 

3 

- 

3 

8 

6 

Tr 

2 1 

13 

19 

23 

19 

11 

9 

Ortho- 
clase Musc. 

3 23 

3 10 

- 17 

11 7 

8 6 

12 6 

6 17 

3 Tr 

- 2 

- 3 

- 5 

- 4 

- 4 

9 9 

Y 11 

Chlor. Biot. Opeq. Zircon 

- 1 - 

- 7 1 

- 2 - 

- Tr Tr 

1 - 

Tr Tr 

- - 4 Tr 

B Tr  Tr  Tr 

2 - 

5 Tr 

- 1 - 

- 2 Tr 

- 3 Tr 

- 3 1 

Tr 2 Tr 

Opaque minerals, pr imar i ly  pyr i te ,  constikute up t o  7 percent o f  

the samples that  were examined i l l  1lri11 section. In rock slabs and 

polished t h i n  sections opaque minerals const i tu te up t o  30 percent of .  

the rock ( ~ i g u r e s  3. 28 and 3.29). Py r i t e  gra in marphology varies 

great ly,  from euhcdral t o  subrounded equant and elongate grains. 



Figure 3.28. Photograph of basal quartz-pebble conglomerate from dri 1 1  
hole SM-2, 165.5 ft. The small bright euhedral to subhedral pyrite 
qrains are concentrated in the matrix. The large euhedral pyrite have 
probably been recrystallized. The large gray and white clasts are 
quartz and quartzite pebbles. This conglomerate is correlated with 
conglomerate K on the surface and has the highest thorium assay of any 
sample in the Deep Gulch Conglomerate (2600 ppm Th, 220 ppm U; sample 
number lf;8460). Maximum p e h h l ~  4 i 7 ~  t h i s  cnnglnmerate i s  35 mm and 
mcan size of the pyrite grains i s  0.44 mm. 



Aggregates o f  p y r i t e  grains are a lso  present (Figures 1.14 and 1.17). 

r i t e  g ra in  s ize var ies from 0.01 t o  2.0 mm i n  diameter. Rare vein- 

t s  o f  p y r i t e  up t o  2 mn long, were observed between p y r i t e  grains, 

and p y r i t e  grains surrounding the ve in le ts  have been rec rys ta l l i zed  t o  

• euhedral habi t .  

The heavy mineral s u i t e  from the rad ioact ive quartz-pebble conglom- 

erates i n  Un i t  3 consists o f  rad ioact ive and non-radioactive minerals. 

Table 3.15 i s  a l i s t  o f  these minerals. P y r i t e  i s  the most common 

heavy mineral associated w i t h  the su i te .  The ma jo r i t y  o f  heavy miner- 

a l s  are concentrated a t  the base o f  clast-supported conglomerates w i t h  

some heavy minerals a lso  concentrated a t  the base o f  matrix-supported 

conglomerates. Radioactive minerals include zircon, the most abundant 

mineral and lesser amounts o f  monaz i te, monaz i te-hutton i t e  (?) , and 

hut ton i  te (? )  . The shape o f  z i  rcon, monazite, monazi te-hut toni  t e (? )  , 

and huttoni te(2) minerals i s  subrounded. This g ra in  morphology may be 

e i t h e r  a' metamorphic tex tu re  due t o  recrysta l  l i z a t i o n  o r  a feature o f  

the d e t r i t a l  o r i g i n  o f  these minerals. 

TABLE 3.15 HtAVY MlNtHALSUl fE  FROM UNIT 3, DEEP GULCH CONGLOMERATE. 

pyrite 
ilmenorutile \ 
apatite 
marcasite 
sphene 
ilmenite 
anatase 
rutile 
garnet 

I zircon 
non-radioactive monazite I radioactive 
minerals monazite-huttonite(7) minerals 

huttonite(7) 



E,l~uro 3.29 Photuqraph o i  P h@~%amly-b .ddsd  qua.rti-pabblg wngloluer 
a t e  from dirt11 hole SM-I, 190.7 f t .  Pyri te  grains are concmtrated i n  
dwk b ~ n &  ~ q t l l . n ? n g  the b&ded planes. Imi$ivi.k4ual pyrite grains are 
br#&& a d  reFJ&cPive whi 1s the qslartx geatns are g m y  and feldspar 
grains are white. Quartz and pyrite grains are no% as large as those 
i n  Bi.gure 17. Maximum size of the quartz grains is 18 mm and mean 
size of  the p y r i t e  grains is  0.29 mm. Assay values For t h i s  sample 
are 170 pp i n  Th and 57 pprn U [sample number 711461). 



