
BEAVER COUNTY, UTAH 

Dennis L. Nielson, Bruce S. Sibbett, D. Brooks McKinney, 

Jeffrey B. Hulen, J .  N. Moore, and Susan M. Samberg 

December, 1978 

Work performed under Contract No. EG-78-C-07-1701 

SCZENCE LABORATORY 

Division of Geothermal Energy ' 



DISCLAIMER 
 

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



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



W 

NOTICE 

T h i s  report was prepared t o  document work sponsored by the United States 

Government, Neither t h e  United States nor i t s  agent, t h e  United States 

Department of Energy, nor any Federal employees, nor any of their  contractors, 

w 

subcontractors or their employe.es, makes any warranty, express or implied, or 

w assumes any 1 egal 1 5 abi 1 4 ty or responsi b i  1 i t y  for  the accuracy, completeness , 
or usefulness o f  any information, apparatus, product or process disclosed, or , 

represents tha t  i t s  use waul d not i n f  ri nge p r i  vately owned r ights .  

NOT1 CE 

Reference to  a company or  product name does not-imply approval or 

recommendation o f  t h e  product by the University o f  Utah Research Institute or 

the U.S. Department o f  Energy t o  t h e  exclusion of others t h a t  may be suitable. 

VtrJ 

u', 

3 

i 



ID0/78-1701 b 1 1 3 
ESL-12 rp 

U 
19 

3 

GEOLOGY OF ROOSEVELT HOT SPRINGS KGRA, 

BEAVER COUNTY, UTAH 

Dennis L. Nielson, Bruce S. Sibbett, D. Brooks McKinney, 

Je f f rey  B. Hulen, J.N. Moore, and Susan M. Sarnberg 

EARTH SCIENCE LABORATORY 
UNIVERSITY OF UTAH RESEARCH INSTITUTE 

391-A Chi peta Way 
Sal t  Lake City, Utah 84108 

3 Date Published - December, 1978 

Prepared f o r  t he  
U. S. DEPAlZTMENT OF ENERGY 

D I V I S I O N  OF GEOTHERMAL ENERGY 
Ir, 

UNDER CONTRACT EG-78-C-07-1701 

d 

, 
CJm PSTXUBUTION OF THIS DOCUMENT IS UNLIMITED 



3 

3 

J 

3 

rs 

3 

CONTENTS 

Page 

INTRODUCTION e 0 . 0 3 

GEOLOGY 0 0 0 0 0 . 0 0 0 6 

Regional Set t ing ....................... 6 

General Geology o f  t he  Mineral Mountains . . . . . . . . . . . .  7 

Li tho log ies o f  the  Roosevelt Hot Springs KGRA . . . . . . . . .  8 

Precambrian ........................ 8 

Banded gneiss (P€bg) . . . . . . . . . . . . . . . . .  8 

Metaquartzite (P€q) . . . . . . . . . . . . . . . . .  13 

S i l l iman i te  sch is t  (P€s) . . . . . . . . . . . . . . .  13 

B i o t i t e  gneiss (P€n) . . . . . . . . . . . . . . . . .  14 

Hornblende gneiss (P€gn) . . . . . . . . . . . . . . .  15 

Te r t i a ry  ......................... 21 

Hornblende d i o r i t e  (Td) . . . . . . . . . . . . . . .  22 

B i o t i t e  quartz monzonite (Tqm) . . . . . . . . . . . .  22 

Porphyr i t ic  grani te  (Tpg) . . . . . . . . . . . . . .  23 

Syeni te(Ts) ..................... 26 

Grani te(Tg)  ..................... 26 

Fine-grained grani te  (Tgr) . . . . . . . . . . . . . .  26 

Microdlor i te  (Tmd) . . . . . . . . . . . . . . . . . .  29 

Diabase (Tds) .................... 29 

Rhyol i te dikes (Trd) . . . . . . . . . . . . . . . . .  32 

P 

Lf 



Page - 

bd. 
J 

3 

d 

d 

d 

r, 

Quaternary . . . . . . . . . .\. . . . . . . . . . . . . . 32 

Rhyolites (Qrd, Qrf, Ora) . . . . . . . . . . . . . . 32 

Hot Spring Deposits (Qs, Qcal). .  . . . . . . . . . . . 34 

Subsurface Information . . . . . . . . . . . . . . . . . . . . 34 

1 
+ i  

Ident i f icat ion of C u t t i n g s  . . . . . . . . . . . . . . . . 34 

Thermal Power Company Utah Sta te  72-16 . . . . . . . . . . 36 

Getty O i l  Company Utah State  52-21 . . . . . . . . . . . . 37 

University O f  Utah Thermal Gradient Holes . . . . . . . . . 40 

Alteration . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

Structure . . . . . . . . . . . . . . . . . . . . . . . . . 41 

Faul ts  . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

Joints . . . . . . . . . . . . . . . . . . . . . . . . 46 

DISCUSSION 46 

ACKNOWLEDGEMENTS 0 ' .  51 

REFERENCES CITED 52 

APPENDIX I - Lithologic log  of Thermal Power Company Utah 

S t a t e 7 2 4 6  . . . . . . . . . . . . . . . . . . . 55 

Lithologic log o f  Getty O i l  Company Utah APPENDIX I1  - 
State52-21 . . . . . . . . . . . . . . . . . . . 62 

APPENDIX I11 - Lithologic logs of six University of Utah 

thermal gradient holes . . . . . . . . . . . . . 94 



FIGURE 

1 

2 

3 

PLATE 

I 

I1  

I LLUSTRAT I ONS 

DESCRIPTION 

D is t r i bu t i on  o f  Tectonic Zones 
and KGRAs i n  Utah . . . . . . . . . . . .  
Point  diagram o f  poles t o  f o l i a t i o n  
i n  the  banded gneiss (PCbg) . . . . . . .  
Point  diagram o f  f o l d  axes and 
l ineat ions from the  banded gneiss 
(P€bg) . . . . . . . . . . . . . .  
Point  diagram o f  poles t o  f o l i a t i o n  
i n  the  hornblende gneiss (P€gn) . . 
Equal area pro ject ion on the lower 
hemisphere o f  j o i n t s  f r o m  the  
Roosevelt KGRA . . . . . . . . . .  

