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4 -  Reduced f o r  a  d e n s i t y  f a c t o r  of 2.2 .g/cm3 and c o r r e c t e d  

%or isostasy-topography e f f e c t .  

Reduced f o r  a d e n s i t y  f a c t o r  of 2.4 g/cm3 and c o r r e c t e d  

%or isostasy-topography e f f e c t .  

6- Modified topographic  map of t h e  Timber Mountain area. 
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Abstrac t  

Recent (1977-1978) grav i ty  and aeromagneeic surveys of the  Timber 

PZountain region,  southern Nevada, have revealed new d e t a i l s  of subsurf ace  

8 t r u c t u r e  and l i tho logy .  The data  s t r o n g l y  suggest  t h a t  deformation caused by 
0 

v ~ f c a n i c  events  has been accomodated along s t r a i g h t - l i n e  f a u l t s  combining i n  

such a fashion a s  t o  give a c u r v i l i n e a r  appearance t o  r eg iona l  s t r u c t u r e .  Some 

ef the cubvif inear  aspect  may be caused by e ros ion  and perhaps s u r f a c e  

slumping fol lowing formation of the  ca ldera .  The magnetic da ta  suggest  t h a t  

rosk  m f t s  i n  the  c e n t r a l  graben and along the  southeas t  margin of Timber 

Mountain may have been a l t e r e d ,  perhaps thermally,  from t h e i r  o r i g i n a l  

state. The g r a v i t y  da ta  i n d i c a t e  t h a t  the  south p a r t  of Timber Mountain is  

under la in  by r e l a t i v e l y  dense rock poss ib ly  i n t r u s i v e  rock, l i k e  t h a t  which 

s rops  out  along its southeas t  s ide .  The g r a v i t y  da ta  a l s o  suggest  t h a t  the  

8iPene Canyon ca lde ra  may extend considerably  south of its p r e s e n t l y  ind ica ted  

eouthern l i m i t  and may under l i e  much of the  area  of Timber Mountain. The moat 

a r e a s  appear t o  be more rec tangular  o r  t r i a n g u l a r  than annular  i n  shape. The 

southern  p a r t  of Timber Mountain ca lde ra  is separa ted  from the  Yucca Mountain 

a r e a  t o  the  south by a t r i a n g u l a r  h o r s t .  The s t r u c t u r a l  r e l a t i o n s  of the  rock 

' un%ts  making up the  h o r s t  a r e  complexo Severa l  l i n e a r  t e r r a i n  f e a t u r e s  i n  the  

southern p a r t  of the  ca ldera  area  a r e  c l o s e l y  a l i n e d  with geophysical  

f e a t u r e s ,  implying t h a t  the  t e r r a i n  f e a t u r e s  a r e  f au l t - con t ro l l ed .  



%he Timber Mountain a r e a  of sou the rn  Nevada, l oca t ed  p a r t l y  w i t h i n  t h e  

Nevada Tes t  S i t e  (P ig -  I ) ,  is unde r l a in  almost  e n t i r e l y  by a c a l d e r a  

comtplex. Ceolsg lc  mapping (Carr ,  1977; Byers and o t h e r s ,  1976) and p r i o r  

%ecsnnaisanse  g r a v i t y  and aeromagnetie surveys  (Boynton and o t h e r s ,  1963;  

Beynton and Vargo, 1963; Healey and M i l l e r ,  1979; Carr, 1997)  have provided  

~ u b s t a n t i a l  d e t a i l e d  informat ion  about t h e  s u r f a c e  geology and more g e n e r a l  

i n fo rma t ion  on t h e  subsu r face  s t r u c t u r e  of t h e  a r ea .  Add i t iona l  d e t a i l e d  

g r a v i t y  and magnetic surveys  were undertaken t o  r e f i n e  t h e  geophys ica l  

evidence of subsu r face  l i t h o l o g y  and s t r u c t u r e .  This  r e p o r t  is a p re l imina ry  

a n a l y s i s  of t hese  d a t a  and d i s c u s s e s  t h e  major geophys ica l  anomalies and some 

sf t h e  problems of i n t e r p r e t a t i o n -  



Figure 1. -- Location map of study arca. 



Stawey a 

The f i r s t  aeromagnet ie  surveys of 1968 and 1961 (Boynton and o t h e r s ,  

1963; Boynton and Vargo. 1963) cover  t h e  e a s t e r n  two-thirds of t h e  a r e a :  they 

-re f l o r n  a t  900- (112-mile) spac ing  a long  east-wese t r a c k s  a t  a c o n s t a n t  

6 a r s m e t r i c  a l t i t u d e  of 2439 rn (8000 f t ) .  I n  gene ra l ,  t h e  r e s u l t a n t  maps show 

the major aeromagnet ic  anomalies of t h e  survey  area, b u t  bo th  t h e  a l t i t u d e  and 

s p a c i n g  make t h e  d a t a  i n s u f f i c i e n t  f o r  o t h e r  than  gene ra l  commentary on t h e  

anomaly sources  and t h e i r  s i g n i f i c a n c e  (Carr ,  1977, p- 32,33). ' I n t e r p r e t a t i o n  

0% t h e s e  d a t a  is  f u r t h e r  cons t r a ined  by ground t o  f l i g h t - l e v e l  d i s t a n c e s  t h a t  

vary  by more than  800 m (2600 f t ) ,  a f a c t o r  t h a t  is e s p e c i a l l y  c r i t i c a l  when 

the t e r r a i n  is unde r l a in  by rocks of s u b s t a n t i a l  and d i f f e r i n g  magnetic 

s u s c e p t i b i l i t y .  For t hese  reasons t h e  new aeromagnet ic  surveys  were flown a t  

a s e n s t a n t  t e r r a i n  c l ea rance  of 122 m (400 f t )  and 400 m (114 mi le )  spac ing;  

soverage  was extended t o  i nc lude  t h e  wes tern  t h i r d  s f  t h e  area. 

An e a r l i e r  g r a v i t y  survey comprising about 765 s t a t i o n s  was used by 

Heal ey and M i l l e r  ( 1979) t o  i n v e s t i g a t e  t h e  r e g i o n a l  s t r u c t u r e  unde r ly ing  t h e  

area. A new survey was conducted i n  1977 by Explora t ion  Data Consu l t an t s  

(EDCON) of Denver, Colorado, under c o n t r a c t  t o  t h e  U-So Geologica l  Survey. 

%h@ major o b j e c t i v e  of t h e  new survey  was t o  exp lo re  f o r  t h e  presence  of 

eompeeent p lu tons  of reasonably l a r g e  dimensions, perhaps i n  excess  of a few 

k i l o m e t e r s  i n  average diameter.  About 180 of 317 new s t a t i o n s  were 

eoncen t r a t ed  i n  t he  immediate v i c i n i t y  of Timber Mountain, where g e o l o g i c  

mapping has revea led  outcrop a r e a s  of p o r p h y r i t i c  g r a n i t e  and i n t r u s i v e  

r h y o l i t e  (Carr ,  1977)* The remaining s t a t i o n s  were d l s t r i b u t e d  i n  t h e  

aufrounding a rea  eo improve the  r e g i o n a l  coverage. The g r a v i t y  i n t e r p r e t a t i o n  

is based on the d a t a  of the  r e p o r t  of Healey and Miller (1979), on subsequent  

measurements by DO La Healey ( w r i t t e n  communication, 1979) f o r  about  940 

e t a t i o n s ,  and on the  new da ta  f o r  a t o t a l  of 2020 s t a t i o n s .  

4 



Data Reduction 

Aerornagnetic readings were sampled a t  i n t e r v a l s  along f l i g h t  l i n e s  of 

about 38 m (109 f e e t )  with an ins t rumenta l  accuracy of -g 1 gamma. The da ta  

were correc ted  f o r  IGRF 1975 (Barraclough and Fabiano, 1978) updated t o  t h e  
a 

t h e  sf the  f i e l d  survey- These data  w e r e  hand-contoured a s  d e t a i l e d  maps a t  

ecafe 1:62,500 (U- S. Geological Survey, 1949). For purposes of t h i s  r e p o r t ,  

%he d a t a  were continued upward t o  a uniform d i s t ance  of about 250 m (820 f t )  

above the  t e r r a i n  i n  order  t o  remove the  e f f e c t  of v a r i a t i o n s  i n  f l i g h t  

a l t i t u d e  above t e r r a i n  (Bhattacharyya and Chan, 1947). 

%he grav i ty  da ta  were reduced according t o  t h e  Gravity Formula 1957 

( I n t e r n a t i o n a l  Union of Geodesy and Geophysics, 1967) and r e f e r r e d  t o  the  IGSN 

1991 ( I n t e r n a t i o n a l  Union of Geodesy and Geophysics, 1971)- T e r r a i n  

c o r r e c t i o n s  were made t o  a d i s t ance  of 167 km (104 mi) using an experlmental  

method by Donald Plouff (wr i t t en  communication, 1979)- 

Gravimeters a r e  genera l ly  accura te  t o  wi th in  a t e n t h  of a m i l l i g a l .  For 

these  da ta ,  some sf  the  inaccuracies  a r i s i n g  Erom e leva t ion  c o n t r o l  a r e  a s  

g r e a t  a s  8 . 3  mGal, although most of them a r e  l e s s ;  inaccuracies  r e l a t e d  t o  

hor izan ta f  con t ro l  a r e .  comparatively neg l ig ib le .  In  considering the  survey a s  

1 &ole,  the  overr Ldlag inaccuracicg o re  those due tn the t e r r a i n  c o r r e c t i o n  

and t o  the  dens i ty  f a c t o r  i n  the  Bouguer co r rec t ion .  In  genera l ,  t e r r a i n  

corrections .usually have a r e l a t i v e  accuracy of f 1 meal except i n  a r e a s  of 

sharp f o c a l  r e l i e f  (wi th in  1 km of the  s t a t i o n ) .  The dens i ty  f a c t o r  e f f e c t  i s  

a funct ion  of r e l a t i v e  e l eva t ion  and is minimal f o r  a reas  of s i m i l a r  a l t i t u d e  

(f 150 m). These inaccuracies  e n t e r  i n t o  the  i n t e r p r e t a t i o n  i n  d i f f e r e n t  ways 

and a r e  discussed i n  more d e t a i l  i n  the  s e c t i o n  on g r a v i t y  i n t e r p r e t a t i o n .  



Observable Anomalies and Phys i ca l  P r o p e r t i e s  

The fo l lowing  d i scuss ion  draws on r e p o r t s  by Bath (1968),  Healey (1968), 

&ad Healey and Xi lPer  (1979) i n  which t h e  au tho r s  r e p o r t  e x t e n s i v e  

measurements made on the  vo lcan ic  rocks  of t h e  Timber Mountain a r ea .  S p e c i f i c  

%'eferences a r e  m d e ,  i n  t h e  body of t h e  r e p o r t ,  t o  Bathes measurement of 

magnetic p r o p e r t i e s .  There a r e  t h r e e  a d d i t i o n a l  gene ra l  obse rva t ions  by Bath 

ehae a r e  worth no t ing  here.  The f i r s t  is t h a t  remanent magnet iza t ion ,  t h e  

component of magnet izat ion f rozen  i n t o  igneous rock a t  t h e  t ime of i ts  

coo l ing ,  is t h e  only producer of s i g n i f i c a n t  magnetic anomalies i n  t h e  Timber 

Mountain reg ion .  Because the  remanent magnet izatfon is a l i n e d  wi th  whatever 

the d i r e c t i o n  of t he  Earth 's  f i e l d  is a t  t h e  time of rock coo l ing ,  i t  may be 

p o s f t i v e  o r  nega t ive .  For t h e  Timber Mountain a r e a  i t  is shown by measurement 

t o  be  dominantly nega t ive -  Because of t h e  young age of t h e  rocks  (middle t o  

upper Miocene) t he  d i r e c t i o n  of magnet iza t ion ,  d i s r ega rd ing  s i g n ,  is n e a r l y  

t h e  same a s  thae of t h e  present  Earth 's  f i e l d .  The second o b s e r v a t i o n  is t h a t  

magnet iza t ion  inc reases  with the  d e n s i t y  of t h e  vo lcan ic  rocks and is g r e a t e s t  

i n  t h e  l a v a s ;  t h e  lavas  a r e  t he  mjsr anomaly producers  i n  t h e  a r e a  except  f o r  

two members of t he  Timber Mountain Tuff :  t h e  R a i n i e r  Mesa a t  t h e  base  and t h e  

PLlamonia Tanks ac t he  top. Tllese t u f f s  a r e  m r c  dcneely welded than the 

average of t he  t u f f s  of t he  region.  The t h i r d  obse rva t ion  is t h a t  a 

combination of a minimum th i ckness  and minimum magnet iza t ion  is needed t o  

produce anomalies of a  given magnitude. The minimum ampli tude of 200 gammas 

f o r  t h e  anomalies d iscussed  here  r e s e r i c t s  t he  sources  t o  t h i c k n e s s e s  u sua l ly  

g r e a t e r  than  150 m (660 f t )  and magnet iza t ions  usua l ly  g r e a t e r  than  1 x 10- 3 

emu. 