GEOCHEMISTRY OF THE DEEP GULCH CONGLOMERATE 

I n t r o d u c t i o n  

This sec t i on  conta ins  two p a r t s :  the  f i r s t  discusses the d i s t r i b u -  

t i o n  o f  the r a d i o a c t i v e  elements uranium and. thor ium i n  the contex t  o f  

f l u v i a l  f o s s i l - p l a c e r  accumulations; the o the r  presents the c o r r e l a t i o n  

mat r ices  o f  outcrop and subsurface concentrat ions o f  eleven se lec ted  

elements, and the c o r r e l a t i o n  o f  quar tz-pebble and p y r i t e .  s i z e  t o  se- 

1ecte.d elements. Sampling procedures a r e  described i n  K ra tochv i l  (1981). 

D i s b r i b u t i o n  o f  Thorium and Uranium Related t o  Sedimentary Bedforms - --. 

When examined' i n  outcrop the  m i n e r a l i z a t i o n  i n  the  Deep Gulch 

Conglomerate was found t o  be d i r e c t l y  r e l a t e d  t o  the  occurrence o f  

sedimentary bedforms. These bedforms and the  m i n e r a l i z a t i o n  form a 

sympattietic r e l a t i o n s h i p  i n  terms of  the  depos i t i ona l  energy and s o r t -  

, i ng  processes requ i red  t o  c rea te  them. The l e a s t  minera l i zed bedforms 

a r e  those developed i n  the low f low regime and maxi.mum mineral  i z a t  i on  

occured i n  bedforms rep resen ta t i ve  o f  upper f l o w  regime cond i t i ons  

be arms and Fahnstock, 1965). : Thorium i s  the  element which we use t o  

cha rac te r i ze  the concent ra t ion  of t hc  r a d i o a c t i v e  elements, u ran i  urn and 

t h n r i ~ ~ m ,  hecause i t  has no t  been s i g n i f i c a n t l y  leached from the O U L -  

crop. The use o f  t ho r  i um f o r  t h i s  purpose i s  reasonable because the 

c o r r e l a t i o n  between uranium and thor ium i s  0.85 i n  ou tc rop  and 0.83 

i n  the subsurface (Table 3.17 and '.Figure 3.30). . 
The r e l a t i o n s h i p  o f  conglomerate hor izon th ickness t o  m ine ra l i za -  

t i o n  i s  shown i n  F igure  3.30. The c o r r e l a t i o n  c o e f f i c i e n t  o f  0.08 

i nd i ca tes  t h a t  m i n e r a l i z a t i o n  i s  unre la ted  t o  the  th ickness o f  the 

conglomerate hor izon.  F igures 3.25 and 3.26 show two conglomerate 
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hor izons ,  I and J a t  Ridge 1 ,  Ca r r i co  Ranch, and the  geochemical 

analyses f o r  thor ium and' uranium values o f  se lec ted  bedforms. The 

tho r ium values range from 25 pprn i n  p lanar  crossbeds t o  792 ppm i n  

t h e  w e l l  so r ted  upper conglomerate o f  hor izon I .  

--I correlofion coefficien; =0.08 ' ' .  I 

Th, ppm (In scale) 

A. Thickness. of outcrop conglomerate 
tlosirons plotted ogoinsl Th. 

1024 

correlotion coefficient=0.83 . 

I 4.8 23 112 540 2600 

Th, ppm (In scole) 

B. U plotted against Th. 

Figure 3.30. Thickness of outcrop conglomerate horizons and U concentrations plotted against 
~ h '  concentrations from the Deep Gu!ch Conglomerate. 

Planar crossbeds have a maximum va lue  o f  25 ppm thor ium In l aye rs  

o f  maximum g r a i n  s i z e  on a fo rese t  slope. The base o f  t rough cross- 

beds have a maximum tho r  i urn content o f  138 ppm, and l ag  grave ls  which 

separate and d e f i n e  channel m ig ra t i ons  i n  t he  t rough crossbedded se- 

quence o f  U n i t  2, have a maximum value o f  256 ppm thorium. Poor ly  

so r ted  pebbly g ranu lar  conglomerates, t h a t  may represent  b r a i d  bar  o r  

channel acc re t i on ,  have a maximum value of 50 ppm, which may be a low 

va lue  because the  base o f  the conglomerate was no t  sampled. 



