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This report was prepared t o  document work sponsored by the United States  

Government. 

Department o f  Energy, nor any Federal employees, nor any of t h e i r  

contractors ,  subcontractors or t h e i r  employees , makes any warran ty ,  express 

or implied, or assumes any legal l i a b i l i t y  or responsibi l i ty  fo r  the 

accuracy, completeness, or usefulness o f  any information, apparatus, 

product or process disclosed, or represents t h a t  i t s  use would n o t  infringe 

pr ivately owned r igh ts .  

Neither the United S ta tes  nor  i t s  agent, the United States  

Reference t o  a company or product name does n o t  imply approval or 

recornvendation of  the product  by the University of U t a h  o r  the U.S. 

9epartvent of Energy t o  the exclusion o f  others t h a t  may be su i tab le .  
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ABSTRACT 

B 

During FY-79 the K/Ar dating laboratory a t  the  Departinent of 

Geology a n d  Geophysics of the University of U t a h  became operational . 
During the past calendar year forty-seven dates have been produced 

from areas predorninantly in Utah .  Dating has a lso been done i n  

s u p p o r t  of University of Utah Research Ins t i tu te /Ear th  Sciences 

Laboratory programs on areas i n  Nevada a n d  Montana through the 

State-Coupled program and Case Studies S u p p o r t  program. 

Areas in  which a c t i v i t y  was concentrated include: 

Cove Creek Domes/ Twin Peaks Area, S1-l Utah .  Here volcanic 

a c t i v i t y  spanned the time from 2.74 t o  2.35 M . Y . ,  with a mean age of 

2.50 _+ 0.14 M . Y .  

Black Rock Desert, SW Utah .  Two dates on a s ingle  flow indicate  

a n  age o f  1.49 _+ 0.08 P1.Y. f o r  a f l o ~  previously undated. 

Wildcat Creek Area, SIJ Utah .  D a t i n g  of rhyol i te  flows from t h i s  

area gives a nean age of volcanism of 9.25 t 0.16 M . Y . ,  considerably 

older t h a n  previously inferred by the work of Haugh  ( 1 9 7 8 ) .  

Mineral I loun ta ins  Pluton, SCJ Utah .  Twelve dates on phases o f  the  

p l u t o n  indicate  a complex history of intrusion, a n d  more work i s  

indicated in  order t o  derive a coherent picture  of t he  magmatic events 

leading t o  the formation o f  t h i s  bathol i th .  

Blackfoot Reservoir, Idaho. Two dates  on rhyol i te  domes, 

previously undated, give ages of 1.56 t 0.06 M . Y .  and  1.28 t 0.15 M . Y .  

I n  addition t o  the previous dating a c t i v i t y ,  ages of uni ts  in 

areas o f  i n t e r e s t  in Nevada have been obtained. These areas include 

i v  



Beowawe, San Emidio,  and Soda Lake. This  work was done under t h e  

I n d u s t r y  Coupled Program. Four samples were a l s o  d a t e d  f o r  t he  

Nontana Geo log ica l  Survey a s  p a r t  o f  the S t a t e  Coupled Program. 

V 



I I.ITKC)DUCT IO?4 

The purpose o f  t h i s  sur;ll;lary report i s  t o  present radioqetr ic  ages 

produced as p a r t  o f  t h e  g2othermal research proqram a t  the University 

of U t a h  d u r  ng  the past year. Yuch o f  the  age dating work coinprises 

o n l y  a port  on of larger  geologic s tudies  so i t  soens appropriate t o  

sumnarize the geochranologic d a t a  here, leaving geologic 

in te rpre ta t ion  t o  be included in separate reports on the individual 

projects .  

The capabi l i ty  t o  produce potassiu?/argon age dates  has only 

recently bilen acquired by the Depart-nent of Geology a n d  Seophysics of 

the University of U t a h .  The systen becane f u l l y  operational during 

the spring of 1979. Yost i n i t i a l  extract ions were ca l ibra t ion  runs, 

and  the f i r s t  a c t u a l  dating o f  unkno.,rns began l a t e  in t h e  spring. 