There are two types  of apparent  anomalies t h a t  are not  d i r e c t l y  caused by 

m%gnetizaeion. The f i r s t  is a r e s i d u a l  e f f e c t  t h a t  can oseur  when a t r a c t  of 

nonmagnetic rocks is loca t ed  between ewo t r a c e s  of magnetized rock t h a t  have 

anomalies  of t h e  same s ign .  A s e c o n d t y p e  of apparent  anomaly, t h e  d i p o l e  

e f f e c t ,  is caused by a  n o n v e r t i c a l  magnet iza t ion  d i r e c t i o n .  I n  such cases  a  

secondary anomaly appears  along t h e  f r i n g e  of t h e  primary anomaly and is of 

o p p o s i t e  s ign.  With a h i g h l y  i n c l i n e d  magnet iza t ion  d i r e c t i o n  l i k e  t h a t  i n  

t h e  Timber Mountain reg ion ,  the  secondary anomaly is much l e s s  i n  ampl i tude  

than  t h e  primary anomaly. Much of t h e  problem of i d e n t i f i c a t i o n  of pr imary 

anomalies  is avoided by r e s t r i c t i n g  i n t e r p r e t a t i o n  t o  major f e a t u r e s .  

Because of t h e  i n c l i n a t i o n  of t h e  magnet iza t ion  d i r e c t i o n ,  o u t l i n e s  of 

magnetic anomalies a r e  d i sp l aced  somewhat south  of the  o u t l i n e  of t h e  

source .  Displacements a r e  small  bu t  observable  f o r  high i n e l i n a t i o n s  l i k e  

t h a t  of t h e  Timber Mountain reg ion ,  p a r t i c u l a r l y  f o r  bodies  e longated  east- 

wese* 

Weafey and M i l l e r  (1979) s e p a r a t e  t h e  d e n s i t i e s  of rocks i n  t h e  Timber 

Mountain reg ion  i n t o  t h r e e  primary groups, 2.67 g/cm3 f o r  pre-volcanic  rock ,  

2.4 */em3 f o r  welded t u f f s ,  and 2.2 g/cm3 f o r  nonwelded o r  l i g h t l y  welded 

t u f f s -  On t h e  b a s i s  of carbonate  d e n s i t i e s  ( c a l c i t e ,  2.71 g / c m 3 ,  dolomi te  

3 2.87 g/cm ) however, Pa leozoic  s e c t i o n s  with l i t t l e  p o r o s i t y  and s u b s t a n t i a l  

s e c t i o n s  of l imes tone  and dolomite  may a t t a i n  an e f f e c t i v e  d e n s i t y  of 2.75 

$/em3 o r  h igher .  Other d e n s i t y  groups occur  but  wi th  one excep t ion ,  d i scussed  

On the fo l lowing  paragraph,  they do no t  appear  t o  be of s u f f i c i e n t  mass t o  

a f f e c t  t h e  g r a v i t y  f i e l d  w i th i9  t h e  p r e c i s i o n  measured here.  Exposures of 

go& u n i t s  with d e n s i t i e s  from 2.67 */cm3 t o  2.75 g/cm3 a r e  l i m i t e d  t o  t h e  

perimeter of the  Timber Mn~intafn region and a r e  only significant when nuking 

gene ra l  e s t i m a t e s .  of the  th i cknesses  of major igneous u n i t s .  m e  d e n s i t y  of 



2.4 g/cm3 is genera l ly  app l i cab le  i n  the  immediate v i c i n i t y  of Timber Mountain 

and, as w i l l  be shown, must be used ia the  Bouguer co r rec t ion  t o  d e r i v e  an  

accura te  i n s i g h t  i n t o  the  dens i ty  of the  su r face  and subsurface rocks of t h a t  

area. A dens i ty  of 2.2 g/cm3 is app l i cab le  t o  most of t h e  vo lcan ic  rocks of 
0 

Timber Mountain moat and beyond and must be used i n  the  b u g u e r  c o r r e c t i o n  f o r  

an accura te  p i c t u r e  of rock d i s t r i b u t i o n s  i n  t h a t  region. Recourse is made, 

the re fo re ,  t o  two d i f f e r e n t  g rav i ty  maps t o  s tudy the  two regions of d i f f e r e n t  

p r i n c i p a l  d e n s i t i e s .  

Rhyo l i t e  favas and i n t r u s i v e  u n i t s  form an important exception t o  the  

groups discussed above. Rocks of t h i s  group may have a dens i ty  ranging from 

3 2.4 g/cm3 t o  a s  much as 2.6 g/cm . Rhyol i te  lavas  of s u f f i c i e n t  volume cause 

notable  anomalies when they a r e  located  wi th in  l e s s  dense tu f f  u n i t s .  

Znerusive r h y o l i t e s  o r  t h e i r  more coarse ly  c r y s t a l l i n e  equ iva len t s  may cause 

an observable anomaly even when emplased with rock u n i t s  l i k e  those of Timber 

3 Mountain, which have average d e n s i t i e s  af about 2.4 g/cm As noted above, 

the Iavas a l s o  tend t o  be moderately t o  s t rong ly  magnetized so  t h a t  bo th  

g r a v i t y  highs and magnetic highs o r  lows tend t o  be as soc ia ted  with t h e f r  

presence wi th in  the  tu f f  un i t s .  



The detailed aeromagneefc maps (U-S- Geological Survey, 1979) show an 

abundance of anomalies which, on an individual basis, are difficult to sort 
0 

out and analyze- The most complete use of these detailed maps is achieved in 

eonjunstfon with a coordinated geologic mapping program and extensive sampling 

0% the underlying rock units for magnetic property measurements. It can be 

observed, however, that the anomalies tend to cluster in distinctive patterns 

which are outlined by well defined boundaries. The patterns are often 

assoc%ated with particular rock units, and the boundaries are a clue to 

underlying structure. In the upward continuation method, the patterns are 

simplified for easier recognition and interpretation without removing the 

evidence of boundaries- In addition, the magnetic anomalies over rock units 

whose thicknesses are only a fraction of the separation dfstance between the 

mgnetlc rock and the flight level (in this case simulated) tend to be damped 

out (Bath, 1968)- Thus another important property of the upward-continued 

field is that it tends to "look deeper." 

POP ease of reference, the map of the upward-continued aeromagnetic field 

(Plate 1) is divided into nine sections ideotif l e d  hy their relative 

geographic positions (e-go, NE designates northeast, C designates center). 

Two groups of anomaly patterns are distinguished on the map by superimposed 

boundaries. The first group comprises four more or less irregularly bound 

areas that have distinctive anomaly patterns of sufficient size to seem 

esp.ecially noteworthy. The largest of .these, encompassing Timber Mountain, is 

further subdivided into three subordinate zones. The second group consists of 

linear zones that are oriented peripheral to Timber Mountain and enclose 

distinctive anomaly patterns. In the following discuesion many of the 



saomalies a r e  r e l a t e d  t o  geologic u n i t s  which a r e  shown and descr ibed on the  

geologic map of the  Timber Mountain a rea  (Byers and o the r s ,  1976). 

%he drawing of boundaries on anomaly maps is t o  some ex ten t  sub jec t ive .  

There is one gu ide l ine  however, t h a t  is d e f i n i t i v e  f o r  both g r a v i t y  and 

raagnetics; i e  is t h a t  the  contours a r e  always more curved than the  source 

o u t l i n e .  The c o r o l l a r y  is t h a t  a  l i n e a r  anomaly p a t t e r n  ( l i k e ,  f o r  example, a  

l i n e a r  g rad ien t )  always i n d i c a t e s  a  s i m i l a r  o r  more severe l i n e a r i t y  i n  the  

esutce .  FOP t h i s  reason, some boundaries a r e  shown t o  extend beyond t h e  

I fmf t s  of the  l i n e a r  g rad ien t s  used t o  def ine  the  boundaries- I n  t h e  case of 

anomaly p a t t e r n s ,  i t  is c l e a r  t h a t  more than one type of source may be  

enclosed by the  boundaries, except i n  cases where the re  is evidence of an 

a s s o c i a t i o n  between a s i n g l e  anomaly and a geologic u n i t .  



Timber Mountain 

Timber Mountain, which takes up most of C a s  w e l l  as the  nor theas t  p a r t  

of We, is underlain almost wholly by the  Ammonia Tanks Member of the  Timber 

Mountain Tuff. The magnetic p a t t e r n  of t h i s  a rea  is d i s t ingu i shed  from t h a t  

of the  immediate surrounding area  by higher amplitudes and s t e e p e r  

g r a d i e n t s c  Within the  p a t t e r n  the  anomalies on the  nor th  a r e  mostly p o s i t i v e  

and genera l ly  more pronounced i n  amplitude and o r i e n t a t i o n  than those t o  the  

south-  The north p a r t  of Timber Mountain is under la in  pr imar i ly  by the  upper 

pare of the  Ammonia Tanks Member, which f s  i d e n t i f i e d  by Bath (1968) a s  

normally magnetized and anomaly producing. The c o r r e l a t i o n  of magnetic highs 

with the  outcrop areas  of the upper p a r t  of the  Ammonia Tanks is pronounced. 

I n  t h e  southern par t  of Timber Mountain the  m g n e t i c  p a t t e r n  is more 

complex; most of the  anomalies a r e  of l e s s e r  amplitude and more 

equidimensional i n  plan. In  the  p a r t  of the  southern area  t h a t  is shown on 

P l a t e  1 a s  continuous i n  magnetic p a t t e r n  with the  nor thern  a rea ,  the  p o s i t i v e  

anomalies c o r r e l a t e ,  a s  above, with the  upper p a r t  of the  Ammonia Tanks 

Member- Within t h i s  same p a t t e r n  the  magnetic expression over the  lower p a r t  

of the  Ammonia Tanks, the  dominant rock u n i t  of the  southern a rea ,  is e i t h e r  

s l i g h t l y  negative o r  equivocal.  Lf t he  anomaly-rock un i t  a s s o c i a t i o n  6f che 

a o r t h e r n  zone and connecting southern zone is accepted a s  s tandard  f o r  Timber 

Mountain--an assoc fa t ion  s t rong ly  supported by the magnetic proper ty  

measurements--then there  is a  c e n t r a l  west-trending loba te  zone and a  

nnllthwest mrginal  zone where the magnetism appears reversed. In t h i s  c e n t r a l  

zone and southwest marginal zone the  magnetic anomalies a r e  p o s i t i v e  over the  

lower p a r t  of the Ammonia Tanks and negat ive  o r  n u l l  over the  upper p a r t  of 

t he  Ammonia Tanka. 