Mean size of pyrite grains, m m  

A. Mean size of pyr i te  grains plot ted 
against mean pebble size. 

U, ppm (In scale) 

B. U plotted against mean pebble size. 
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Figure 3,31.'Mean size of pyrite grains, U,Fe,Zr,K,Ce concentrations plotted against mean 
pebble size from the Deep Gulch Conglomerate. 
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The s i n g l e  conglomerate ho r i zon  represented by conglomerate h o r i -  

zon I i n  F igure  3.25 has a maximum concent ra t ion  of  97 ppm thorium. 

Th i s  ho r i zon  i s  a moderately so r ted  c las t - suppmted  conglomerate. 

The 97 pprn tho r ium value i s  from the  base o f  the conglomerate, and as'. 

such should be . rep resen ta t i ve  o f  the  h ighes t  va lue present .  Horizon. ' I  

( ~ i ~ u r e  3.26) i s  i n t e r p r e t e d  as compound bars which were o f t e n  reworked 

by cu r ren ts ,  i ncreas i ng the  probab i 1 i t y  o f  heavy minera l  entrapment i n  

the  coarse bed m a t e r i a l s    mi t h  and Min ter ,  1980). The uppermost and 

lowormost conglomeratos i n  ho r i zon  I c0ntai.n the h ighes t  thor l l lm \1a111e< 

o f  any o f  t h e  bedforms sampled. Maxlm~.~rn  t.hnrl'l.lrn cnncontraj-irrn n-i: 793- 
. . 

ppm i s  present  i n  the  upper conglomerate o f  ho r i zon  I'. Th is  hoi-'izon 

i s  t h e  t h i c k e s t ,  most l a t e r a l l y  contTnuous, and has the  maximum g r a i n  

s i z e  o f  any conglomerate i n  ho r i zon  I. Conglomerate hor izon K ( ~ i g u r e  

3 - 2 3 )  , the  t h i c k e s t ,  coares t  and most l a t e r a l  l y  cont inuous conglomera;e 

ho r i zon  o f  t he  Deep Gulch Conglomerate ( p l a t e  7 ) ,  has a maximum thor ium 

va lue  o f  1100 ppm a t  the  base o f  t he  conglomerate. 

The dLove 1.1iel-al-chy o f  bedforms as  r e l a t e d  t o  the  thor ium content 

i s  no doubt r e f l e c t i v e  o f  the depos i t i ona l  environment and h y d r a u l i c  

cond i t i ons  under which they were deposi ted and i s  s i m i l a r  t o  t h a t  de- 

s c r i b e d  i n  o t h e r  f l u v i a l  f oss i  1 p lace r  depos i ts  ( ~ r n i  t t ~  and M in te r ,  1980; 

P ieneer , 1963; Roscoe, 1969) . Quasi -permanent bedforms i n  the f 1 u v i a l  

system which have undergone reworking o f  sediments by cur ren ts  concom- 

m i t a n t  w i t h  the  a d d i t i o n  o f  new sediments o f f e r  the  g rea tes t  p o t e n t i a l  

f o r  m i n e r a l i z a t i o n  (Smith and Min ter ,  1980). I n  the Deep Gulch Conglom- 

e ra te ,  the .conglomerate hor izons o f  U n i t  3, i n t e r p r e t e d  . t o  be co~r~pound 

- ( l o n g i t u d i n a l )  bars were such quasi-permanent bedforms i n  the f l u v i a l  

system which deposi ted the  Deep Gulch Conglomerate. 
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Pebble S ize  Compared w i t h  Concen t ra t i ons 'o f  Selected'Elenients 

I n  t h e  B l  i nd  R iver -E l  1 i o t  Lake area o f  Canada, Theis (1979) has 

demonstrated t h a t  t h e r e  i s  a r e l a t i o n s h i p  between quartz-pebble s i z e ,  

minera logy,  and chemis t ry  of  o re-bear ing  conglomerate. Theis (1979) 

shows t h a t  t h e  h i g h  s p e c i f i c  g r a v i t y  m ine ra l ,  u r a n i n i t e ,  i s  most abundant 

i n  t he  maximum quartz-pebble s i z e  conglomerates, whereas, the lower 

s p e c i f i c  g r a v i t y  m ine ra l s ,  z i r c o n  and monazite, a re  enr iched i n  conglo- 

merates o f  smal le r  quar tz-pebble s i ze .  Th is  f ea tu re  was thought t o  be 

r e l a t e d  t o  h y d r a u l i c  f a c t o r s   heis is, 1979, p. 10) and was viewed as 

evidence t h a t  u r a n i n i  t e ,  z i r c o n  and monazite a re  d e t r i t a l  minera ls .  