Since t h a t  t i n e  a b o u t  seventy-five dates have been produced by the 

l a b ,  m s t  of which pertain t o  geothermal research. 

E X P E R I  !lE NTAL f l E T H O D  

I n  o u r  l a b o r a t o r y  the f o l l o w i n g  procedure i s  fo1lo:wl f o r  sayple 

preparation a n d  potassiul.1 a n d  a r g o n  analyses: 

Ilinerals a n d  whole-rock samples a re  prepared in a i i ne ra l  

separation 1 aboratory. Minerals a re  separated usi n q  standard 

techniques such as heavy l iqu ids ,  shaker tab le  a n d  qagnetic 

s2parators.  ilhole-rock sa-nples a re  crushed, s p l i t  a n d  cleaned in 

phosphoric acid t o  renove surface contal inat ion a n d  c a l c i t e .  

Potassiuln a n d  argon analyses are  perforned on separate a l iquots .  

Potassiuln i s  analysed using a potassiuln xetaborate fusion technique 
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described in Ingawl l s  (1964),  S u h r  a n d  Ingawl ls  (1966)  a n d  Nash a n d  

Crecraft  ( 1 9 7 7 ) .  This w t h o d  takes s m p l e s  in to  solution via a 

l i t h i m  netaborate f l u x ,  which also s2rves as a n  in ternal  standard. 

The fusion beads a re  then dissolved and di luted t o  a standard v o l n e .  

Potassiuq i s  then determined on a f laqe photowter  using in-house 

standard rock powders and  a ine ra l s .  

Argon analyses are  accovplished using isotope d i lu t ion  techniques 

described by Dal ryqpl e a n d  Lanphere (1969) .  The procedure fol 1 o;,ed 

fo r  extract ion of a r g o n  f ro1  samples i s  t h a t  o f  Evernden a n d  Curtis 

(1965) with rilinor qodif icat ions.  Basically,  a rock o r  mineral salnple 

i s  fused using an  K.F. induction furnace, the a rgon  a n d  o t h e r  cj3ses 

being r e  eased upon fusion. The reactive gases a re  removed as 

follotrs: 

w i t h  a c pper oxide furnace a n d  t h e n  absorbed on zeo l i t e ;  COz i s  

absorbed by a copper ineta1 furnace, and  nitrogen i s  absorbed by 

titaniurn/zirconiuq ne ta l s  in  a furnace operated a t  450°C. 

copper/copper oxide furnace i s  operated a t  850OC. 

t h a t  reqain,  pr incipal ly  a r g o n ,  are  collected on c h a r c o a l  a t  l iquid 

nitrogen tevperature an3 renoved fro? the extract ion l i ne  with a 

glassblo?rer 's  torch. 

systen of the nass spectroneter a n d  subsequently analysed fo r  the 

anoun t  of radiogenic a r g o n  present in each sanple. 

llater i s  absorbed by zeo l i t e ;  hydrogen i s  oxidized t o  irater 

The 

The ine r t  gases 

Argon sarnples a re  attached then t o  the i n l e t  

An a t tenpt  has been tnade t o  assess the precision a n d  accuracy  of 

age determinations in o u r  l a b o r a t o r y .  The precision of po ta s s im 

analyses i s  a b o u t  0.5 percent of the anount  present typ ica l ly .  