DESCRIPTION 

Geologic map o f  the  Roosevelt Hot 
Springs KGRA 

Geologic cross sections o f  the 
Roosevelt Hot Springs KGRA 

I 

\ 

. . .  
* . .  

8 . 0  

Page 

4 

10 

11 

18 

47 

Page 

i n  pocket 

i n  pocket 



TABLES 

u TABLE DESCRIPTION Page 

1 Modal analysis of b i o t i t e  

2 Modal analysis of hornblende 

3 Modal analysis of quartz 

4 .  Modal analysis of porphyri t ic  

3 

gneiss (P€n) . . . . . . . . . . . . . .  16 

gneiss (Pxgn) . . . . . . . . . . . . . .  20 

monzonite (Tgm) . . . . . . . . . . . . .  24 

d 

gran i te  (Tpg) . . . . . . . . . . . . . .  25 
d 

5 Modal analysis of syenite (Ts) . . . . .  27 

6 Modal analysis of coarse-grai ned 
gran i te  (Tg) . . . . . . . . . . . . . .  28 

7 Modal analysis o f  fine-grained 
gran i te  (Tgr) . . . . . . . . . . . . . .  30 

8 . Modal analysis of microd ior i te  
(Tmd) and diabase (Tds) . . . . . . . . .  31 

3 

P 

I 



ABSTRACT 

The Roosevelt Hot Springs KGRA i s  located on the western margin of the 

Mineral Mountains i n  Beaver County, Utah. The bedrock geology of the area i s  

presented i n  this report. I t  is  dominated by metamorphic and plutonic rocks 

of Precambrian age as well as felsic plutonic phases o f  the Tertiary Mineral 

Mountains P l u t o n .  Rhyolite flows, domes, and pyroclastics reflect igneous 

activity between 0.8 and 0.5 million years ago. All lithologies present i n  

the map area are described i n  detail w i t h  an emphasis on characteristics which 

will allow them t o  be distinguished i n  dr i l l  cuttings. 

The geothermal system a t  Roosevelt Hot Spr ings  KGRA is  structurally 

controlled w i t h  reservoir rocks demonstrating 1 i t t l e  primary permeability. 

The structure is  mainly a result of low-angle normal faulting which has pro- 

duced 1 ow-angle, westward dipping  mylonites, steeply dipping ,  northwest- 

trending mylonites, and brecciation localized i n  the hanging wall of the 

principal low-angle faul t .  These mylonites are up t o  15 m thick and they are 

si1 icified and retrograded t o  greenschist facies assemblages. East-west 

f a u l t f n g  i s  also present and has been produced by deep-seated regional zones 

of weakness. North t o  north-northeast trending f a u l t s  are the youngest 

structures i n  the area, and they control present fumarolic activity and recent 

hot spr ing activity which has deposited opaline and chalcedonic sinters. 

is proposed here t h a t  the geothermal reservoirs are controlled primarily by 

intersections of the principal zones o f  fault ing.  This  conclusion is  

supported by the configurations of the f a u l t  patterns. I t  indicates the 

importance o f  regional geologic mapping and structural analysis i n  the 

exploration for hydrothermal resources. 

I t  



Logs from Thermal Powev Utah State 72-16, Getty O i l  Utah State 52-21, and 

s i x  shallow thermal gradient holes d r i l l e d  by the Universi ty o f  Utah are  

presented i n  t h i s  report  and have been u t i l i z e d  i n  the  construction o f  

geologic cross sections o f  the  geothermal f i e l d .  



INTRODUCTION 
L.l 

The Roosevelt Hot Springs Known Geothermal Resource Area (KGRA) i s  

located . i n  Beaver County, i n  west-central Utah orb the western f l ank  o f  the 

Mineral Mountains (Fig.  1). The KGRA was named f o r  a small area of hot 

springs which  discharged silica-rich waters u n t i l  about 1966 when the flow 

stopped. The area now contains active fumaroles which are depositing 

sublimates and which bear a s l i g h t  odor o f  hydrogen sulfide. 

Geothermal exploration was initiated i n  1968 by Or. Eugene Davies of 

Milford. Or. Davies drilled a well on the eastern flank of the Opal Mound 

(Plate I )  which discharged steam from a depth  of about 82 m. The well is 

currently leaking small amounts of water and vapor w i t h  a smell of hydrogen 

s u l  fide. 

Intensive commercial exploration was initiated i n  1975 by P h i l l i p s  

Petroleum Company. Other lease holders i n  the KGRA are Geothermal Power 

Corporation, Getty O i l  Company, Thermal Power Company and 0' Brien Resources 

Inc. , Geothermal Exploration Company, American Geological Enterprises, and the 

City of B o u n t i f u l ,  Utah. A t  present, seven producing wells have been 

completed i n  the field. Ward and others (1978) indicate t h a t  the average well 

has a potential f l u i d  production 0f~4.5 x 105 kg/hr a t  s h u t - i n  bottom hole 

temperatures around 260oC. Plans have been announced for the construction of 

two 55 We power plants  which are expected t o  be on line by 1982. 

The present study was undertaken as par t  o f  the Industry Coupled Case 

Studies Program of the Department of Energy, Division of Geothermal Energy. 

The objectives of this study are to ;  1) develop a detailed geologic base t o  
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f a c i l i t a t e  further industrial explora t ion  and the i n t e r p r e t a t i o n  of 

geophysical and geochemical d a t a ,  2)  define the 1 i t h o l o g i c  and structural 

c o n t r o l s  of the Roosevelt Hot Springs geothermal f ield,  and 3) e s t a b l i s h  a 

sample l ibrary t o  a i d  companies i n  the i n t e r p r e t a t i o n  o f  d r i l l i n g  information. 

With respect t o  this l a s t  ob jec t ive ,  hand samples, t h i n  s e c t i o n s ,  and 

a r t i f i c i a l  c u t t i n g s  of the l i t h o l o g i c  units discussed i n  this r e p o r t  a r e  

stored i n  the Geothermal Sample Library  a t  the Earth Science Laboratory and 

are a v a i l a b l e  for  p u b l i c  use. Near-term use of this geologic  d a t a  base by ESL 

will be useful i n  helping t o  formulate  a case  s tudy  of the Roosevelt Hot 

Spr ings  a rea .  