%he c e n t r a l  lobate  zone of opposi te  magnetic a s s o c i a t i o n  corresponds 

c l o s e l y  t o  the c e n t r a l ,  s i m i l a r l y  t rending graben of Timber Mountain 
11 



(Carr and Quinlivan, 1968). Centra l  e longate  grabens appear t o  be t y p i c a l  of 

Eqeutgent domes (Smith and o the r s ,  1961). The magnetic da ta  suggest  t h a t  t h e  

rocks of the  graben f l o o r  may have been heated and a l t e r e d  s u f f i c i e n t l y ,  

perhaps by magmatic f l u i d s ,  t o  change t h e i r  magnetic p r o p e r t i e s .  The 

Sou theas te rn  zone of opposi te  magnetic a s s o c i a t t o n  is a l s o  a l i k e l y  a r e a  f o r  

d i f f e r e n t i a l  heat ing ,  a s  is shown by t h e  presence of i n t r u s i v e  rock (Carr and 

Qufnfivan, 1968). As w i l l  be pointed out  below, the  sou theas te rn  zone is a l s o  

marked as an abnormal area by the  g r a v i t y  datao 



Aeromagnetic p a t t e r n s  - i r r e ~ u l a r  

fn t h e  n o r t h e a s t  a dumbbell-shaped p a t t e r n  of nega t fve  anomalies  

a tpadd le s  t h e  boundary hetween NC and NE. Although the  anomalies cor respond 

in p a r t  t o  t h e  nega t ive ly  magnetized R a i n i e r  Mesa Member of t h e  Timber 
0 

Msuntafn Tuff , they a r e  subs t a n t i a l l y  more i n t e n s e  than those  observed  

elsewhere over t h e  Ua in i e r  Mesa. Moreover, t h e  p a t t e r n  extends sou th  of t h e  

Ra in i e r  Mesa outcrop a r e a  t o  a r eg ion  u n d e r l a i n  by members of t h e  o l d e r  

formation,  t h e  Pa in tbrush  Tuff and i ts  a s s o c i a t e d  r h y o l i t e  lavas .  Some 

i n d i v i d u a l  anomalies i n  t he  southern  p a r t  of t h e  p a t t e r n  correspond c l o s e l y  t o  

t h e  l ava  outcrop a reas .  Bath (1968)  i d e n t i f i e s  t h e  l avas  a s  n e g a t i v e l y  

po la r i zed  and anomaly producing. It seems l i k e l y  t h a t  t h t s  anomalous p a t t e r n  

f d e n t i f i e s  t h e  e x t e n t  of t h e  subcrop a r e a  of t h e s e  lavas  and t h e i r  a s s o c i a t e d  

t u f f s .  

A s i n g l e  but  very  i n t e n s e  nega t ive  magnetic anomaly is l o c a t e d  a s t r i d e  

the boundary between NE and EC. The o u t l i n e  of t h e  no r the rn  h a l f  of t h e  

anomaly corresponds c l o s e l y  t o  an  a r c u a t e  f a u l t  wi th  concave s i d e  down. Much 

of t h e  no r the rn  reg ion  of t h e  anomaly is a l s o  unde r l a in  by t h e  upper p a r t  of 

t h e  Ammonfa Tanks Member of t he  Timber ?fountain Tuff which, as i n d i c a t e d  

above, is p o s i t i v e l y  magnetized. The n e g a t i v e l y  magnetized RdLaier H c ~ a  

Member of t h e  Timber Mountain Tuff has  t h e  proper  p o l a r i z a t i o n  t o  cause  t h e  

anomaly but does not  cause such a h igh  ampl i tude  elsewhere.  The sou rce  rock  

fop  t h e  anomaly is ptnbably a l ava  wi th  nega t ive  p o l a r i t y .  A g r a v i t y  h igh  

( P l a t e  41, which al.so extends  over  t h e  a r e a  of t h e  anomaly, a l s o  i n d i c a t e s  

t h a t  t h e  source  is a thickened l a v a  s e c t i o n .  P o s s i b l e  cand ida t e s  f o r  t h e  

aource a r e  post-caldera r h y o l i t e  flows of Timber Mountain a r e a  and l a v a  f lows  

a s s o c i a t e d  with the  Pa in tbrush  Tuff .  The conformance of t h e  anomaly t o  t h e  

mapped a r c u a t e  s t r u c t u r e  s t r o n g l y  sugges t s  t h a t  t h e  anomaly sou rce  and t h e  

s t r u c t u r e  a r e  c l o e e l y  r e l a t e d .  
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h p a t t e r n  s f  moderately i n t e n s e ,  somewhat d i f f u s e ,  anomalies occupies  

much of SE. This  a r e a  is the  l o c a t i o n  of Shoshone Mountain, which is  

u ~ d e r f a i a  almost wholly by the  r h y o l i t e  l a v a  flows of t h a t  name. The, c e n t r a l  

p a r t  s f  t he  p a t t e r n  is dominated by magnetic h ighs  presumably caused by t h e  

b 

r h y o l i t e  l avas ,  which a r e  known t o  be p o s i t i v e l y  nragnetized (Go D. Bath, o r a l  

e o m u n i c a t i o n ,  1980). The same r e l a t i o n s h i p  is  exh ib i t ed  i n  t h e  

southeas te rnmost  corner  of SE, where a pronounced aeromagnetic h igh  of 400 

g a d s  co inc ides  wi th  a broad but  i s o l a t e d  exposure of t h e  l avas  of t h e  

Shoshone Mountain type. Within t h e  p a t t e r n  over  Shoshone Mountain, however, 

t h e r e  a r e  a r e a s  of prominent nega t ive  anomalies ,  which must o r i g i n a t e  i n  

n e g a t i v e l y  po la r i zed  rocks below t h e  r h y o l i t e  lavas .  That t h e  r h y o l i t e  lavas  

a r e  t h i n  i n  t hese  a r e a s  is suggested by nearby windows which r e v e a l  exposures  

sf s f d e r  rock u n i t s .  The source  of t h e  nega t ive  anomalies might be t h e  

under ly ing  Ra in i e r  Mesa Member of t h e  Timber Mountain Tuff ,  b u t  t h e  h igh  

ampfi tudes suggest  t h e  o l d e r ,  more magnetic lavas .  

A c l u s t e r  of wes t e r ly  e longated  magnetic lows, l oca t ed  j u s t  southwest  of 

ehe c e n t e r  of NC c o r r e l a t e s  with pre-Ammonia Tanks r h y o l i t e  l a v a s  and is 

presumably caused by them- The l a v a s  a r e  i d e n t i f i e d  by Bath (1968) as 

negatively magnetized. There is an a s s o c i a t e d  g r a v i t y  high of about  10 mGal 

or more, which i n d i c a t e s  t h a t  t h e  l a v a s  assuming they a r e  0.2 g/cm3 more dense 

t h a n  t h e  surrounding rocks,  a r e  more than  1200 meters  (4000 f t )  t h i c k  (Kane 

and Bromery, 1968, p.  418). To the  nor thwes t ,  j u s t  no r th  of t h e  e a s t - c e n t r a l  

p a r t  of NW, a west- t rending nega t ive  anomaly is centered  over  a much sma l l e r  

a r e a  of outcrop of s i m i l a r  lavas .  The anomaly is composed of two l obes ,  a 

wes tern  one t rending  s l i g h t l y  nor th  of west and an e a s t e r n  one t r e n d i n g  

slightly nor th  of e a s t .  There is g r a v i t y  high ( P l a t e  4) cen tered  over  t h e  

exposed l a v a s ,  of equidimensional  o u t l i n e  but  much l a r g e r  than  t h e  a r e a  of 



lavas, approaching i n  s i z e  the  a r e a  of the  composite nragnetic low. I f  the -  

gravity high is caused s o l e l y  by the  l avas ,  t h e i r  thfckness would be s i m i l a r  

t o  that indica ted  f o r  t h e  lavas  t o  the  e a s t .  Under t h i s  assumption, the  

gravity anomaly i n d i c a t e s  t h a t  the  l avas  t o  the  west have an extens ive  subcrop 
0 

area, perhaps a s  muck a s  f i v e  times t h e i r  exposed area.  



Aeromagnetic p a t t e r n s - l i n e a r  

A prominent a spec t  of t h e  aeromagnet ics  is an  a n g u l a r i t y  o r  l i n e a r t t y  

that is e x h i b i t e d  f n  much of t h e  r eg ion  around Timber Mountain- By c o n t r a s t ,  

t h e r e  is an apparent  absence of a n g u l a r i t y  i n  t h e  magnetic f i e l d s  over  Timber 
0 

Mountain and over muck of the  n o r t h e a s t  and sou theas t  co rne r s  of t h e  map. The 

a n g u l a r i t y  apparent  i n  P l a t e  1 is even more pronounced on t h e  more d e t a i l e d  

aeromagnet ic  maps (U.S. Geologica l  Survey, 1979). The l i n e a r i t i e s  a r e  

g e n e r a l l y  expressed i n  one o r  more of t h r e e  ways. The f i r s t  type  of 

express fon  is an al inement  of anomalies ,  a s  t y p i f i e d  by t h e  l i n e a r  n e g a t i v e  

anomaly t h a t  extends northwest  from t h e  northwest  corner  of NC t o  t h e  no r th  

boundary of NW. The second is a more gene ra l  grouping of anomalies ,  such a s  

t hose  on t h e  sou theas t  s i d e  of Timber ?fountain extending from t h e  n o r t h e a s t  

s o r n e t  of SC i n t o  t h e  southwest corner  of EC. The t h i r d  and perhaps most 

amportant express ion  of l i n e a r i t y  is a  boundary between broad zones of 

magnetic anomalies t h a t  c o n t r a s t  i n  a  marked way. The c o n t r a s t  may b e  a  sha rp  

change i n  t h e  s i g n ,  ampli tude,  gene ra l  azimuth, o r  dominant shape of t h e  

anomalies;  an extended g r a d i e n t  d i v i d i n g  two a r e a s  of d i f f e r i n g  appearance ;  o r  

p o s s i b l y  some combinat i o n  of these .  

One of t h e  most pronounced l i n e a r i t i e s  is a  nor th- t rending  f e a t u r e  along 

t h e  west s i d e  a£ WC. It is a  g r a d i e n t  t h a t  s e p a r a t e s  nor th- t rending  p o s i t i v e  

anomalies  on t h e  e a s t  from s i m i l a r l y  erending nega t ive  anomalies on t h e  

vest. The nega t ive  anomalies c o r r e l a t e  wi th  the  Ra in i e r  Mesa Member of t h e  

Timber ?fountain Tuff ,  which has t h e  proper  magnet izat ion d i r e c t i o n  t o  cause 

the. lows. The a l i n e d  magnetic h ighs  e a s t  of t he  g r a d i e n t  may be caused by 

moderately magnetic voPcanFc u n i t s  o r  may be p re sen t  a s  a  r e s i d u a l  high 

between two magneeic lows. There is a  g r a v i t y  h igh  ( P l a t e  4) o r  r i d g e  which 

c o i n c i d e s  with the  a l i n e d  magnetic lows. The anomalies l i e  a long  t h e  west 



w a l l  s f  t h e  Timber Mountain west moat (Byers and o the r s ,  1996) and are 

evidence oE the  r e l a t i v e  u p l i f t  of more dense and of nega t ive ly  magnetized 

rock u n f t  a long the  moat w a l l .  Both t h e  g r a v i t y  ( P l a t e  4) and magnetfc 

evidence i n d i c a t e  t h a t  t h e  subsur face  f e a t u r e  caus ing  them is s t r a i g h t  between 
8 

37'80' and 37°05 '~e ,  i n  c o n t r a s t  t o  t h e  s u r f a c e  exposures,  which i n d i c a t e  a 

eharp west-bending f l e x u r e  a t  about 37°8205 '~ .  , where Cat Canyon c r o s s e s  t h e  

moat wal l .  The magnetic d a t a  i n d i c a t e s  a change t o  a northwest  t r e n d  a t  

37°05e minutes ,  whereas t h e  g r a v i t y  anomaly appears  t o  p e r s i s t  a long  a 

a s r t h e r P y  s t r i k e  t o  37O07.5'~. There is, however, a second-order change i n  

t h e  g r a v i t y  anomaly a t  37°05'~.,  which may i n d i c a t e  a change i n  t h e  anomaly 

sou rcec  Both types of anomalies a r e  c l e a r l y  d iscont inued  a t  37O07.5'~. 