Accuracy i s  sa t i s fac tory  as detervined by comarison o f  r e su l t s  ui th  
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t h a t  of other laborator ies  a n d  d a t a  froq F l a n a q a n  ( 1 9 7 6 ) .  The 

precision of a r g o n  determinations appears t o  be a r o u n d  0.5 t o  1 

percent of the ainount present,  based on the r e s u l t s  f ro? replicated 

saqples. Accuracy i s  judged sa t i s fac tory  b a s e d  on co.nparison of dates 

produced in o u r  l a b o r a t o r y  : $ i t h  dates on  the s a w  rock uni ts  produced 

by others .  These coqparisons indicate on  the order of 1-2 percent 

randoin discrepancy between our  laboratory a n d  other r e su l t s  f ro2 

U.S.G.S. laborator ies  a n d  the K/Ar l a b o r a t o r y  of the University of 

California a t  Berkeley. 

RESULTS TO DATE 

1 .  Cove Creek Do-iles/Twin Peaks Area, SW U t a h .  

This area has been the subject of study f o r  the l a s t  two years as 

p a r t  of a coqparative study in conjuncti3n with the extensive ;.tork a t  

Roosevelt Hot Springs K G K A  j u s t  t o  the south. 

location of t h i s  area with respect t o  other i q o r t a n t  locations in the 

v ic in i ty .  Table 1 l i s t s  the dates thus f a r  obtained on various 

rhyo l i t i c  uni ts  f ro?  t h i s  area. Briefly these dates indicate  a 

complex his tory of maqlxa evolution based on chenical d a t a .  This 

chemical d a t a  suggests a systenat ic  change in naglna conposition 

representing successive tappings of a s ingle  ;nag?a cha-nber. The 

descr ipt ion of the  geologic evolution of t h i s  area will be the  subject 

of  a separate repor t ,  b u t  i t  i s  important t o  s t r e s s  t h a t  the 

geochronologic constraints  placed on the  rock un i t s  of  t h i s  region 

!,till p l a y  an  ex t re -wly  i m p o r t a n t  role  i n  delineating the space- t iw 

evoluti3n o f  t h t e  magna syste-n of t h e  Cove Creek Doaes/Tuin Peaks 

Figure 1 sho:.rs t he  
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F i g u r e  1. I n d e x  map o f  l o c a t i o n s  where s a m p l e s  were d a t e d  f r o m  U t a h .  
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Table 1: Ages-Cove Creek Domes/Twin Peaks, SW Utah 

40 Mol es/gni 
Ari:d(X1O1 l )  Mr  

Sample No. U n i t  Material  D a t e d  \</eight (gms). %K Age ( M . Y . )  

cc77-4 - Sanidine 

CC77-8 - Sanidi ne 

cc77-9 - Obs i di an 

CC77-15 - Sanidine 

CC77-18 r Obsidian 

CC77-19 - Obsidian 

CC77-20 - Sanidine 

CC78-30 - Sanidi ne 

5.03561 

5.00946 

4.18221 

2.84346 

5.15987 

4.27443 

3.00774 

4.04411 

7.56 

9.38 

4.36 

4.91 

3.99 

4.11 

8.523 

8.267 

3 .’175 

3.830 

1.986 

2.335 

1.758 

1.733 

3.720 

3.491 

24 

24 

46 

38 

42 

66 

21 

22 

2.35 t 0.08 

2.35 L 0.08 

2.63 t 0.10 

2.74 5 0.10 

2.54 0.09 

2.43 t 0.12 

2.51 0.08 

.2.43 t 0.08 

Mean P,ge (+one sigma) 2.50 t 0.14 

Constants  Used: 
x = 4.962 x lO-’’/yr. 

x = 0.581 x lO-”/yr. 

= 1.167 x Mole/Moi e K / K T o t  

-I_ 

8 

E 

40 
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region. 

An important conclusion which can be reached independently of the 

magma systematics i s  t h a t  a c t i v i t y  t o o k  place i n  t he  interval 2.74 

M.Y. t o  2.35 M . Y .  ago w i t h  a mean age of volcanism of 2.50 c 0.14 M . Y .  

No r h y o l i t i c  volcanic a c t i v i t y  has been detected since t h i s  time. 