Previous geologic  work a v a i l a b l e  t o  the pub l i c  i n  the Roosevelt  Hot 

Springs KGRA has been conducted l a r g e l y  by the Department o f  Geology and 

Geophysics a t  the Univers i ty  of Utah under DOE/DGE and NSF sponsorship ant has 

been summarized by Ward and o t h e r s  (1978). McKinney (1978) has compiled an 

annotated bibl iography of the Roosevelt  Hot Spr ings  KGRA and v i c i n i t y .  The 

authors a r e  cont inuing  the geologic  mapping program w i t h i n  the Mineral 

Mountains. 

t o  a id  i n  the i n t e r p r e t a t i o n  of magnetic da ta .  Subsequent r e p o r t s  will 

In add i t ion ,  on site magnetic s u s c e p t i b i l i t y  studies a r e  planned 

present  resulqs from cont inuing and planned work. 

5 



GEOLOGY 
LJ 

Regional Sett ing 

The loca t ion  o f  Rooseveft Hot Springs and e igh t  other KGRAs i n  Utah are 

shown i n  Figure 1. The Roosevelt Hot Springs KGRA i s  located i n  Beaver County 

on the  western f lank  o f  the  Mineral Mountains. The Utah s tate geologic map 

locates t h e  Mineral Mountains on the  northern edge of the  Marysvale volcanic 

p i l e .  The range represents a s t ruc tu ra l  h igh wh-ich i s  demonstrated by the  

presence o f  Precambrian rocks and the  occurrence o f  the  largest  exposed 

in t rus i ve  body i n  the  state, t he  Mineral Mountairis Pluton. 

Shown f n  Figure 1 are t h e  mineral b e l t s  o f  Utah as proposed by H i l pe r t  

and Roberts (1964) and Stokes (1968-). These b e l t s  have accounted f o r  95 

percent o f  Utah's base metal and gold production. The b e l t s  are the  loca t ion  

o f  repeated Ter t ia ry  i nt rus i  ve epi  sodes and probiibl y r e f  1 ec t  deep-seated '' 

s t ruc tu ra l  zones. The coincidence o f  KGRAs w i t h  the  Wah Wah - Tushar Be l t  i s  

impressive . 
Figure 1 also i l l u s t r a t e s  the  pos i t ion  o f  the  KGRAs o f  Utah w i th  respect 

t o  the  t rend o f  the  Intermountain Seismic Be l t  ( ISB)  of Smith and Sbar (1974). 

The ISB i s  a b e l t  o f  shallow earthquakes w i th  focal  depths o f  general ly less  

than 15 km and i s  in terpreted t o  be a boundary between two subplates o f  the  

North American Plate, The Roosevelt Hot Springs KGRA i s  located t o  the 

northwest o f  t he  IS8 i n  an area where the  ISB shows a c lea r  change i n  

or ientat ion,  A t  approximately the  same loca t ion  as the  o f f se t  i n  the  ISB, 

Cook and others (1975) have shown a major g rav i t y  l i n e a r  which they fee l  

represents a r e l i c t  transform fau l t .  

-2 



General Geol ogy o f  the M i  nera'l Mount a i  ns 

The geology of t he  Mineral Mountains has been discussed by Liese (1957), 

Ea r l l  (1957), and Condie (1960). Petersen (1975:) has published a map o f  the  

Roosevelt Hot Springs area t h a t  includes much o f  the  KGRA. Evans (1977) has 

presented a compilation o f  previous and some new work. The geologic docu- 

mentation and s t ruc tu ra l  in terpretat ions o f  the  present study d i f f e r  from a l l  

previous work. 

The Mineral Mountains Pluton and h igh ly  deformed Precambrian rocks 

under l ie  t h e  centra l  por t ion  o f  the  Mineral Mountains. The l i t h o l o g i e s  and 

geologic re la t ionships o f  these rocks w i l l  be di!;cussed i n  greater de ta i l  i n  a 

subsequent section o f  t h i s  report. The northern por t ion  o f  the  Mineral 

Mountains (Liese, 1957) i s  underlain by a dark gray unfoss i l i ferous 1 imestone, 

the Prospect Mountain Quartz i te,  and the Pioche Formation, a l l  o f  Cambrian 

age. Several outcrop areas o f  the Indianola Formation, a conglomerate o f  

Cretaceous age, over1 i e  the  Cambrian section. 

The southern por t ion  o f  the  Mineral Mountains, t he  Bradshaw Mountain 

area, contains Precambrian metamorphic rocks which are overlain by lower 

Paleozoic 1 fmestones and dolomites, Mississippian 1 imestones o f  the Topache 

Formation, t he  Coconino and Kaibab Formations o f  Permian age, the  Navajo 

Sandstone and Camel Limestone o f  Jurassic age, and Ter t ia ry  volcanics o f  

andesi t ic  t o  l a t i t i c  composition (Ear l l ,  1957). Most o f  the  mining a c t i v i t y  

i n  the range i s  confined t o  the  Bradshaw Mountain area where gold, s i l ve r ,  

i 

i 

lead, copper, and tungsten have been produced from contact metamorphic 

deposits and associated veins. 



Li tho log ies o f  the  Roosevelt Hot Springs KGRA 
W 

The geology o f  t he  Roosevelt Hot Springs KGRA i s  characterized by 

metasedimentary and p lu ton ic  rocks o f  Precambrian age, i n t rus i ve  rocks o f  

Ter t ia ry  age, and flows, pyroclastics, and domes o f  Pleistocene age. 

S i  1 iceous s i n t e r  and s i 1  ica-cemented a1 1 uvium represent recent hydrothermal 

a c t i v i t y .  

PRECAMBRIAN 

Banded gneiss (P€bg) 

The banded gneiss ( €bg) i s  the oldes, un i  exposed i n  he KGRA. It 

crops out  along the  western margin o f  the  Mineral Mountains from Ranch Canyon 

northward t o  Negro Mag Wash. North o f  Negro Mag Wash the banded gneiss i s  

found as la rge  inclusions w i th in  Ter t ia ry  p lu ton ic  rocks. The banded gneiss 

i s  intruded by the  hornblende gneiss (Kgn)  and the  Ter t ia ry  p lu ton ic  phases. 

L i t h o l o g i c a l l y  t h e  u n i t  i s  h igh l y  var iab le and consists o f  in ter layered 

gneiss, schist ,  and migmatite. Small quar tz i te  'lenses have also been 

observed, and they are described i n  a separate s ix t ion.  