A g e n t l e  magneeic g rad ien t  ex tends  No 17' E. from t h e  southwest  corner  of 

MW almost  t o  i ts  no r the rn  border .  It s e p a r a t e s  p o s i t i v e  anomalies of random 

t r end  on t h e  northwest  from nega t ive  anomalies  of e a s t e r l y  t r e n d  on t h e  

soueheas t .  The g r a d i e n t  does not  have a c l e a r  coun te rpa r t  i n  t h e  g r a v i t y  

f i e l d  ( P l a t e  4 ) ,  except  t h a t  it fo l lows  t h e  gene ra l  t rend  of a major g r a v i t y  

g r a d i e n t .  It is i n  t h e  gene ra l  v i c i n i t y  of t h e  dashed (suggested)  l o c a t i o n  of 

the northwest  wa l l  of t h e  Timber Mountain moat. 

%he southwcst end of the g r a d i e n t  of NW and t h e  no r the rn  ends of t h e  

magnetic and g r a v i t y  a l inements  of WC both converge i n  t h e  a r e a  where t h e  e a s t  

end of t h e  nor th  wal l  of t h e  Oasis Val ley c a l d e r a  segment impinges on t h e  west 

w a l l  of t h e  Timber Mountain ca lde ra .  Perhaps t h e  magnetic and g r a v i t y  d a t a  

a r e  g iv ing  a c l e a r e r  p i c t u r e  of t h e  n a t u r e  of t he  ca lde ra s '  w a l l s  a t  t h i s  

j unc t ion .  The g r a v i t y  d a t a  sugges t  t h a t  t h e  west wa l l  of t h e  Timber Mountain 

c a l d e r a  must bend on e i t h e r  s i d e  of i t s  junc t ion  wi th  the  wa l l  of t h e  Oasis 

Valley c a l d e r a  segment. I n  essence,  more dense rocks must be p r e s e n t  a t  a 

more sha l low depth i n  t h e  west moat wa l l  of WC. 



The g r a d i e n t  t r end ing  south  of ease from the  n o r t h  s i d e  of NW i n t o  t h e  

northwese corner  of NC is t h a t  g iven  i n  t h e  f l r s e  example c i t e d  above. It 

appea r s  t o  connece with another  magnetic boundary t h a t  extends a long  a more 

oeueher ly  course  t o  t he  e a s t  edge of t h e  map. The g r a d i e n t  t o  t h e  nor thwes t  
0 

bounds the  southwest s i d e  of a l i ke - t r end ing  magnetic low, which i n  t u r n  l i e s  

s l i g h t l y  southwest of a  f a i n t l y  i n d i c a t e d  g r a v i t y  anomaly ( P l a t e  4) (shown by 

f l e x u r e s  in t h e  contours  and a  c o n s t r i c t i o n  i n  t h e  g r a v i t y  low i n  t h e  

northwest  corner  of NC). To the  s o u t h e a s t  t h e  magnetic boundary s e p a r a t e s  

d i s t i n c t l y  d i f f e r e n t  magnetic f i e l d s  and has  a  c l e a r l y  co inc iden t  g r a v i t y  

boundary. 

The southeas t - t rending  geophys ica l  boundaries  g e n e r a l l y  co inc ide  wi th  the 

n o r t h e a s t  w a l l  of t h e  Timber Mountain moat, a s  shown on the  geo log ic  map of 

Byers and o t h e r s  (1976) and seem c l e a r l y  t o  be caused by the  under ly ing  

s t r u c t u r a l  boundary- The major low i n  t h e  g r a v i t y  f i e l d  i n d i c a t e s  t h a t  t h e  

geophys ica l  boundaries  t o  t he  northwest  c r o s s  t h e  deepes t  p a r t  of t h e  e a r l i e r  

S i l e n t  Canyon ca lde ra .  Poss ib ly  a  t h i c k  ' s e c t f o n  of younger t u f f s  t h a t  

b l a n k e t s  t h i s  reg ion  is masking t h e  evidence of t h e  Timber Yountain c a l d e r a  

boundary In t h i s  l o c a l i t y .  As w i l l  be  d i scussed  i n  t h e  fo l lowing  paragraphs ,  

ehe geophys ica l  d a t a  suggest  t h a t  t h e  nor thwes tern  p a r t  of t h e  c a l d e r a  moat 

may be more complex than s u r f a c e  evidence i n d i c a t e s -  

A broad l i n e a r  zone, t rending  s l i g h t l y  no r th  of e a s t ,  ex tends  from t h e  

sou th  p a r t  of NW t o  t he  sou th -cen t r a l  p a r t  of NC, a s  i n d i c a t e d  by p a r a l l e l  

dashed f i n e s .  Anomalies w i th in  the  zone a r e  sha rpe r  and more random than 

those  t o  t h e  south  o r  n o r t h -  I n  a previous  paragraph,  t he  anomalies  i n  t h e  

eas te rnmost  zone were i d e n t i f i e d  on t h e  b a s i s  of magnetic,  g r a v i t y ,  and 

geo log ic  evidence a s  being caused by prc-Ammonia Tanks r h y o l i t e  l avas .  The 

westernmost magnettc c l o s u r e  w i t h i n  t h i s  l i n e a r  zone co inc ides  wi th  both a  



local gravity high and a broad exposure of the rhyolite lavas of Fortymile 

Canyoa. There is a local gravity high over the easternmost magnetic closure 

in the part of the zone in NU; there is no apparent gravity high over the 

eircufar negative closure in the north-central part of the zone in NW, 
0 

although it should be noted that there are no gravity stations near the center 

of this magnetic low. In general, the evidence suggests that most of the 

aaomal ies are caused by rhyolite lavas. 

The triangular region north of the parallel-sided zone is dominated by a 

central anomaly, which is discussed in a paragraph above. Pt was concluded 

that a rhyolite mass underlies nntch of the magnetic anomaly. The region to 

the south between the zone and Timber Mountain is underlain by a large, 

elongate magnetic anomaly which parallels the zone. 

%he combined evidence suggests that the triangular area northwest of 

Timber Mountain encloses an abundance of rhyolite lavas. There is evidence in 

both the gravity and magnetic fields (more definite in the magnetic fields) of 

north-of-east trends in the zone. The lavas both predate and postdate the 

Ammonia Tanks; the pre-Ammonia Tanks lava however, is not constrained to any 

of the north-of-east trends, but trends itself north of west, parallel to the 

magnetfa boundary to the northeast. 

A parallel-sided zone of sharp anomalies trending northeast, referred to 

' as an example above, is located along the southeast margin, of Timber Mountain. 

The anomalies coincide with the general outcrop area of post-Ammonia Tanks 

mafic favas, which are approximately equivalent in age with the Fortymile 

Canyon rhyolite lavas. The post-Ammonia Tanks maf ic lavas are identiEied as 

positivefy magnetized by Bath (1968)-  Variations in the amplitudes of the 

highs are probably a reflection of variations in thickness. Some of the lows 

flanking the highs appeared t o  be caused by the dipole eEEect. There is a 



f a i n t  express ion  of a low-amplitude g r a v i t y  high over  much of t h e  s u r f a c e  

e x t e n t  of t h e  lavas .  The Pavas a l s o  occur  t o  t h e  sou th  and w e s t  of Timber 

Mountain but  do not  seem t o  have any prominent g r a v i t y  o r  aragnetic anomalies  

a s s o c i a t e d  with them. The evidence sugges t s  ' t h a t  t h e  bulk ok t h e s e  l a v a s  

b c e u r s  i n  t h e  zone. s o u t h e a s t  of Timber Mountain; t h e  geometry of t h e  zone 

eugges ts  some type of conformable s t r u c t u r a l  c o n t r o l  on t h e i r  emplacement. 

There is a similar a s s o c i a t i o n  between t h e  magnetic high t h a t  t r e n d s  northwest  

from t h e  northwest  co rne r  of EC a c r o s s  t h e  n o r t h e a s t  corner  of C, and t h e  

t r a c h y b a s a l t  of Buckboard Mesa. It is t h e  youngest vo lcan ic  u n i t  i n  t h e  a r e a  

and is p o s i t i v e l y  magnetized (Bath, 1968). 

J u s t  sou theas t  of t he  zone desc r ibed  above, and s h a r i n g  a common 

boundary, is a second zone t h a t  has  s i m i l a r  width and d i r e c t i o n  but  is 

t y p i f i e d  mostly by nega t ive  anomalies and a low g rad ien t .  Beyond t h e  

s o u t h e a s t  boundary o f '  t h i s  Patter zone the  magnetic f i e l d  e x h i b i t s  more 

s h a r p l y  def ined  anomalies,  which a r e  v a r i a b l y  p o s i t i v e  o r  nega t ive .  There is 

also a sugges t ion  of e longa t ion  of anomalies a long  t h e  t r end  of t h e  zone, 

e s p e c i a l l y  i n  i t s  c e n t r a l  pas t .  There is no c l e a r  coun te rpa r t  anomaly i n  t h e  

g r a v i t y  f i e l d ,  a l though the  g r a v i t y  ( P l a t e  4) t r end  of t he  c e n t r a l  p a r t  of a 

major low fo l lows  the  t r end  of t h e  zone. The evidence seems t o  p o i n t  t o  t h e  

eou thcas t  boundary of t h e  zone a s  t he  s o u t h e a s t  w a l l  of t h e  Timber Mountain 

ca lde ra .  I f  so,  t h e  w a l l  appears  t o  have developed ac ros s  a t h i c k  sequence of 

lw d e n s i t y  vo lcan ic  rocks  (shown by t h e  g r a v i t y  low) t h a t  u n d e r l i e  f o r  t h e  

most p a r t ,  t h e  l avas  of Shoshone Mountain. I n  t h i s  sense  f t  resembles t h e  

northwest  p a r t  of the  n o r t h e a s t  boundary of Timber Mountatn c a l d e r a  d i scussed  

above- I n  any case ,  t h e  suggested boundary occurs  i n  t he  gene ra l  v i c i n i t y  of 

t h a t  suggested by the  geologic  evidence. 



T r i a n g u l a r  zone 

A t r i a n g u l a r  zone, narrowing and e l o n g a t e  eo t h e  northwest  is i n d i c a t e d  

a long  t h e  southwest edge of the  Timber Mountain c a l d e r a *  The southwes t  

boundary of t h e  zone d i v i d e s  anomalies on t h e  south ,  which have n o r t h e r l y  

t r e n d s ,  from those  w i t h i n  the  zone, which have a dominant s o u t h e a s t  t r e n d .  

%he l o c a t i o n  of t he  n o r t h e a s t  boundary is more a r b i t r a r y  than  t h a t  t o  t h e  

eouth;  i t  is loca t ed  i n  p a r t  by g r a d i e n t  t r e n d s  i n  t h e  southwest moat area of 

Timber Mountain. The t r i a n g u l a r  magnetic zone corresponds c l o s e l y  wi th  a 

s i m i l a r  zone of g r a v i t y  h ighs ;  its boundar ies  a r e  p a r t l y  guided by t h e  g r a v i t y  

field express ion .  Whatever t he  p r e c i s e  boundar ies ,  t h e r e  is abundant geo log ic  

and g r a v i t y  evidence t o  support  d e f i n i t i o n  of the  zone a s  a d i s t i n c t i v e  

f e a t u r e  of t h e  r eg iona l  geologic  s t r u c t u r e .  The n o r t h e a s t  boundary of t h e  

zone c l e a r l y . d e f i n e s  t he  southwest w a l l  of t h e  southwest moat a r e a  of Timber 

Mountain. The geologic  d a t a  i d e n t i f y  t h e  t r i a n g u l a r  d a t a  a s  c o n t a i n i n g  t h e  

Claim Canyon c a l d e r a  segment, which b r i n g s  t h e  u n i t s  of t h e  Pa in tb rush  Tuff 

and a s s o c i a t e d  rock l avas  up i n t o  a s t r u c t u r a l  high,  r e l a t i v e  t o  ' ~ i m b e r  

Mountain ca lde ra .  