Th is  r e l a t i o n s h i p  o f  g r a i n - s i z e  t o  mineralogy i s  r e f l e c t e d  i n  the.chemis- 

t r y  o f  t h e  B l i n d  R i v e r - E l l  i o t  Lake conglomerates. For example, the amount 

o f  uranium ( r e f l e c t i n g  u r a n i n i t e )  has a p o s i t i v e  c o r r e l a t i o n  w i t h  pebble 

s i z e  whereas the amount o f  cer ium ( r e f l e c t i n g  monazite) i s  i nve rse l y  

r e l a t e d  t o  pebble s i z e   heis is, 1979, p. 11). 

Table 3.16 and F igure  3.31 show p l o t s  and c o r r e l a t i o n  c o e f f i c i e n t s  

o f  quar tz-pebble s i z e  p y r i t e  g r a i n  s i ze ,  and the  concent ra t ion  o f  s e l e c t -  

ed elements. P y r i t e  g r a i n  s i z e  has a sympathet ic moderate c o r r e l a t i o n  . 

w i t h  the  s i z e  of  qua r t z  pebbles suggest ing t h a t  h y d r a u l i c  f a c t o r s  played 

a p a r t  i n  t he  depos i t i on  o f  p y r i t e  g ra ins  i n  the conglomerates. This  

r e l a t i o n s h i p  i s  a l s o  r e f l e c t e d  i n  t he  percentage o f  i r o n  increas ing  

w i t h  i nc reas inq  quar tz-pebble s i z e t  P l o t s  o f  o the r  element concentra- 

t i o n s  versus quar tz-pebble s i z e  do no t  show s t rong c o r r e l a t i o n .  Zirconium, 

.cerium, and uranium concent ra t ions  increase w i t h  increas ing  quartz-pebble 

s i z e  a l though c o r r e l a t i o n  c o e f f i c i e n t s  a re  moderate a t  best (F igure 3.31). 

The r e l a t i o n s h i p  between z i rconium, cerium and uranium w i t h  quartz-pebble 

s i z e  i s  n o t  the  same as t h a t  present  i n  the B l i n d  River-El  l . i o t  ~ a k e .  rocks 
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where zirconium and cerium both show an inverse relationship to quartz- 

pebble size (Theis, 1979, p. 11-12). We suspect. this difference is related 

to the hydraulic conditions at the time of deposition and mineralogy of 

the two deposits. Potassium shows an inverse relationship with pebble 

size similar to that found in the Canadian conglomerates  heis is, 1979, 

p.13). This probably reflects an increase in the feldspar and phyllosi- 

licate content of the sediment in the quartz-pebble size decreases 

(Theis, 1979, P. 13). 

TABLE 3.16 MATRIX OF PEARSON CORRELATION COEFFICIENTS FOR SUBSURFACE SAMPLES, PEBBLE, 
AND PYRITE SIZES OF THE DEEP GULCH CONGLOMERATE. 44 CHEMICAL ANALYSES, PYRITE, AND . 
PEBBLE SIZES OF THE MOST RADIOACTIVE QUARTZ-PEBBLE CONGLOMERATES WERE USED TO CALCU- 
LATE THE CORRELATION COEFFICIENTS. CORRELATION COEFFICIENTS FOR ELEMENTS WERE COM- 
PUTED USING LOG TRANSFORMATIONS. 

Coarsest 12% of 
Pyrite size 
Coarsest 25% of 
Pyrite size 
Mean 
Pyrire size 
Mean 
Pebble size 

Mean 
Pyrite Pebble 

12% 25% Mean Size U(nt)  Th U/Th Pb* 

La" 

Pb* 



C o r r e l a t i o n  C o e f f i c i e n t s  o f  Selected Elements 

The r e l a t i o n s h i p  between c e r t a i n  elements i s  very much as expected 

from the  minera logy o f  the  conglomerates and i s  s i m i l a r  t o  t h a t  present  

a t  B l i n d  R i v e r - E l l i o t  Lake i n  Canada. For example cerium and lanthanum 

have very h i g h  c o r r e l a t i o n  c o e f f i c i e n t s  because both  elements are  p r i -  

mari  l y  i n  t h e  minera l  honazi t e   a able 3.17and F igure  3.32). ~ e a d  and 

uranium c o r r e l a t e  as might  be expected if lead i s ' l a r g e l y  a decay prod- 

u c t  o f  uranium bu t  n o t  as w e l l  as the two elements c o r r e l a t e  i n  Canada 

TABLE 3.17. MATRIX  OF PEARSON CORRELATION COEFFICIENTS FROM THE DEEP GULCH CONGLOMERATE. 
CORRELATION COEFFICIENTS FOR ELEMENTS WERE COMPUTED USING LOG TRANSFORMATIONS BASED 
O N  DATA FROM 220 SUBSURFACE AND 200 OUTCROP SAMPLES. 