Outcrops o f  t h e  banded g n e i s s  are  t y p i c a l l y  non-resistant  and weather t o  

dark colors. Jot n t i  ng , shearing , o r  brecc iat ion are ra re  w i th in  the  u n i t  . 
Typical outcrops are conspicuously banded w i th  a l te rna t ing  1 i g h t  and dark 

layers 1 t o  10 cm th ick.  Single homogenous layers o f  3 o r  4 m have a lso been 

observed but  are uncommon. The co lo r  di f ferences which d is t inguish these 

layers r e f l e c t  d i f ferences i n  b i o t i t e  and hornblende contents. 

t h i s  small-scale banding, the banded gneiss also exh ib i ts  a large-scale 

layering. Layers 20-100 m t h i c k  and s u f f i c i e n t l y  b i o t i t e - r i c h  t o  be 

I n  addi t ion t o  



3 

3 

3 

3 

d 

d 

d 

p3 

r, 

d 

c lass i f i ed  as schis t  are inter layered with b io t i te-poor  gneisses. Thick 

maf ic-r ich layers w i t h i n  the  banded gneiss are o f ten  migmat i t ic  and contain 6, 
ptygmatical ly folded f e l s i c  d ike le ts  and pods. 

Outcrops o f  t he  banded gneiss exhibdt a number o f  penetrat ive 

deformational features. Schistosi ty i s  wel l  devleloped, and small-scale 

i s o c l i n a l  f o l d i n g  has produced strong NE-plunging l inea t ions  on sch is tos i ty  

planes. A few widely scattered outcrops show gentle cy l i nd r i ca l  re fo ld ing  o f  

t h e  i s o c l i n a l  f o lds  along f l a t - l y i n g  east-west axes. Figure 2 i s  a p l o t  of 51 

poles t o  sch is tos i ty  measurements from the  bandeld gneiss. The diagram shows 

an average N 10-30°E s t r i k i n g  and 30°-700E dipping or ientat ion.  The marked 

scat ter ing i n  t h i s  diagram may r e f l e c t  the  gentle re fo ld ing  mentioned above. 

A s i m i l a r  re la t ionsh ip  can be observed i n  Figure 3,  a p l o t  o f  f o l d  axes and 

1 i neat i ons from the  banded gnei ss . 
In  hand specimen, the  banded gneiss i s  t y p i c a l l y  f i ne -  t o  medium-grained 

and consists o f  b i o t i t e ,  hornblende, feldspar, and quartz i n  h igh ly  var iable 

ra t ios.  Leucocratic layers are t y p i c a l l y  coarser grained and may contain 

small amounts o f  muscovite. I n  th in  section the  u n i t  i s  equigranular with K- 

feldspar, plagioclase, quartz, b i o t i t e ,  and hornblende as the pr inc ipa l  

mineral components. P re fe ren t i a l l y  or iented b i o t i t e s  and elongated stressed 

quartz grains mark the  schistosi ty.  t i g h t  colored layers o f ten  consist  o f  

subequal amounts o f  quartz and K-feldspar w i t h  on ly  minor amounts o f  t he  other 

components, whi le dark layers are predominantly plagioclase, b i o t i t e ,  and 

hornblende w i t h  lesser  amounts o f  quartz and K-feldspar., I n  both l i g h t  and 

dark layers b i o t i t e s  o f ten  appear t o  r i m  t he  K-feldspars. Rounded zircon 
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grains are a very common accessory, pa r t i cu la r l y  as inclusions w i th in  b i o t i t e .  

Apat i te  i s  a lso an abundant accessory. Sphene i s  general ly uncommon. I n  i 

addi t ion t o  t h i s  t yp i ca l  mineralogy, one outcrop o f  a very d i s t i n c t i v e  

s i 1  1 imani te-cord ier i  te-corundum-biotite sch is t  was discovered j u s t  south of 

Wildhorse Canyon. This small 2-3 m layer  demonstrates both a compositional 

v a r i a b i l i t y  w i t h i n  t h e  banded gneiss and a lack o f  d i f f us ion  w i th in  the  

metamorphic system. This suggests t h a t  the  banding w i th in  the  gneiss r e f l e c t s  

o r i g i n a l  sedimentary layering. 

It i s  suggested i n  t h i s  paper tha t  the  banded gneiss i s  Precambrian i n  

age. A K - A r  date o f  10.7 f 0 . 2  my (Bowers, 1978) has been obtained f o r  the  

banded gneiss; however, l i t h o l o g i c  and metamorphic evidence suggests tha t  t h i s  

date does not  represent the  age o f  the  banded gneiss. The banded gneiss 

represents quartzo-feldspathic sedimentary rocks t h a t  have undergone upper 

amphibolite fac ies metamorphism dur ing an orogenic event t h a t  a lso produced 

i soc l i na l  folding. 

are predominantly carbonates and exhi b i t  on ly  contact metamorphic effects. 

Thus the regional metamorphism and fo ld ing  o f  the  rocks took place i n  

Precambrian time. 

probable equivalent o f  t he  banded gneiss i s  the  Farmington Canyon Complex o f  

northern Utah. Bowers (1978) suggests t h a t  t he  date on these rocks r e f l e c t s  

rese t t ing  by the  i n t rus ion  o f  the  Mineral Mountains Pluton. As an a l te rna t ive  

In contrast, t he  Paleozoic and Mesozoic rocks i n  the  area 

I n  terms o f  metamorphic grade and s t ruc tu ra l  sty le,  a 

p o s s i b i l i t y ,  we suggest t h a t  t h e  date may be produced by loss  o f  A r  dur ing 

rap id u p l i f t  o f  the  range. It i s  c lear,  however, t h a t  addi t ional  radiometric 

dat ing i s  required t o  decipher the  age and thermal h i s to ry  o f  these rocks. 