The l a r g e s t  anomaly wi th in  t h e  t r i a n g u l a r  a r e a  is a boomerang-shaped low 

occupying much of t h e  sou theas t  p a r t .  The western l e g  of t h e  low is much more 

i n t e n s e  than  t h e  l e g  t o  t h e  e a s t .  The g r a v i t y  f i e l d  is of moderate i n t e n s i t y  

over t h e  western l e g ;  t he  anomalies c o r r e l a t e  wi th  t h e  r h y o l i t e  l a v a s  of t h e  

Pa in tb rush  Tuff ,  which a r e  nega t ive ly  magnetized (Bath, 1968). The l a v a s  a r e  

ehe l i k e l y  source  oE both the  magnetic and g r a v i t y  express ions .  The more 

moderate magnetic low t o  t h e  e a s t  is a s s o c i a t e d  with a g r a v i t y  low and is 

unde r l a in  by t h e  l avas  of For tymi le  Canyon, which are a l s o  n e g a t i v e l y  

magnetized. The magnetic low is probably caused by t h e  l avas ,  bu t  t h e  g r a v i t y  

%ow sugges t s  t h a t  t he  l a v a s  may be unde r l a in  by a s e c t i o n  of lower d e n s i t y  



tuffs- The magnetic lows w i t h i n  t h e  zone f a r t h e r  t o  t h e  west are a s s o c i a t e d  

wi th  t h e  lower p a r t  of t he  Pa in tb rush  Tuff and may l i k e w i s e ' b e  caused by t h e  

favas assoc iaeed  with t h i s  tuf  E. 

A magnetic h igh  is p re sen t  i n  t h e  wes t -cent ra l  pare of SC, j u s t  t o  t h e  
0 

north of t h e  boomerang-shaped low. Its p o s i t i o n ,  shape, and ampl i tude  

eugges t s  t h a t  it m y  be  a d i p o l e  f r i n g e  anomaly t o  t h e  low on t h e  south .  

Another magnetic h igh  is p resen t  j u s t  t o  t h e  west i n  t he  n o r t h e a s t  p a r t  of SW. 

1% seems too  l a r g e  f o r  a d i p o l e  e f f e c t ;  i t  c o r r e l a t e s  wi th  a low i n  t h e  

g r a v i t y  f i e l d *  There is no i n d i c a t i o n  of a probable  source  i n  t he  geology of 

t h e  a r e a ;  t h e  under ly ing  t u f f  of Chocolate Mountain has nega t ive  p o l a r i t y  (G. 

B-  Bath, o r a l  communication, 1980), s o  it cannot be t h e  sou rce  of t h e  magnet ic  

anomaly. 

A c l u s t e r  of magnetic lows is cen te red  a t  about  36O55~. and 116'22.5'~. 

%b c o r r e l a t e s  with an  a r e a  unde r l a in  by t h e  r h y o l i t e  l a v a s  of For tymi le  Canyon 

and Ras an  a s s o c i a t e d  g r a v i t y  h igh-  The magnetic anomaly p a t t e r n  resembles  

t h a t  over  t he  r h y o l l t e  l a v a s  a s s o c i a t e d  with the  Pa in tbrush  Tuff ,  a s  desc r ibed  

b e f o r e  f o r  t h e  n o r t h e a s t  p a r t  of NC. The cause of t h e  anomalies might be  t h e  

I avas  of Fortymile  Canyon. The northwest  boundary of t h e  c l u s t e r  of magnet ic  

lows is  l i n e a r  and co inc ides  with the  s o u t h e a s t  margin of the p a r a l l e l - s i d e d  

magnetic zone descr ibed  above. There is a secondary f l e x u r e  i n  t h e  g r a v i t y  

exp res s ion  ( P l a t e  4) t h a t  would correspond approximately t o  t h e  same margin. 

A topographic f e a t u r e ,  Pah Canyon, a l s o  occurs  a long  t h e  t r end  of t h e  margin 

and appears  t o  mark a boundary i n  t h e  placement of the  vo lcan ic  rocks.  Both 

t h e  magnetic and g r a v i t y  anomalies no r th  of t h e  margin would be r e a s o n a b l e  

e x t e n s i o n s  of the  magnetic anomaly c l u s t e r  and g r a v i t y  high t o  t h e  sou th ,  i f  

t h e i r  source  had been downdropped and d e f l e c t e d  n o r t h e a s t .  These c o n d i t i o n s  

would be s a t i s f i e d ,  a t  l e a s t  i n  p a r t ,  i f  t h e  southease  margfn of t h e  magnetic 



zone is, as suggested above, caused by the  southeas t  wall of the  moat of 

Timber Mountain. 

The southeas t  ha l f  of the  southwest margin of the  t r i a n g u l a r  magnettc and 

g r a v i t y  zone described above c o r r e l a t e s  with Yucca Wash and the  s h a r p l y  

Odelineated nor theas t  margin of Yucca Mountain. Much of Pain tbrush  Canyon is 

a l igned along a major nor theas t - t rending f a u l t ,  which c rosses  the  ca lde ra  wa l l  

i n t o  the  Timber Yountain southern moat and marks the  western l i m i t s  of t h e  

prominent outcrop a r e a  of the  b a s a l t  of Dome Mountain. The l i n e  of t h i s  f a u l t  

is along En alinement of magnetic anomalies, forms a boundary between major 

c l u s t e r s  of magnetic anomalies described above, and appears a s  a  boundary i n  

t h e  g r a v i t y  expression.  There seems l i t t l e  doubt t h a t  the  topographic 

%ea tu res  r e fe r red  t o  i n  t h i s  paragraph and the  one above a r e  c o n t r o l l e d  by 

underlying s t r u c t u r e .  I n  each case the  geophysical da ta  suggest v e r t i c a l  

o f f s e t s  on the  order  of many hundreds of meters (a few thousand f e e t )  . 
Fortymile Canyon follows a g rav i ty  high ( P l a t e  4) from 36'52.5' t o  about 

3 7 ° ~ ~ ' ~ - ,  but  the  r e l a t i o n s h i p  is obscured by the  problem of a c o r r e c t  d e n s i t y  

f a c t o r  f o r  the  Bouguer correc t ion .  This  sub jec t  1s discussed f u r t h e r  i n  the  

s e c t i o n  on g rav i ty .  



Grav i ty  

General  

P l a t e s  2, 3, 4, and 5 are g r a v i t y  maps of t h e  Timber ?fountain a r e a  us ing  

d i f f e r e n t  parameters  i n  t he  da t a  reduct ion .  Although most of t h e  d i s c u s s i o n  

'kill c e n t e r  on P l a t e s  4 and 5, it is u s e f u l  eo d i s c u s s  each of t h e  maps i n  

turn t o  i l l u s e r a t e  c e r t a i n  f e a t u r e s  and . i n t e r p r e t a t i o n s  of t h e  g r a v i t y  f i e l d .  

B f a t e  2 is a s t anda rd  Bouguer map e o r r e c t e d  f o r  t e r r a i n  us ing  a d e n s i t y  

f a c t o r  of 2.67. The r educ t ion  datum is sea l e v e l .  The h igh  n e g a t i v e  v a l u e s  

are t y p i c a l  oE h i g h - a l t i t u d e  c o n t i n e n t a l  t e r r a i n  and a r e  a t t r i b u t e d  t o  

f eos tasy .  

There a r e  c e r t a i n  f e a t u r e s  worth no t ing  f o r  comparison wi th  t h e  maps t h a t  

fol low.  Most of t he  no r the rn  ha l f  of t h e  map is  occupied by an a n g u l a r  

g r a v i t y  low hound by f a i r l y  s t e e p  g r a d i e n t s  t o  t h e  e a s t ,  wes t ,  and south .  

There appears  t o  be a s t e p  o r  s h e l f  i n  t h e  sou the rn  p a r t  of t he  low wi th  a  

ehange i n  l e v e l  of about 15 mGal p o s i t i v e  t o  t he  south.  An i r r e g u l a r  south-  

t r end ing  g r a d i e n t ,  p o s i t i v e  t o  t h e  east, fo l lows  t h e  eas t . bounda ry  of t h e  map; 

Bes va lues  a r e  succes s ive ly  h igher  southward. The h i g h e s t  va lues  on t h e  map 

are i n  t h e  southwest corner  (-146 mGal) and t h e  s o u t h e a s t  co rne r  (-152 mGal), 

%rheue hedrock of Pa leozoic  age i s  exposed- The s t e e p  g r a d i e n t s  bo rde r ing  

t h e s e  h ighs  mark the  outermost edge of t h e  s t r u c t u r a l  dep res s ion  a s s o c i a t e d  

w i t h  t h e  vo lcan ic s .  

I n  t h e  c e n t r a l  p a r t  of t he  map t h e  g r a d i e n t s  a r e  e a s e e r l y o  The very  

c e n t e r  of t he  map, the  l o c a t i o n  of Timber Mountain, is n e a r l y  f e a t u r e l e s s  

except  f o r  minor anomalies-  I n  WC however, a  c e n t r a l  nor th- t rending  t rough is 

p a r a l l e l e d  t o  t he  west by a  nor th- t rending  r idge .  Like t h e  g r a d i e n t s  i n  t h e  

c e n t e r ,  t he  va lues  i nc rease  southward along these  f e a t u r e s o  The g r a v i t y  can 

a l s o  be seen  t o  i nc rease  s o u t h e a s t e r l y  from t h e  northwest  co rne r  of EC. 



Grav i ty  i n c r e a s e s  t o  t h e  southwest a c r o s s  a sou theas t - t r end ing  g r a d i e n t  

t h a t  ex tends  from t h e  west p a r t  of t h e  no r th  boundary of SW almost  t o  t h e  e a s t  

boundary of SC. This  f e a t u r e  becomes more c l e a r  on succes s ive  maps. A 

g r a v i t y  r i dge ,  becoming more nega t ive  t o  t h e  no r th ,  t r ends  a long  most of t h e  

'boundary between SC and SE and then  t u r n s  n o r t h e a s t e r l y  as i t  pas ses  i n t o  EC; 

Bte t r end  breaks  r a t h e r  s h a r p l y  a s  it passes  i n t o  EC. This  f e a t u r e  

corresponds r a t h e r  c l o s e l y  with a topographic  low (shorn on t h e  modif ied 

topographic  map of P l a t e  6 ) ,  except  f o r  a  widening of t h e  g r a v i t y  anomaly 

a long  t h e  sou th  p a r t  of t h e  boundary between SC and SEe The topographic  map 

5s based only on the  e l e v a t i o n s  of t h e  g r a v i t y  s t a t i o n s  i n  o r d e r  t o  emphasize 

f n a e c u r a c i e s  t h a t  may a r i s e  from an i n a c c u r a t e  d e n s i t y  f a c t o r  i n  t h e  Bouguer 

c o r r e c t i o n .  The i n v e r s e  c o r r e l a t i o n  of g r a v i t y  and topography i n  p l a t e s  2 and 

6 is s t r o n g  evidence t h a t  t h e  chosen d e n s i t y  f a c t o r  2.67 g/cm3 is too  high.  