Subsurface Samples 

U(nt) Th Th/U Fe T i  Y Zr K Ce La* Pb* P 

.83 -.05 .65 .02 .85 .81 -.I6 .70 .53 .55 .38 

Th  .85 -.I9 .72 .48 .47 .46 
Th lU  .12 -.I4 .16 .17 .02 .16 

YI 

.ll .74 .71 -.35 .62 .51 .55 .57 S' 

.62 .17 .09 -.01 .47 $ 
.30 .65 .40 -.I3 .73 .49 .48 .55 '", 

Zr .85 .8 2 .31 .68 .38 .89 -.I7 .73 .57 .49 .45 . E . . 

+! K .17 .11 .08 -08 .73 ,06 ,I0 2 
2 Ce .50 .42 .13 .41 .21 .61 .56 -.09 
V) 

La* .51 .56 .50 .37 -.I4 .48 .44 -.27 

Pb* .64 -.27 .37 .63 w.39 .33 .48 .03 

P ' .63 .59 .19 .75 .40 .60 .61 -.23 .46 .44 .54 

Outcrop Samples 

*Approximately 80 analyses were available for La and Pb correlations. 

On the  o the r  hand, the  moderate t o  s t rong c o r r e l a t i o n s  between 

c e r t a i n  elements i s  initially s u r p r i s i n g .  For example zirconi'um cor -  

r e l a t e s  f a i r l y  we1 1 w i t h  uranium, thorium, y t t r i u m  and cerium, and 

thor ium c o r r e l a t e s  w i t h  uranium, i r o n ,  y t t r i u m ,  z i rconium and cerium 



 a able 3. 47 and Figures 3.30 and 3.32) . The source o f  the  z i  rcon i um 

should be a l m o s t e n t i r e l y  from z i rcon,  and the f a c t  t h a t  the  bes t  cor-  

r e l a t i o n s  o f  z i rcon ium are  w i t h  thorium, y t t r i u m  and uranium suggest 

t h a t  z i r c o n  conta ins  these elements, o r  i t  i s  poss ib le  t h a t  z i r c o n  i s  

d i s t r i b u t e d  i n  t he  same manner i n  the  conglomerates as o the r  minera ls  

which con ta in  uranium, thorium, and y t t r i u m .  Thorium and uranium a re  

probably present i n  a number o f  minera ls  and thus c o r r e l a t e  w i t h  several 

elements . 
The r a d i o a c t i v e  heavy minera ls  i n  the Deep Gulch Conglomerate de- 

p o s i t s   a able 3 . 1 5 ) a l l  have about equal s p e c i f i c  g r a v i t y  ( 4  t o  5)  and 

a l l  a re  roughly c o r r e l a t e d  w i t h  the  pebble-size. Therefore when pebble 

s i z e  increases most o f  the elements found e x c l u s i v e l y  i n  the  heavy 

minera ls  (uranium, thorium, i r o n ,  y t t r i u m ,  z i rconium, and cerium) a l s o  

increase i n  concentrat ion.  Under these circumstances a moderate co r -  

r e l a t i o n  might be expected f o r  such elements as zirconium, thorium, 

y t t r i u m ,  and uranium. 

Our i n t e r p r e t a t i o n s  a re  prejudi.ced toward a p lace r  o r i g i n  f o r  

uranium and thorium. We must no te  t h a t  the c o r r e l a t i o n s  between e l e -  

ments such a s  zi rconium and uranium might a l s o  be used as evidence fo r  

o ther  than a p lace r  o r i g i n  f o r  the uranium and thorium. 
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h i s t o r y  o f  t h e  G r e a t  L a k e s  a r e a ,  N o r t h  A m e r i c a :  
P h i l o s o p h i c a l  T r a n s a c t i o n s  o f  t h e  R o y a l  S o c i e t y  o f  
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G e o l o g i c a l  S o c i e t y  o f  A m e r i c a  Map a n d  C h a r t  S e r i e s  M C -  
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