Metaquartzite (P€q) 

A d i s t i n c t i v e  white metaquartzite (Wq) crops out on ly  i n  the  area south 
bd 

4 
of Wildhorse Canyon. It occurs as a ser ies o f  small lenses w i th in  the  banded 

gneiss (P€bg) and as two large, or iented inclusions w i th in  the  hornblende 

gneiss (P€gn) . These separate outcrops are very s im i la r  and may represent 

e i t h e r  a s ing le folded and boudinaged quar tz i te  bed o r  a series of d is -  

d 

connected quar t z i t e  pods. The metaquartzite, w i th  a maximum thickness o f  

3 approximately 35 m, i s  h igh l y  res is tan t  t o  weathering i n  sp i te  o f  a strong 

fractur ing.  Bedding i s  wel l  developed and pa ra l l e l s  the  sch is tos i ty  o f  both 

. the surroundi ng banded gnei ss and hornbl ende gnei ss . A NE-pl ungi ng 1 i neat i on 

id i s  we l l  developed i n  a l l  outcrops. I n  hand specimen the  u n i t  i s  very massive, 

and no o r ig ina l  gra in  boundaries are v is ib le .  Small equant feldspar grains 

and s t rong ly  al igned b i o t i t e s  are present i n  very l i m i t e d  quanti t ies. The 

feldspars are p a r t i c u l a r l y  noticeable because o f  t h e i r  chat ky white co lo r  and Is 

t h e i r  tendency t o  weather out, leaving small p i ts .  I n  t h i n  sect ion the  

metaquartzite displays a wel l  developed r ibbon s t ructure w i th  strong un- 

& dulatory  ext inct ion.  Approximately 5 percent feldspar, p r imar i l y  plagioclase, 

i s  present as small equant grains, and a l l  o f  the  feldspars are ser ic i t ized.  

Accessory minerals include b i o t i t e  and ch lo r i te ,  which are al igned along 

schistosi ty,  and widely scattered apat i te.  

S i  11 imani t e  sch is t  (P€s) 

The s i l l i m a n i t e  sch is t  (P&s) i s  confined t o  a small area between d 
Wildhorse and Ranch Canyons. It occurs as a small number o f  inclusions w i th in  

a Te r t i a ry  porphyr i t i c  grani te  (Tpg) along the contact o f  the Ter t ia ry  grani te  

with the  hornblende gneiss (P€gn). I n  outcrop the sch is t  i s  a massive dark d 



gray t o  green fine-grained rock w i th  subt le 0.5 'to 1 cm layering. Outcrops 

t h a t  consist  o f  a breccia o f  t he  u n i t  are common. I n  hand specimen the  u n i t  

i s  r i c h  i n  f i b r o l i t i c  s i l l iman i te .  S m a l l  garnets are al igned along th in ,  

widely separated 1 ayers 

I n  t h i n  section the  rock i s  a conspicuously layered s i l l iman i te -b io t i t e -  

quartz schist.  Both f ib rous  and pr ismat ic s i l l i m a n i t e  are abundant, growing 

within o r  around i r regu la r  b io t i tes .  The b i o t i t e  and S i l l iman i te  are i n  

d i s t i n c t  2-5 mm layers. The s i l l i m a n i t e - b i o t i t e  layers are separated from 

each other by quartz layers o f  s im i la r  size. Plagioclase i s  common w i th in  

these quartzose layers but  i t s  abundance appears variable. Highly i r regu la r  

muscovite grains occur throughout the  rock but ai-e very uncommon. Where 

present, garnets are usual ly  less  than 0.5 cm i n  diameter and are always 

associated with b i o t i t e .  Accessory minerals include abundant smal 1, rounded 

opaques and moderate amounts of apati te. I n  the  outcrops along the  bottom of 

Wildhorse Canyon, the  s i l l i m a n i t e  sch is t  develops coarse-grained segregations 

w i t h  la rge  garnet porphyroblasts. Garnets up t o  2 cm i n  diameter are sur- 

rounded w i th  a r i m  o f  intergrown b i o t i t e  and muscovite. 

B i o t i t e  gneiss (P€n) 

The b i o t i t e  gneiss (P&n) i s  a massive medium-grained rock which occurs 

p r imar i l y  as inclusions within the  hornblende gn i i ss  (P€gn) and Ter t ia ry  

p lu ton ic  rocks. These inclusions occur throughout the  Roosevelt Hot Springs 

KGRA bu t  t he  la rges t  are found i n  the  Ranch Canyon-Wildhorse Canyon area, the 

southern h a l f  o f  t he  KGRA. While t h i s  u n i t  i s  h igh l y  variable, i t  i s  

t y p i c a l l y  a massive t o  weakly f o l  dated, b i o t i t e - r i c h  gneiss containing 

recogni zabl e hornbl ende grains and abundant sphene . 



I n  hand specimen the  b i o t i t e  gneiss i s  t y p i c a l l y  a medium-grained, 

equigranular, dark gray rock w i t h  abundant b i o t i t e  and lesser  hornblende 

forming the  mafic components and plagioclase the predominant f e l  s i c  component . 
Fine-grained i n t e r s t i t i a l  quartz and K-feldspar are v i s i b l e  on cu t  and stained 

surfaces. Euhedral sphene grains up t o  2 mm long are common. Fo l i a t i on  i s  

very d i f f i c u l t  t o  d is t ingu ish  i n  hand specimen. K-feldspar porphyroblasts up 

t o  2 cm long were observed i n  some inclusions o f  the b i o t i t e  gneiss. 

Thin sections show a granular texture with h igh l y  i r r e g u l a r  gra in  

boundaries. B i o t i t e s  were observed replacing both orthoclase and hornblende. 

Anhedral t o  subhedral twinned hornblende grains clontain i r regu la r  intergrowths 

o f  quartz. Plagioclase grains are i r r e g u l a r l y  zoned, o f ten with s t rongly  

se r i  c i  t i zed cores . K-fel dspar and quartz are re1 ( a t 1  vel y m i  nor components and 

occur as anhedral i n t e r s t i t i a l  grains. The abundant sphene grains commonly 

surround o r  enclose opaques. Apat i te  i s  common. Both quartz and feldspar 

display strong undulatory ext inct ion.  Modes f o r  three samples o f  the  b i o t i t e  
5 

gneiss are given i n  Table 1. 

Hornblende gneiss (P€gn) 

The hornbl ende gneiss (P€gn) i s a coarse-grai ned g r a n i t i c  gnei ss t h a t  

crops out i n  t h e  western f o o t h i l l s  o f  t h e  Mineral Mountains south o f  Negro Mag 

Wash. 

p lu ton ic  rocks t o  the  east, and a lso occurs as la rge  inclusions w i th in  

It Intrudes the  banded gneiss t o  the  west, i s  intruded by Ter t ia ry  

Ter t ia ry  p lu ton ic  rocks near Negro Mag Wash. The largest  outcrop area o f  

hornblende gneiss centers around Wildhorse Canyon . 