A s  no ted  above, t h e  Bouguer g r a v i t y  f i e l d  of t h e  Timber Mountain a r e a  is  

n e g a t i v e  because of i s o s t a t i c  c.ompensation f o r  t h e  e l eva t ed  t e r r a i n .  Gravi ty  

v a l u e s  f o r  i n d i v i d u a l  o r  comparable f e a t u r e s  have been seen  t o  i n c r e a s e  

southward, whereas t h e  topography g e n e r a l l y  r i s e s  northward (Healey and 

Miller, 1979). I n  o r d e r  t o  a l l ow a more d i r e c t  comparison of f e a t u r e s  a c r o s s  

thc m p ,  t h e  method of Mabey (1966) hag heen l lsed t o  remove the r e g i o n a l  

e f f e c t  of i s o s t a s y .  

P l a t e  3 and a l l  t h e  fo l lowing  g r a v i t y  maps have been reduced f o r  

f s o s t a s y .  On P l a t e  3, i t  may be noted t h a t  a l l  of the  r e g i o n a l  f e a t u r e s  

po in t ed  out  on P l a t e  2 have been preserved-  Although t h e  va lues  on t h e  map 

are a l l  s t i l l  negat ive ,  they now reach va lues  between -16 and -20 mgat i n  t h e  

s o u t h e a s t  and southwest co rne r s  of t he  map. The ampli tudes of t h e  minima 

cen te red  i n  the northwest corner  of NC and s o u t h e a s t  corner  of NW a r e  now 

comparable i n  va lue ,  whereas on P l a t e  2 a 15-mGal d i f f e r e n c e  is observed. The 



va lues  along the  i r r e g u l a r  gradient  t h a t  extends along almost a l l  of the  e a s t  

boundary of ehe map no longer show the  inc rease  from north t o  south.  The 

southward-increasing gradient  t rending e a s t e r l y  across  the  nor th  boundaries of 

WC and C is s t rong ly  diminished, a s  a r e  the  g rad ien t s  along the  south-trending 
0 

g r a v i t y  f e a t u r e s  of WC; t h e  westernmost one along the  west boundary of WC now 

ahows closure .  The g r a v i t y  f i e l d  over Timber Mountain ( sec t ion  C and t h e  

western t h i r d  of WC) is now much less i r r e g u l a r ;  a  broad high is revealed  over 

its southern ha l f .  

%he fnverse ly  r e l a t e d  gravity-topography f e a t u r e  t rending nor th  along the  

boundary between SC and SE is s t i l l  apparent  on P l a t e  3. Other evidence of an 

inver se  r e l a t i o n  can be seen by comparing g r a v i t y  and topography over the  

nor th  and c e n t r a l  p a r t s  of Timber Mountain. I n  p a r t i c u l a r ,  a  southward 

d e f l e c t i o n  of the  g rav i ty  contours centered along 116'27. 5'Wo corresponds 

e lose ly  t o  the  broad nor th  highland of Timber Mountain ( P l a t e  6 ) .  Conversely, 

an  e a s t e r l y  elongated g rav i ty  high cross ing the  boundary between WC and C 

eorresponds with the  topographic lowland separa t ing  the  nor thern  and southern  

p a r t s  of Timber Mountain. A s i m i l a r  inve r se  r e l a t i o n  can be observed i n  the  

nor theas t  corner of SW= A s  pointed out above, the  inverse  gravity-topographic 

r e l a t i o n  is d i r e c t  evidence t h a t  a  dens i ty  of 2.67 g per cm3 is too high fo r  a  

proper Bouguer co r rec t ion .  



Bouguer g r a v i t y  of rep ion  around Tfmber Mountain 

S p e c i f i e  g r a v i t y  d a t a  (Healey and M i l l e r ,  1979) s h w  a d e n s i t y  of 

3 2.4 g/cm f o r  t he  rock u n i t s  of Timber Mountain and 2.2 g/cm3 f o r  o u t l y i n g  

3 g o l e a n i c  u n i t s .  P l a t e  4 is a  g r a v i t y  map reduced f o r  2-2 g/cm . Except f o r  a 

few r eg ions  noted below, t h e  major g r a v i t y  anomalies  observed on P l a t e  3 are 

s t i f f  preserved ,  a l though s l i g h t  changes i n  t r ends  and r e l a t i v e  v a l u e s  can be  

seen. This  i n d i c a t e s  t h a t  t h e  e l e v a t i o n  changes f o r  t h e s e  areas are s m a l l  

enough and gradual  enough t h a t  a change i n  t h e  Bouguer d e n s i t y  f a c t o r  produces 

r e l a t i v e l y  minor changes i n  t h e  Bouguer c o r r e c t i o n .  In  g e n e r a l ,  t h e  p a t t e r n  

of. g r a v i t y  anomalies seems more s imple and coherent  than t h a t  of P l a t e  3, 

evidence t h a t  t h e  d e n s i t y  of 2.2 g/cm3 is more a p p l i c a b l e  than  2.67 g  p e r  

cm3- -Prominent changes can be seen  over  Timber ?fountain, where a pronounced 

g r a v i t y  h i g h . i s  p r e s e n t ;  over  a  zone ex tending  from the  northwest  co rne r  of SW 

t o  t h e  c e n t r a l  p a r t  of SC, where two broad h ighs  a r e  a l i n e d  s o u t h e a s t e r l y ;  and 

over  t h e  boundary between SC and SE, where t h e  pronounced no r th - t r end ing  

l i n e a r  high of P l a t e  3 is decomposed i n t o  a  broad high on t h e  sou th  and a  

emafl nor theas t - t r end ing  l i n e a r  h igh  on t h e  nor th .  The broad low t o  t h e  e a s t ,  

which u n d e r l i e s  much of t h e  western p a r t  of Shoshone Mountain, is  diminished 

bu t  s t i l l  c l e a r l y  ev ident .  

The broad g r a v i t y  high over Timber Mountain ( P l a t e  4) cor responds  

g e n e r a l l y  t o  t he  topographic h igh ,  i n d i c a t i n g  t h a t  t he  Bouguer d e n s i t y  f a c t o r  

fs too low. It e a t s b l i e h e s ,  t o g e t h e r  w i t h  t he  cnrre1.at ion of a g r a v i t y  low 

with topographic peake f o r  Plate 3, t h a t  an apprnprCate d e n s i t y  for Timber 

Mountain proper  is between 2.2 and 2.67 g/cm3. The d i r e c t  correspondence of 

topography and g r a v i t y  is more emphasized f o r  t h e  southern  h igh lands  of Timber 

Mountain than f o r  t h e  highland on t h e  no r th ,  sugges t ing  t h a t  t he  d e n s i t y  of 

ehe surEace rocks i n  t he  south  is h ighe r .  A smal l  highland a r e a  i n  t h e  sou th  



p a r t  of Timber Mountain centered on 116°30'~., does not have a corresponding 

g r a v i t y  anomaly, suggest ing t h a t  2.2 g/cm3 m y  he c lose  t o  the  d e n s i t y  of the  

rock u n i t s  making up the  highland* 

The p o s i t i v e  c o r r e l a t i o n  of topographic highs and gravi;y highs i n  SW and 
a 
SC show, a s  i n  the  Timber Mountain a r e a ,  t h a t  the  rocks making up t h e  

3 topographic highs a r e  more dense than 2.2 g per  cm . f t  can be observed, 

however, t h a t  the northward bulge of the  topographic high i n  SW does not have 

a corresponding g rav i ty  f ea tu re ,  and s o  the  rock mass underlying t h e  bulge 

probably has a  dens i ty  of about 2.2 g/cm3. The r e s u l t  of the  c o r r e c t i o n  is t o  

b r i n g  out  the  s t rong ly  l i n e a r  g r a v i t y  g rad ien t ,  p o s i t i v e  t o  the  south ,  which 

extends from the  northwest corner of SW t o  the  nor th-cent ra l  p a r t  of SC. 

%he foregoing a n a l y s i s  suggests  t h a t  a s i d e  from Timber Mountain and the  

t r i a n g u l a r  a r e a  of g r a v i t y  highs t o  the  southwest ( P l a t e  4 ) ,  the  a p p r o p r i a t e  

m p  f o r  analyzing the  r e l a t i o n s h i p s  between geology and g r a v i t y  is one reduced 

3 with a Bouguer dens i ty  f a c t o r  of 2.2 g/cm . Timber Mountain, however, is the  

region of primary i n t e r e s t ,  so the  Souguer g rav i ty  map reduced with a dens i ty  

f a c t o r  of 2.4  g/cm3 ( P l a t e  5 )  is the  most appropr ia t e  one t o  use i n  analyzing 

the subsurf ace  s t r u c t u r e  and l i t h o l o g y  i n  t h a t  area.  

As i nd tca ted  i n  an e a r l i e r  paragraph, the outer  boundary between t h e  

voPcanical ly induced depression and the  surrounding host  rock of Paleozoic  age 

is %ndicated by s t eep  g rav i ty  g rad ien t s  a t  the  southeas t  and southwest co rne r s  

of the  map ( P l a t e  2) It is not poss ib le  t o  g ive  the  p r e c i s e  l a t e r a l  l o c a t i o n  

~f the  boundary o r  t o  comment on its nature  without cons iderable  a d d i t i o n a l  

a n a l y s i s ,  but i t  should be wi th in  s e v e r a l  k i lometers  (a few miles)  of the  

e t e e p e s t  p a r t  of the  gradient .  The i r r e g u l a r i t y  of the  g rad ien t  t r a c e  i n  t h e  

sou theas t  corner is a t  l e a s t  p a r t l y  caused by t e r r a f n  co r rec t ion  inaccuracy 

and superimposed anomalies. The e a s t e r n  boundary of t h i s  g rad ien t  l i e s  a  few 



&lee e a s t  of t h e  edge of t h e  mapped a rea .  The boundary is not  i n d i c a t e d  t o  

the nor th ,  west,  o r  south  and must l i e  o u t s i d e  t h e  mapped a r e a .  

A prominent g r a v i t y  low ( P l a t e  5) ex tends  southwest from t h e  northwest  

co rne r  of NC t o  sou th  of t h e  south boundary of NW. The low is bound t o  t h e  

?northwest by a broad southwest- t rending g r a d i e n t ,  which is somewhat d i s t o r t e d  

by superimposed anomalies.  The edge of t h e  eource is probably nea r  t h e  

nor thwes tern  p a r t  of t he  g rad ien t .  The ease  edge of t h e  anomaly is no t  

c l e a r l y  i n d i c a t e d ,  bu t  i t  may be a long  t h e  s teepened g rad ien t  t h a t  t r e n d s  

southward i n  NE approximately along 116°20 '~o  Many smaller anomalies  appear 

t o  be  superimposed on the  low, and t h e s e  probably r e f l e c t  dense l a v a s  and 

dense o l d e r  rocks i n  s t r u c t u r e s  a s s o c i a t e d  wi th  t h e  formation of t h e  nor thern  

moat of Timber Mountain. I f  t h i s  is t h e  case ,  then  the  o r i g i n a l  low 

encompasses almost a l l  of NW and NC, and t h e  c e n t e r  of t h e  low a b u t s  d i r e c t l y  

en t h e  h igh  over  t h e  nor th  s i d e  of Timber Mountain. A g r a d i e n t  a long  t h e  a x i s  

of t h e  low i n  the  c e n t r a l  p a r t  of WC i n c r e a s e s  southward, and one a long  t h e  

a x i s  of t h e  low over  the common corner  of NC, NE, C, and EC i n c r e a s e s  

southeastward.  If t h e s e  a r e  taken t o  be t h e  remnants of g r a d i e n t s  a s s o c i a t e d  

wi th  t h e  o r i g i n a l  low, then  Timber Mountain o v e r l i e s  a cons ide rab le  p a r t  of 

the area which t h a t  m y  have heen occupied by the southern  e x t e n t  of t h e  

g r a v i t y  low. The gene ra l  a r e a  of t he  l o w  has  'been i d e n t i f i e d  on g e o l o g i c  

grounds, supported by ample d r i l l - h o l e  d a t a ,  a s  t h e  l o c a t i o n  of t h e  S i l e n t  

Canyon c a l d e r a ,  most of which is l o c a t e d  n o r t h  of t he  no r the rn  r i m  of t h e  

Timber Mountain c a l d e r a  (Orki ld and o t h e r s ,  1968). The i n t e r p r e t a t i o n  given 

h e r e  would p l ace  the  e a s t  and northwest  boundar ies  i n  a similar p o s i t i o n  bu t  

would l o c a t e  t h e  p o s f t i o n  of the  south  boundary an  a d d i t i o n a l  6 t o  10 mi les  t o  

t h e  sou th ,  t h a t  Is, near  37O00'~. Timber Mountain would be conta ined  almost  

e n t f r e f y  w i t h i n  the  S i l e n t  Canyon c a l d e r a  i f  it is def ined  i n  t h i s  way. 