Therefore, t he  Cove Creek Domes/Twin Peaks area i s  of minimal 

importance as a source of h i g h  temperature geothermal f l u i d s  although 

low temperature resources a re  yet  t o  be assessed adequately. 

2 .  Black Rock Desert, S1J Utah .  

Two dates have been obtained on samples of basal t  from the Black 

Rock Desert area j u s t  ea s t  of Cove Creek Domes/Twin Peaks ( s e e  Figure 

1 ) .  This area has been under study by Nash (1979). Geologic m a p p i n g  

and petrologic study in  t h i s  area i s  p a r t  of t he  prograrn f o r  geologic 

technique development and i s  important i n  completing the  regional 

geologic picture  of the environs of t he  Roosevelt Hot Springs and  Cove 

Fort/Sulphurdale K G R A ' s  as well as focusing on an  area in which the  

most recent episodes of volcanism in U t a h  (800 years o l d )  a re  found. 

This would  indicate  a possible potential f o r  low temperature 

appl icat ions which a re  yet  t o  be evaluated. 

obtained f o r  t h i s  area a re  given in Table 2. 

The dates thus f a r  

3. - Hildcat Creek Area, S11 Utah .  

This area was the subject of a recent report  ( H a u g h ,  1978) in  

which the age o f  volcanism was speculated t o  be as recent as 

Quaternary,. Dating of rocks from the area was undertaken so as t o  

determine the age of the volcanics i n  order t o  assess any geothermal 
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potential  t h a t  m g h t  be associated with the speculated Quaternary 

volcanic episode Dates on samples collected a re  given in T a b l e  3 ,  

and  the location of the area i s  shown in Figure 1. As can be seen, 

the age of volcanism i n  t h i s  area i s  9.25 k 0.16 M . Y .  

indicate  the area t o  be of low geothermal potent ia l .  Two samples, 

K C 7 7 - 3  and WCC77-8, have anomal ously young ages, and  detai  1 ed work 

indicates  a rgon  loss  has been suffered by these samples upon 

weathering. Thus, i t  i s  f e l t  t h a t  a l l  volcanic uni ts  of t h i s  area are 

contemporary. An expanded report on th i  s area i ncl udi  ng chemical d a t a  

will be prepared a t  a l a t e r  date.  

This would 

4.  Mineral Mountains P l u t o n ,  SW U t a h .  

Mapping o f  the p l u t o n  in the Mineral Mountains was undertaken two 

years ago  by personnel of the University o f  U t a h  Research 

Ins t i tu te /Ear th  Sciences Labora tory .  Figure 1 shows the location of 

t h i s  area.  

f i e l d  work done by personnel of the Department of Geology and 

Geophysics of the University of Utah (Bowers, 1978) dating of sanples 

from the area have been undertaken, Four dates from the p l u t o n  done 

on material produced by departmental f i e l d  work are  given in Table 4 .  

Table 5 l i s t s  dates completed f o r  materials collected during 

University of U t a h  Research Inst i tute/Earth Sciences Laboratory f i e l d  

work. 

the dating. I t  i s  obvious t h a t  work t o  date indicates  a complex 

his tory o f  magmatism in the Mineral Mountains area,  a n d  fur ther  work 

i s  anticipated i n  FY 80. To t h i s  end a cooperative prograrn has been 

I n  cooperation with t h i s  e f fo r t  as well as an  extension of 

No attempt will be made here t o  describe the ramifications of 
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Table 4: Flineral Mountains Pluton. 

40 Ill01 es/giii 
Ark:d(X1O1l) %At- 

Sample No. U n i t  Material Dated Weight (qrns). % K  Age ( M . Y . )  

20.8 t 0.4  G C - 2  Tqm Biot i te  0.39125 7.17 25.983 60 

Bio t i te  0.39957 7.17 18.333 57 14.7 t 0.6 

Bio t i te  0.41048 6.86 19.832 35 16.6 t 0.6 

Biot i te  0.37862 7.74 20.490 54 15.2 t 0.6 

GC-8 Tqm 

GC-1OB Tqm 

G R - I 1  Tg 

Constants Used: 
A = 4.962 x 10-"/yr. 