15 



Table 1 - Modal Analysis o f  B i o t i t e  Gneiss ( R n )  
on t h e  basis o f  1000 point  counts. 

I 

Sample No. 
UT/MM-78-X 

A1 k a l  i feldspar 

P1 agi ocl ase 

Quartz 

B i o t t t e  

Hornblende 

Sphene 

Opaques 

Chlor i te  

Apat 5 t e  

Zircon 

Epi dot e 

S e r i c i t e  

% Anorthite 

22 

16.1 

40.8 

10.4 

16 e8 

9.2 

3.1 

2.4 

0.5 

0.4 

0.3 

Trace 

0-0 

27 

Sample s i t e  1 

UT/MM-78-22 

142 

10.1 

42.9 

21.9 

13.2 

6.6 

1.0 

1.2 

0.1 

1.2 

Trace 

-0- 

1.8 

35 

144 

29.2 

20.5 

35.8 

9 08 

--* 

0.9 

2.1 

0.2 

0.8 

Trace 

--- 
0.7 

35 

cations : 

SE1/4, SE1/4, sec. 3, T. 27 S., R. 9 W. 

Average 

18.5 

34.7 

22.7 

13.3 

5.2 

1.7 

1.9 

0.3 

0.8 

0.1 

-00 

0.8 

32 

UT/MM-78-142 

UT/MM-78-144 

NE1/4, NE1/4, SW1/4, sec. 34, T. 27 S., R. 9 W. 

NE1/4, NE1/4, SW1/4, sec. 34, T. 27 S., R. 9 W. 



unfol ia ted  mafic inclusions t h a t  consist  of small brecciated and elongated W 

Outcrops o f  the hornblende gneiss are t y p i c a l l y  very massive and only  

weakly fo l ia ted ,  weather t o  dark gray o r  brown colors; elsewhere the  f o l i a t i o n  

i s  strong and exh ib i ts  strong l ineat ions produced by the alignment o f  horn- 

blende grains. The gneiss i s  not  commonly jo inted, but along f a u l t s  exposed 

north o f  Wildhorse Canyon it i s  s t rongly  brecciated and cut  by wel l  developed 

mylonites. The development o f  sch is tos i ty  i s  var iab le throughout the  gneiss. 

Figure 4 i s  an equal area p l o t  o f  poles f o r  41 sch is tos i ty  measurements 

covering the  outcrop area of the  gneiss, The poles form a poor ly defined 

g i r d l e  w i th  the  greatest concentration clustered around a N-S s t r i k e  w i th  

moderate d ips t o  the  east. This pat tern corresponds wel l  w i th  t h a t  obtained 

f o r  the  banded gneiss. 

As the  contact o f  the two gneisses i s  approilched, the hornblende gneiss 

changes character; t he  amount o f  b i o t i t e  increases and the  rock becomes 

porphryt ic, with 1-2 an K-feldspar phenocrysts increas ing ly  common-toward the  

contact . !4i t h  t h i s  change, sch is tos i ty  becomes more s t r i k i n g l y  apparent and 
I 

i s  approximately pa ra l l e l  t o  tha t  w i th in  the  bantied gneiss. The contact 

between the  gneisses exh ib i ts  both para1 le1  and crosscutt ing relat ions.  As 

shown i n  Plate I ,  the  contact south of Wildhorse Canyon i s  subparal lel w i th  

the  sch is tos i t y  o r  layer ing  w i t h i n  the  banded gneiss, whi le nor th  o f  Wildhorse 

Canyon the contact truncates the sch is tos i ty  w i th in  the  banded gneiss, 

Several types o f  orfented inc lus ions occur w i t h i n  the  hornblende gneiss. 

The most common o f  these are o f  the  wel l - fo l iated, medium-grained b i o t i t e  

gneisses (P€n). These inclusions vary g rea t l y  i n  s ize  and appear t o  have 

gradational contacts with the 'enclosing gneiss. Much l ess  abundant are 

17 d 
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Fig. 4 - Point diagmm of poles i o  foliation of the hornblende 

(PCgn) plotted on the lower hemisphere (41 poles). 
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P 
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mafic clots which are parallel t o  the schistosity. These inclusions are 

commonly the s i t e  of later d i k i n g  by aplites. 
d 

I 

In hand specimen the hornblende gneiss i s  a l i g h t  gray, coarse-grained 

rock w i t h  1 cm hornblende crystals, often surrounded by b io t i te  and set  i n  a 

rrr, matrix of coarse feldspars and finer grained quartz. The quartz is  often 

difficult  t o  recognize.. Sphene is a common accessorY. 

In t h i n  section the hornblende gneiss appears as  a xenomorphic granular 
d 

intergrowth of anhedral K-feldspar and plagioclase, w i t h  finer grained, highly 

stressed quartz, small unoriented or weakly oriented clots of biotite, and 

subhedral hornblende. Plagioclase from a l l  sections examined falls  w i t h i n  the 

range An26-An32. Hornblende i n  some of the samples mantles relict  

clinopyroxene and i n  nearly a l l  of the samples can be seen 'reacting t o  form 

biotite. Accessory and opaque minerals are typically clustered w i t h i n  small 

biotite clots. Some samples contain widely spaceld, large, polysynthetically 

twinned sphene grains,  some of which are broken. Minor epidote, chlorite, 

#d 

ul, 

sericite and actinolite a l so  occur. Modes obtained by counting over 1000 

points per section for three samples of the hornblende gneiss are given i n  

Table 2. 

urs 



Table 2 - Modal Ahalysis o f  Hornblende Gneiss (P€gn) 
on the  basis of 1000 point counts. LJ 

Sample No. , 
UT/MM-78-X 21 104 128 Average 

d A1 ka l  i feldspar 19.9 31.7 30.0 27.2 

P1 agi ocl ase 36.2 18.7 21.8 25.6 

Quartz 14.9 22.4 26.2 21.2 

3 Hornblende 14.2 7.6 4.7 a .9 

B i o t i t e  

Opaques 

9.5 

1.1 

9 .a 8.3 9.2 

1.9 1.8 1.6 

pd C1 i nopyroxene -0- 1.3 --- 04 

Apati te  
Zircon 1.3 1.3 0 08 1.1 
Sphene 

ur, Act i no1 i t e  2.1 -0- -0- 07 

Epidote 

Chlor i te  

1.3 S e r i c i t e  0.1 4.7 5.7 3.5 

% Anorthite 31 29 35 32 

Sample s i t e  locations: 
i4 

UT/MM-78-21 

UT/MM-78-104 

NE1/4, SE1/4, sec. 10, T. 27 S., R. 9 W. 