XP t h e  preceding ana lyses  a r e  c o r r e c t ,  i t  sugges t s  t h a t  t h e  S i l e n t  Canyon 

ea fde ra  is enclosed w i t h i n  a  broader  and presumably o l d e r  v o l c a n i c  d e p r e s s i o n  

which is i n d i c a t e d  t o  e a s t ,  s o u t h e a s t ,  and southwest by g r a d i e n t s  desc r ibed  

p rev ious ly .  The pos tu l a t ed  o l d e r  dep res s ion  would cont inue  t o  t h e  sou th  t o  

%nefude t h e  a rea  of Yucca Mountain, which extends southward from t h e  sou the rn  

p a r t  of SC. A p o s s i b l e  candida te  f o r  t h e  o l d e r  dep res s ion  is t h e  S leep ing  

B u t t e  c a l d e r a  (Byers and o t h e r s ,  1976), whose only known mapped geo log ic  

boundary is loca t ed  j u s t  west of t h e  northwest  p a r t  of t h e  map. 

There is a g r e a t  degree of s i m i l a r i t y  between the  Bouguer g r a v i t y  map 

reduced a t  2.4 g/cm3 ( P l a t e  5) and t h a t  reduced a t  2.2 g per  cm 3 

( P l a t e  4) The main d i f f e r e n c e  is an o v e r a l l  lowering of t he  Bouguer va lues  

by about 15 mgal on t h e  2.4 g/cm3 map. This change is no t  a  s i g n i f i c a n t  

f a c t o r  i n  t h e  a n a l y s i s ,  s i n c e  t h e  g r a v i t y  i n t e r p r e t a t i o n  d e a l s  p r i m a r i l y  wi th  

r e f a t f v e  g r a v i t y  changes. The most marked d i f f e r e n c e  is t h e  re-emergence of 

t h e  s t r o n g  l i n e a r  t rend  a long  the  boundary between SC and SE t h a t  was noted 

b e f o r e  on the  map reduced a t  2.67 g/cm3 and a t t r i b u t e d  t o  an e r roneous ly  h igh  

Bouguer d e n s i t y  f a c t o r .  The appearance of t h e  anomaly on P l a t e  5 s u g g e s t s  

t h a t  a  d e n s i t y  of 2.4 g per  cm3 is a l s o  too  h igh  f o r  t h i s  region.  



T e r r a i n  co r rec t ion  e f f e c t s  

Before proceeding with a n a l y s i s  i n  the  Timber ?fountain a rea ,  tt is 

necessary t o  review the  poss ib le  e f f e c t s  of the  experimental t e r r a i n  

e o t r e c t i o n s  used i n  the  da ta  reduction.  It is genera l ly  recognized t h a t  the  
0 

most accura te  method of c a l c b l a t i n g  inner  zone t e r r a i n  c o r r e c t i o n s  i n  a r e a s  of 

rugged topography is the  manual one (Kane, 1962). The following comments a r e  

based on a comparison of c o r r e c t i o n s  f o r  317 s t a t i o n s  done manually wi th  those  

done by the  experimental method. 

For t h e  major i ty  of the  t e r r a i n  co r rec t ions ,  the  d i f f e r e n c e  between the  

two methods is wi th in  1 mGal, which i n d i c a t e s  a  genera l  geometrfc accuracy of 

about the  same value. The dens i ty  f a c t o r  f o r  an a rea  with well-determined 

d e n s i t i e s  should be accura te  wi th in  5 percent ,  so  the  inaccuracy due t o  t h i s  

source  is neg l ig ib le .  For the  most p a r t  then, t h e  inaccuracy is  about ha l f  

t h a t  of the  contour i n t e r v a l  and should not  have a no t i ceab le  e f f e c t  on t h e  

anomalies a s  displayed here. I n  p a r t i c u l a r ,  the  t e r r a i n  c o r r e c t i o n s  f o r  

Timber Mountain f a l l  wi th in  t h i s  category of accuracy, a s  shown by a 

eomparison of the  two types of c o r r e c t i o n s  fo r  c r i t i c a l  s t a t i o n s .  S imi la r  

fnspect ion  f o r  s t a t i o n s  i n  the  Shoshone Mountain a rea ,  however, showed t h a t  

t h e r e  a r e  d iscrepancies  between the  two methods ranging between -3 mGal and +2 

mGa1 f o r  ind iv idua l  s t a t i o n s .  Moreover, the  e r r o r s  a r e  d i s t r i b u t e d  s o  a s  t o  

e r e a t e  a  f a l s e  anomaly of a s  much a s  5 mgal. From inspect ion  the  sharp  

aorthwestward bulge i n  the  contours centered  a t  36'57-5'~. and 116°17.5'~. is 

caused mostly by t e r r a i n  co r rec t ion  inaccuracy of the  experimental method. 
I 
The cause of t h i s  inaccuracy appears t o  be very s t e e p  topographic s lopes  i n  . 

the Immediate v i c i n i t y  of the s t a t i o n s  (they were measured on i n d i v i d u a l  

peaks),  which could not be adequately accounted f o r  i n  the  present  ve r s ion  of 

the experimental computer method. 



Bouguer g r a v i t y  of Timber ?fountain and t h e  t r i a n g u l a r  zone 

The most important changes from P l a t e  4 t o  P l a t e  5 f o r  t h e  purposes of 

t h i s  r e p o r t  a r e  those  over Timber Mountain- The g r a v i t y  h igh  ( P l a t e  4) which 

e o r r e f a t e s  wfth t h e  peak a r e a  of no r th  Timber ?fountain, is no t  p r e s e n t  i n  
0 

P l a t e  5 .  There is a s l i g h t  southward d e f l e c t i o n  of t he  contours  i n  t h e  l o c a l  

peak a r e a ,  which sugges t s  t h a t  t h e  d e n s i t y  of t he  s u r f a c e  rocks is l o c a l l y  

less than  2-4 g/cm3. Otherwise, 2.4 g/cm3 seems t o  be  a n  a p p r o p r i a t e  d e n s i t y  

f o r  t h e  Bouguer c o r r e c t i o n  i n  t h e  nor th .  I n  t h e  south  a g r a v i t y  h igh  s t i l l  

c o r r e l a t e s  wi th  the  topography. The peak on t h e  g r a v i t y  h igh  t o  t h e  west 

would probably be e l imina ted  by a d e n s i t y  f a c t o r  of 2.5 o r  2.55 g/cm3, bu t  a 

broad, low-amplitude h igh  would remain. The peak t o  t h e  e a s t  is broader  and 

3 is p resen t  even on t h e  map reduced a t  2.67 g/cm . The conclus ion  is t h a t  a 

mass more dense than  2.4 g/cm3 ( t h e  average d e n s i t y  of t h e  rocks of Timber 

Mountain) must u n d e r l i e  t h e  e a s t  peak a i d  probably t h e  west peak. It seems 

e s p e c i a l l y  noteworthy t h a t  t h e  mapped p o r p h y r i t i c  mic rog ran i t e  c rops  out  a long  

the e a s t  edge of t h e  e a s t e r n  g r a v i t y  high. Carr  (1977) no te s  t h a t  t h e  

measured s p e c i f i c  g r a v i t y  of t h e  mic rog ran i t e  is  5.4 g/cm3 and a t t r i b u t e s  t h i s  

low va lue  t o  microporos i ty .  I f  t h e  mic rog ran i t e  is  t h e  cause of t h e  g r a v i t y  

h igh ,  its d e n s i t y  must i n c r e a s e  i n  t h e  subsu r face  i n  o r d e r  f o r  i t  t o  cause a n  

anomaly. The l a t e r a l  e x t e n t  of t h e  proposed subsu r face  body is not  c l e a r l y  

i n d i c a t e d ,  bu t  it is probably a few squa re  k i lome te r s  (a couple squa re  m i l e s )  

i f  f t  only u n d e r l i e s  t h e  e a s t e r n  reg ion  and perhaps twice  t h a t  i f  i t  u n d e r l i e s  

t h e  wes tern  a r e a  a s  well. 

There is about a 10-mGal d i f f e r e n c e  between t h e  g r a v i t y  f i e l d  over  t h e  

eouth moat and t h a t  over  Timber Mountain. This  anomaly would correspond t o  a 

minimum th i ckness  ranging from about 750 m (about 2500 f t )  t o  about  1200 m 

(about 4000 f t ) ,  f o r  a d e n s i t y  c o n t r a s t  range of 0.3 t o  0.2 g/cm3. A g r a v i t y  



d i f f e r e n c e  of about 20 mGal e x i s t s  between the  exposed rocks of Paleozoic  age 

in t he  southernmost p a r t  of SE an8 Timber Mountain. IE t he  r e l a t i v e  low over 

Timber &unta in  is caused e n t i r e l y  by a l t e r e d  Timber Flountain Tuff with an 

3 average  dens i ty  of 2.5 g/cm , then the  g r a v i t y  d i f f e r e n c e  suggests  t h a t  t h e  

a l t e r e d  t u f f  extends t o  a  depth of from 1500 -2500 m (about 5000-8000 f t ) ;  

t h i s  model assumes t h a t  a  rock of about the  same dens i ty  a s  the  rock of 

Paleozoic age forms the  base on which t h e  t u f f  rests. %he model a l s o  

i n d i c a t e s  t h a t  a  s i g n i f i c a n t  th ickness  of rock of low dens i ty  (presumably an 

o l d e r  t u f f )  cannot e x i s t  below the  Timber Xountain Tuff unless  the  Timber 

Mountain Tuff is thinned by an appropr ia t e  amount o r  unless  an equal  th ickness  

of rock of the  same dens i ty  under l ies  the  rocks of Paleozoic age t o  the  

sou theas t  . 
3 I f  an i n t r u s i o n  of average g r a n i t e  composition (2.60 g/cm ) is present  

beneath Timber Mountain, then it must p e n e t r a t e  the  p i l e  of Timber Mountain 

ind ica ted  i n  the  previous paragraph, because i t s  low dens i ty  r e l a t i v e  t o  rocks 

of Paleozoic age would cause an a d d i t i o n a l  negat ive  anomaly. The combined 

in t rus ion-volcanic  p i l e  could range from about 5  km (16,000 f t )  i n  th ickness  

i f  almost completely an i n t r u s i v e  mass, t o  about 2.5 km (8000 f t ) ,  i f  almost 

completely a  moderately a l t e r e d  t u f f  (assuming the  hose rock of Paleozoic age 

3 has an average dens i ty  of about 2.7 g/cm ), 

The g r a v i t y  anomaly over Timber !-fountain has an angular  o u t l i n e  caused by 

r e l a t i v e l y  s t e e p  l i n e a r  g rad ien t s  (shown by dashed l i n e s )  which e x i s t  on a l l  

s ides .  The s t e e p  g rad ien t s  m r k  the  approximate loca t ion  of the  major dens i ty  

c o n t r a s t  between the  domed Timber Mountain Tuff and the surrounding moat 

rocks. The l i n e a r i t y  and pos i t ion  of the  g rad ien t s  o f f e r  two a d d i t i o n a l  

i n s i g h t s  on the  shape of the  mass causing the  Timber Mountain g r a v i t y  high. 

h e  l i n e a r i t y  of the  g rad ien t s  show t h a t  the  resurgence of the  dome has been 

3 3 



accommodated along s t r a i g h t  l i n e  segments, which trust be  l i n e a r  f a u l t s -  Thus 

t h e  g r a v i t y  evidence a t t e s t s ,  l i k e  t h e  aeromagnet ic  evidence,  t h a t  t h e  

deformation accompanying t h e  vo lcan ie  even t s  i n  t h e  Timber Mountain r e g i o n  has  

g e n e r a l l y  taken p l ace  a long  a l i n e a r  f a u l t  system. The dominant d i r e c t i o n s  

are nor th ,  n o r t h e a s t ,  and w e s t  of northwest .  