A = 0.581 x lO-"/yr. 

I 

a 
E 

= 1.1G7 x Mole/i4ole 40 i: /Got 



- 

Table 5: 

21 

ineral  Mountains Pluton; Dates for ESL. 

40 Mol es/gni 
Ar::d(XIO* I )  bAratm 

Sample No. Unit Matcrial Dated Weiqht (yr i i s ) .  %K Age ( M . Y . )  

UT/MM79-1 

UT/MM79-2 

UT/MM79- 3 

UT/MM7 9 - 5 

UT/ MM 7 9 - 7 

UT/MM79- 8 

UT/MM79-10 

UT/MM78-170 

T g r  

Tmd 

Tmd 

Trd  

P€n 

P-Cn 

PCbg 

P€gn 

Constants Used: 
h = 4.962 x 10-"/yr. 

B 

Biot i te  

Act inol i te  

Bio t i te  

Hornblende 

Whole Rock 

Bio t i te  

Hornblende 

Bio t i te  

Hornblende 

Biot i te  

B i  o t i  t e  

Hornblende 

x = 0.581 x 10-io/yr. 

K A0 = 1.1G7 x Mole/Molc 

E 

0.87306 

3.07359 

0.88416 

1.80856 

1.52316 

0.78108 

3.40752 

0.78276 

6,24152 

0.77447 

0.79213 

3.36818 

6.61 

0.24 

6.02 

1.57 

4.10 

7.40 

0.59 

7.39 

0.78 

7.60 

7.40 

0.78 

13.736 

2.251 

13.039 

5.134 

6.462 

12.925 

0.301 

13.381 

2.964 

13.016 

12.666 

3.986 

28 

64 

43 

49 

50 

58 

51 

25 

35 

47 

50 

27 

11.9 rf. 0.4 

53.1 k 2.4 

12.4 t 0.5 

18.8 ? 0.7 

9.06 t 0.34 

9.80 2 0.42 

29.2 f. 1.1 

10.4 t 0.4 

21.8 f. 0.8 

9.85 k 0.36 

9.86 k 0.37 

29.4 t 1 . 0  

C-L 
ro 
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under taken  by  U n i v e r s i t y  o f  Utah Research I n s t i t u t e / E a r t h  Sc ences 

L a b o r a t o r y  w i t h  U.S.G.S. personnel  t o  o b t a i n  Rb/Sr geochrono o g i c  da ta  

which nay p rove  i n v a l u a b l e  i n  s o r t i n g  o u t  t h e  n a g v a t i c  even ts  i n  t h e  

p l u t o n i c  conpl  ex. 

5. B l a c k f o o t  R e s e r v o i r ,  Idaho. 

As p a r t  o f  a t h e s i s  p r o j e c t  i n  t h e  Departnnent o f  Geology and 

Geophysics o f  t h e  U n i v e r s i t y  o f  U tah  ( H u t s i n p i l l e r ,  1979)  d a t i n g  of 

two r h y o l i t e  domes was under taken.  The l o c a t i o n  o f  t h i s  area i s  shorn 

i n  F i g u r e  2. 

contenporaneous w i t h  o t h e r  domes t o  t h e  s o u t h  l y i n g  v r i t h i n  t h e  

B l a c k f o o t  R e s e r v o i r .  

The ages o f  t h e s e  doaes i n d i c a t e  t h a t  t h e y  a r e  

Table 6 p r e s e n t s  age d a t a  f o r  t h e  t!ro doaes. 