SW1/4, SE1/4, sec. 22, T, 27 S: , R. 9 

UT/MM-78-128 NE1/4, SE1/4, sec. 27, T. 27 S., R. 9 W. 3 

4 

ci 

20 3 
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TERTIARY 

Ter t ia ry  p lu ton ic  rocks o f  the  Miheral Mountains Pluton under l ie most o f  

t he  centra l  por t ion  o f  t he  Mineral Mountains. This study has i d e n t i f i e d  f i v e  

major f e l s i c  phases o f  the pluton and, where possible, the  age re la t ionships 

have been documented on the  basis o f  cross-cutt ing relat ionships. Potassium- 

argon dates on the  f e l s i c  phases show ages between 9 and 15 m i l l i o n  years, 

with numerous dates i n  the  range o f  about 10 t o  12 m i l l i o n  years (Park, 1968; 

Armstrong, 1970; Bowers, 1978). A Rb-Sr whole rock isochron o f  the  ba tho l i t h  

shows poor r e l i a b i l i t y  but  suggests an age o f  ,,approximately 35 my (Lipman and 

others, 1978). It i s  possible t h a t  the Miocene dates represent argon loss  

resu l t i ng  from tec ton ic  a c t i v i t y  ra ther  than the  actual t ime o f  c r y s t a l l i -  

zat ion o f  the  p lu ton ic  phases. Again, however, addi t ional  data are needed. 

d The major phases o f  the  ba tho l i t h  are, i n  chrronologic order: quartz 

monzonite (Tqm), porphyr i t i c  grani te  (Tpg), syenite (Ts), grani te  (Tg), and 

f ine-grained gran i te  (Tgr) . Dikes o f  microdior i te,  diabase, and r h y o l i t e  are 

often found i n  a broad contact zone between the  Precambrian and Ter t ia ry  3 

rocks. 

compositional a f f i n i t i e s .  Often, because o f  these s im i la r i t i es ,  ind iv idual  

samples cannot be assigned w i t h  ce r ta in t y  t o  one o f  t he  mapped uni ts.  The 

p lu ton ic  phases are t y p i c a l l y  medium t o  coarse grained. B i o t i t e  and horn- 

The .pr inc ipa l  f e l s i c  p lu ton ic  phases d isp lay strong tex tu ra l  and 

3 

blende are the  on ly  ferromagnesian mineral s present. Sphene, apati te, 

magnetite, and f lmenite are charac ter is t i c  accessories o f  most o f  the un i t s  

studied . 
d 
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Generally, the major f e l s i c  phases o f  t he  pluton form rounded outcrops 

and weather t o  grus. A l te ra t i on  o f  t h e  phases i s  minor w i t h  most t h i n  

sections showing some formation o f  s e r i c i t e  associated w i t h  feldspars and some 

c h l o r i t e  a f t e r  b i o t i t e .  

bd 
Id 

8d 

Hornblende D i o r i t e  (Td) 

A medium-grained hornblende d i o r i t e  i s  exposed as xenol i ths i n  the  

northern p o r t i o n  o f  t h e  map area. The age o f  t h e  u n i t  i s  not known, but  it i s  

not fo l i a ted ,  suggesting t h a t  i t  i s  younger than Precambrian. It i s  found as 
d 

a xeno l i t h  i n  quartz monzonite, demonstrating t h a t  i t  i s  o lder  than the  

p r i  nc i  pal phases o f  t he  Mineral Mountains P1 uton 
id 

The u n i t  i s  characterized by hornblende phenocrysts up t o  1 cm long 

which of ten contain re1 i c t  pyroxene grains. Contact e f f e c t s  have produced 

some t remo l i t e  and a l te red  much o f  t h e  plagioclase t o  clay. Apat i te makes up 

about 3 percent of t h e  rock. 

rr, 

B i o t i t e  Quartz Monzonite (Tqm) 3 
A coarse-grained b t o t i t e  quartz monzonite i!; the  pr inc ipa l  phase o f  t he  

Mineral Mountains Pluton exposed i n  t h e  Roosevelt Hot Springs KGRA, and i t  

underl ies the  northern pa r t  o f  t he  map area. The u n i t  intrudes the Pre- 

Cambrian gneisses and i s  i n  t u r n  intruded by a l l  t h e  other Te r t i a ry  phases 
Ilu, 

4 

d 

described i n  t h i s  repor t  with the  exception o f  t he  hornblende d i o r i t e .  The 

quartz monzonite i s  massive with few jo in t s .  However, as the  contact w i t h  the 

Precambrian rocks i s  approached, the u n i t  picks up numerous xenoli ths, becomes 

porphyr i t ic ,  and takes on a shear f o l i a t i o n  which general ly trends north- 
( 

south . 
Li 
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Modal analyses o f  the  quartz monzonite are presented i n  Table 3. I n  

general, the  rock i s  poor i n  b i o t i t e ,  but  around xenol i ths o f  Precambrian rock 

the b i o t i t e  o f ten  increases t o  15 or  20 percent o f  the rock. 

Porphyr i t ic  Grani t e  (Tpg ) 

A porphyr i t i c  b i o t i t e  grani te  crops out i n  the southern por t ion o f  the 

map area. 

xenol i ths o f  the  Precambrian throughout i t s  area o f  exposure. This u n i t  has a 

It intrudes Precambrian rocks on the  west and contains numerous 

var iab le tex tu re  even w i th in  ind iv idual  outcrops. Where porphyr i t ic ,  K- 

fe ldspar forms phenocrysts 1 t o  3 cm long i n  a medium-grained matrix. The 

f i n e r  grained por t ions o f  t he  u n i t  are best exposed along the  western contact 

o f  the  u n i t  i n  Ranch Canyon. 
I 

The K-feldspar content o f  the  grani te  varies f r o m  40 t o  65 percent (Table 

4) . The plagioclase i s  anhedral , zoned, and const i tu tes 9 t o  19 percent o f  

the rock. The plagioclase'has an average anor th i te  content o f  21 percent, 

which i s  higher than the  other phases o f  t he  Ter t ia ry  pluton. The gran i te  i s  

20 t o  36 percent quartz and 4.3 t o  11.5 percent b i o t i t e .  The rock contains 

about one h a l f  of one percent each o f  opaques and apat i te  w i th  traces of 

sphene and zircon. A l te ra t ion  o f  feldspars and b i o t i t e  t o  s e r i c i t e  and 

c h l o r i t e  i s  very minor. 