The l o c a t i o n  of t he  g r a d i e n t s  o u t s i d e  of t h e  half-ampli tude t r a c e  of t h e  

anomaly shows t h a t  more than  ha l f  t h e  anomalous mass must l i e  centerward from 

t h e  g rad ien t s .  For a s ing le -dens i ty  sou rce  t h i s  mass d i s t r i b u t i o n  would 

r e q u i r e  t h a t  t h e  wa l l s  of t he  mass d i p  inward. A two-density s t r u c t u r e  such 

as t h a t  given by a h igh  d e n s i t y  Igneous mass p e n e t r a t i n g  a lower d e n s i t y  

v o l c a n i c  p i l e ,  w u l d  be  an  a l t e r n a t e  model. 

The t r i a n g u l a r  a r e a  of high g r a v i t y  south  of t he  south  moat of Timber 

Mountain h a s .  about t h e  same g r a v i t y  l e v e l  a s  Timber Mountain S i m i l a r l y ,  t h e  

g r a v i t y  va lues  over t h e  south  moat of Timber Mountain a r e  about  t he  same l e v e l  

a s  those  i n  t h e  broad low t h a t  l i e s  t o  t he  south  of the  t r i a n g u l a r  a r e a  of 

h igh  g r a v i t y .  h e  g r a v i t y  high i n  t h e  w e s t  p a r t  of t he  t r i a n g u l a r  a r e a  

co inc ides  with a broad exposure of t h e  C r a t e r  F l a t  Tuff and i n t e r c a l a t e d  l ava  

f lows;  a more l o c a l  h igh  occurs  near  a smaller exposure of t h e  same v o l c a n i c  

u n i t  along t h e  boundary between SW and SC jusc souch of 3 6 ' 5 3 ' ~ .  Thls 

vo lcan ic  u n i t  is a s s o c i a t e d  with t h e  S leeping  Bu t t e  ca lde ra ,  the  o l d e s t  

v o l c a n i c  s t r u c t u r e  known i n  the  complex. The e a s t e r n  g r a v f t y  h igh  i n  t h e  

t r i a n g u l a r  a r e a ,  which reaches approximately t h e  same l e v e l  a s  t h e  one t o  t h e  

w e s t ,  is unde r l a in  by u n i t s  of t h e  younger Pa in tb rush  Tuff thae  a r e  a s s o c i a t e d  

wi th  t h e  C l a i m  Canyon c a l d e r a ;  ano the r  c a l d e r a ,  t he  S i l e n t  Canyon, w a s  formed 

between t h e  t imes of formation of t h e  Claim Canyon and t h e  S leeping  Bu t t e  

ca lde ra s .  Presumably, cons ide rab le  t h i cknesses  of younger low-density 

vo fcan ic  rocks a s s o c i a t e d  with these  c a l d e r a s  should cause a much lower 



g r a v i t y  f i e l d  i n  the  a r e a  of the  e a s t e r n  high. 

The s i g n i f i c a n c e  of the  comparabi l i ty  of the  g rav i ty  over a r e a s  under la in  

by s u b s t a n t i a l l y  d i f f e r e n t  geologic u n i t s  is not  c l e a r l y  understood. The 

angular  na ture  of the t r i a n g u l a r  a r e a  i n d i c a t e s  t h a t  its source is h o r s t - l i k e ,  
e 
probably with a s t e e p e r  boundary on the  nor th  than on the sou theas t .  The 

g r a v i t y  l e v e l  over the  western p a r t  could be explained i f  t h e  under ly ing 

vo lcan ie  u n i t s  a r e  r e l a t i v e l y  dense l i k e  those of Timber Mountain, o r  i f  a  

t r i a n g u l a r  wedge of the  Paleozoic basement has been l i f t e d  up r e l a t i v e  t o  the  

a r e a s  t o  the  north and south. I n  e i t h e r  case the  volcanic  u n i t s  of t h e  Claim 

Canyon and S i l e n t  Canyon ca lde ras  must be e i t h e r  very t h i n  o r  a l t e r e d  i n t o  

rocks a s  dense a s  those of Timber ?fountain. A p o s s i b i l i t y ,  perhaps u n l i k e l y ,  

is t h a t  both groups of volcanic rocks a r e  remnants of t h e i r  a s s o c i a t e d  ca lde ra  

domes. The genera l  appearance of the  g r a v i t y  low t o  the  south of the  

t r i a n g u l a r  zone suggests  tha t  i t  is caused by volcanic  t u f f s  of low d e n s i t y ,  

probably 2.2 g/cm3. I f  t h i s  dens i ty  is c o r r e c t  t h e  th ickness  would be more 

than 1500 m (more than 5000 f t )  r e l a t i v e  t o  the  Paleozoic rocks but  probably 

not  more than 2500 m (about 8000 f t ) .  The volcanic  u n i t s  could be those of 

e i t h e r  the  Claim Canyon ca ldera  (Paintbrush Tuff)  o r  the  S i l e n t  Canyon 

caldera. Thc c lose  a s soc ia t ion  nf the grav i ty  high i n  the  western p a r t  of the  

t r i a n g u l a r  zone with the  known rocks of the  Sleeping Butte ca lde ra  sugges t s  

t h a t  these  u n i t s  a r e  not the  cause of the  g rav i ty  low unless these  rocks i n  

the  area of the g r a v i t y  high were p a r t  of the  dome of the  ca ldera .  



Summary and Discuseion 

The new aeromagnetic survey and the  a d d i t i o n a l  new g r a v i t y  s t a t i o n s  i n  

the Timber Mountaln a rea  have brought t o  l i g h t  s e v e r a l  new aspec t s  of the  

eubsurface geology of the  region. F i r s t  and most c l e a r l y  demonstrated is t h a t  

the s t r u c t u r a l  accommodation t o  the  volcanic  forces  i n  t h e  region has taken 

place along a system of l i n e a r  f a u l t s .  The c l e a r e s t  evidence is the  g r a v i t y  

and nagnet ic  da ta  f o r  the  region surrounding Timber Mountain and the  g r a v i t y  

da ta  f o r  Timber Mountain i t s e l f .  The aeromagnetic da ta  has ,  i n  a d d i t i o n ,  

shown t h a t  the  magnetism of the  rocks of t h e  c e n t r a l '  graben and of t h e  

southeas tern  margin of Timber Mountain is d i f f e r e n t  from t h a t  of the  remainder 

of the  area. A l i k e l y  explanation is  t h a t  the  magnetic p r o p e r t i e s  have been 

a l t e r e d  by a heat ing  event probably caused by i n t r u s i v e  a c t i v i t y  along t h e  

sou theas t  margln and by hydrothermal a l t e r a t i o n  i n  the  c e n t r a l  graben- An 

a l t e r n a t e  explanat ion  f o r  the  c e n t r a l  graben is t h a t  the  rock u n i t s  of t h a t  

a r e a  have been dropped c l o s e r  t o  and heated by an igneous source. The source 

would have t o  be c l o s e  enough t o  r a i s e  the  temperature of the  rock above t h e  

Curie point .  

%he most important conclusion f o r  the  purposes of t h i s  r epor t  is t h a t  the  

i n t r u s i v e  rock mapped along the southeas t  margin probably extends i n  t h e  

ehallow ( l e s s  than 2000 f t  ?) subsurface a couple of miles t o  the  w e s t  and 

poss ib ly  under l ies  much of the  southern p a r t  of Timber Mountain. The evidence 

o t rohgly  suggests  t h a t  the  rock u n i t s  underlying the  southern p a r t  of Timber 

Mountain are  denser than those t o  the  nor th .  The nature  of the  d e n s i t y  

eliange--that is, whether i t  is i n t r u s i v e  rock o r  a densif  i c a t i o n  of volcanic  

rock units--cannot be unequivocally determined. Fur ther  geophysical  work, 

probably g e o e l e c t t t c a l  surveys and u l t ima te ly  d r i l l i n g ,  would be needed t o  

f ulPy resolve  t h i s  quest ion.  



mere is sugges t ive  evidence of c a l d e r a  o u t l i n e s  somewhat d i f f e r e n t  from 

ehose revea led  by s u r f a c e  geologic  evfdence. The most s t r o n g l y  i n d f c a t e d  and 

*moat  s i g n i f i c a n t  of t h e s e  o u t l i n e s  r e p r e s e n t s  a s u b s t a n t i a l  southward 

ex tens ion  of t h e  S i l e n t  Canyon ca lde ra .  The r e s u l t s  i n d i c a t e  t h a t  t h e  

n o r t h e r n  p a r t  of t h e  Timber ?fountain c a l d e r a  now o v e r l i e s  t h e  southernmost  

p a r t  of the  o l d e r  ca lde ra .  Otherwise it is d i f f i c u l t  t o  e x p l a i n  t h e  no r th -  

and northwest-dipping g r a v i t y  g r a d i e n t s  i n  t h e  moats on t h e  w e s t  and n o r t h e a s t  

s i d e s ,  r e s p e c t i v e l y ,  of Timber Mountain. 

%he w e s t  and south  boundaries  of t h e  Timber ?fountain moat a r e  c l e a r l y  

%ndica ted  by the  aeromagnetic and g r a v i t y  d a t a .  The  northwest  and s o u t h e a s t  

s i d e s  a r e  i nd ica t ed  i n  t h e  magnetic d a t a ;  t h e  l ack  of c o r r e l a t i v e  g r a v i t y  

exp res s ion  sugges t s  t h a t  t hese  boundar ies  c r o s s  a r e a s  unde r l a in  by s u b s t a n t i a l  

t h i c k n e s s e s  of o l d e r ,  low-density v o l c a n i c  u n i t s ,  which prevent  t h e  

development of h o r i z o n t a l  d e n s i t y  c o n t r a s t s  a t  sha l low depth.  The e a s t e r n  

moat a r e a  is l e a s t  c l e a r l y  i nd ica t ed .  Grav i ty  and magnetic evidence is 

obscured by the  anomalies caused by mafic vo lcan ic s  a t  t h e  east  edge of Timber 

Mountain- The e a s t e r n  moat a r e a  may be a t r i a n g u l a r  zone wtth i ts  e a s t e r n  

apex b lun ted  a g a t n s t  what may be t h e  w a l l  of an o l d e r  c a l d e r a *  

The g r a v i t y  and aerornagnetic anomalies i n  t h e  t r i a n g u l a r  a r e a  southwest  

of Timber Mountain a r e  t he  most c l e a r l y  def ined  and probably t h e  l e a s t  

understood. The geology-gravity c o r r e l a t i o n s  sugges t  t h a t  t h e  v o l c a n i c  u n i t s  

s f  t h e  S leeping  But te  c a l d e r a  shown i n  t h e  t r i a n g u l a r  a r e a  a r e  conf ined  a t  

eha t  l e v e l  t o  an u p l i f t e d  h o r s t  and t h a t  they do not  extend u n i n t e r r u p t e d l y  

eouthward a s  i n t e r p r e t e d  Erom the  s u r f a c e  geology (Byers and o t h e r s ,  1976, 

e r o s s  sece  ion  A-A' ) . . .  . . . 
. . 
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