6. E a r t h  Sc iences L a b o r a t o r y  Support .  

I n  a d d i t i o n  t o  t h e  d a t i n g  t a b u l a t e d  t h u s  f a r ,  v a r i o u s  saqples 

have been da ted  as p a r t  o f  g e o l o g i c  suppor t  f o r  E a r t h  Sciences 

L a b o r a t o r y  p rog ravs  such a s  t h e  S t a t e  Coupled program, I n d u s t r y  

Coupled program, and t h e  case s t u d y  o f  Rooseve l t  Ho t  S p r i n g s  KGRA. 

Tab le  7 l i s t s  f o u r  samples da ted  f o r  t h e  Plontana G e o l o g i c a l  

Survey; Tab le  8 l i s t s  da tes  on samples f r o q  BeoNawe Area, iievada; 

Table 9 i n c l u d e s  da tes  on savp les  f r o ?  San Ernidio, Nevada; and Tab le  

10 i n c l u d e s  da tes  on samples f r o 7  Soda Lake, lievada. As a l l  t h e  above 

r.iork w i l l  be i n c l u d e d  i n  o t h e r  r e p o r t s  o r i g i n a t e d  by ESL, no f u r t h e r  

d e s c r i p t i o n  i s  o f f e r e d  here.  

c ON c L ? 5 I 0 N s 
The p a s t  y e a r  has seen t h e  K / A r  l a b o r a t o r y  b r o u g h t  on l i n e  w i t h  
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Figure 2. Index niap showing sample locations near Blackfoot 
Reservoir, Idaho. 
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Table 8: Samples from Beowawe, Nevada, 

0 40 Mol es/ym 
Ari:d(X1O1l) iAratm 

Sample No. U n i t  Material Dated Weiqht (gms). %K Age ( M . Y . )  , 

615.11 - B i o t i t e  0.34495 6.71 45.610 24 38.8 f 1.3 

620-2 (1) - Whole Rock 3.32479 1,27 3.659 53 16.6 t 0.7 

620-2(2) - Whole Rock 3,01703 1.27 3.692 61 16.7 t 0.7 

Whole Rock 5.06662 0.76 2.172 69 16.3 t 0.8 4125-3 r 

Cons tan t s  Used: 
A = 4.962 x 10-”/yr .  e 

= 1.167 x Mole/Mole 40 
”Tot.  
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Tab le  10: Sanmles from Soda Lake. Nevada. 

Mol es/gni 
Ar~~d(XIO1l) 

Aqe { M . Y . )  a im  Sample No. U n i t  Material Dated  Weight (gms) .  %K 

Nevco 79-1 B a s a l t  Whole Rock 16.35844 2.17 0.387 63 1.03 +_ 0.05 

Nevco 79-5 B a s a l t  Whole Rock 7.67900 1.28 1.546 76 6.96 2 0.42 

Cons tan t s  Used: 
x = 4.962 x 10-”/yr. 

x = 0.581 x lO-’*/yr. 
e 
c 

ro 
0 
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3 

3 

t h e  s u p p o r t  of t h e  D e p a r t v e n t  o f  E n e r g y .  R e c e n t l y ,  c o n s t r u c t i o n  o f  a 

s e c o n d  e x t r a c t i o n  l i n e  w a s  i n i t i a t e d  a n d  when  o p e r a t i o n a l  w i l l  boost 

o u t p u t  c o n s i d e r a b l y .  I t  i s  a n t i c i p a t e d  t h a t  i n  t h e  f u t u r e  a d e q u a t e  

s u p p o r t  w i l l  b e  a v a i l a b l e  f o r  a l l  a n t i c i p a t e d  p r o q r a r i l s  of b o t h  E a r t h  

S c i e n c e s  L a b o r a t o r y  a n d  t h e  U n i v e r s i t y  of U t a h .  

i n d i v i d u a l  s a m p l e s  w i l l  p r o b a b l y  b e  on t h e  o r d e r  of  t x o  t o  t h r e e  

m o n t h s  u n t i l  t h e  p r e s e n t  b a c k l o g  i s  c l e a r e d  t h i s  s p r i n g .  

T u r n - a r o u n d  t i q e  f o r  
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