The porphyr i t i c  grani te  intrudes the  Precambrian rocks and a d ike o f  
\ 

porphyr i t i c  grani te  intrudes the  quartz monzonite on the r idge nor th  o f  Negro 

Mag Wash. Dikes o f  t h e  f ine-grained grani te  and other d ike  u n i t s  in t rude the  

porphyr i t i c  granite. The age o f  the  porphyr i t i c  grani te  r e l a t i v e  t o  t h a t  o f  

t he  syeni te and o f  the  coarse-grained grani te  could not be determined i n  the  

f i e ld .  
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Table 3 - Modal Analysis o f  Quartz Monzonite (Tqm) 
on the basis o f  1000 poinit counts. 

Sample No. 
UT/MM-78-X 4 16 3 01 315 Average 

Mi crocl i ne 36.9 49.0 40 0 5 37 04 41 02 

P1 agiocl ase 26 m 1  30.6 36 . 0 28.9 30.5 

Quart t 28.0 14.7 10 . Ei 26.4 19.9 

Biotite 3.9 2.8 6 .O 4 .4 4.3 

0-0 .....-* -0- -0. Hornblende 1.9 

Sphene 1.5 1.4 2.7 0.9 l a 7  , 

0 pa q u e s 0.4 1.0 2.1. 1.4 1.2 

Chlorite 0.7 Trace Trace -0- 0.2 

Apatite 0.1 Trace 0.7' 0.6 0.4 

Zircon 0.1 Trace Trac:e Trace Trace 

Sericite 0.4 0.5 1. I. Trace 0.5 

% Anorthite 16-17 10-13 10-1.3 14 

Sample s i t e  locations: 

UT/MM-78-4 SW1/4, NW1/4, NWlJ4, sec. 11, T., 27 S., R. 9 W. 

UT/MM-78-16 

UT/MM-78-30 

UT/MM-78-315 

SE1/4, SW1/4, sec. 36, T. 26 S o : ,  R. 9 W. 

SW1/4, SE1/4, SE1/4, sec. 36, T. 26 S., R. 

SW1/4, SW1/4, SE1/4, sec. 27, Ta 26 S., R. 

9 w. 
9 w. 
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. Table 4 = Modal Analysis o f  the Porphyr i t ic  Granite (Tpg) 
on the  basis o f  1000 po in t  counts. 

Sample No. 
UT/MM-78-X 27 

V 

A1 ka l  i feldspar  53.0 

P1 agi oc l  ase 19.4 

Quartz 20.0 

B i o t i t e  4.3 

Sphene 1.2 

Opaques 0.9 

yd 

Ch lo r i t e  0.5 

‘W 

Y 

Apat i te  

Z i  cron 

0.7 

Trace 

Seri c i  t e  -== 

% Anor th i te  23 

Sample s i t e  locat ions:  

105 

40* 7 

11.5 

34.2 

11.5 

1-1 

0.6 

0.3 

0.4 

Trace 

0.8 

124 

40.1 

12.0 

36.2 

8.6 

--- 
0.4 

0.4 

0.4 

Trace 

1 e9 

24 

160 

64.9 

8.8 

19.3 

4.9 i 

Trace 

0.4 

0.1 

0.4 

Trace 

1.2 

12 

UT/MM-78-27 SW1/4, SE1/4, sec. 36, T. 26 S., R. 9 W. 

UT/MM-78=105 

UT/MM-78-124 

UT/MM-78-160 

NW1/4, NW1/4, NE1/4, sec. 27, 1. 27 S. , R. 9 We 

SE1/4, SE1/4, NE1/4, sec. 27, 1. 27 S., R. 9 W. 

SE1/4, SE1/4, NW1/4, sec. 25, 1’. 27 S., R. 9 W. 
(3 

Average 

49 .7 

12.9 

27.4 

7 03 

0.3 

0.6 

0.3 

0.5 

Trace 

1 .o 
21 

\ 
Y 

25 
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Syenite (Ts) 

An elongate syenite stock crops out between the main exposure o f  t he  

quartz monzonite on the  east and the  quartz monzonite Precambrian contact on 

the west. Smaller areas o f  syenite are exposed near the  mouth o f  Ranch 

Canyon and i n  the  upper por t ion  o f  Wild Horse Canyon. Few xenol i ths o r  dikes 

are found within the  uni t .  The syenite intrudes the  b i o t i t e  quartz monzonite 

and i s  i t s e l f  intruded by coarse-grained grani te  (Tg). 

The syenite i s  medium-grained xenomorphic granular. Modal analyses are 

presented i n  Table 5. Quartz content i s  general ly less  than 10 percent, 

which serves t o  d is t ingu ish  t h i s  rock from the grani te  (Tg) tha t  intrudes it. 

The high sphene content o f  the  syenite i s  noteworthy. 

Granite (Tg) 

A medium- t o  coarse-grained grani te  crops out t o  the east and south o f  

B ig  Cedar Cove, i n  Upper Wild Horse Canyon, and t o  the  northeast o f  Roosevelt 

Hot Springs (Plate 1). The u n i t  has the  same tex tura l  and outcrop character- 

i s t i c s  as t h e  syeni te and i s  dist inguished from t h a t  u n i t  on ly  by the  

abundance o f  quartz. The grani te  intrudes the syenite and i s  intruded by 

dikes o f  f ine-grained gran i te  (Tgr) , diabase, and microdior i te.  

Modes o f  the  grani te  are presented i n  Table 6. I n  addi t ion t o  quartz 

content, t he  rock i s  dist inguished petrographical ly by a pronounced normal 

zoning of plagioclase with cores o f  Anll t o  An15 and r ims of An4 t o  Anl0. 

F i  ne-Grained Granite (Tgr) 

A'f ine- t o  medium-grained grani te  occurs as a major dike-forming u n i t  

w i t h i n  the KGRA. The fine-grained grani te  i s  t he  major u n i t  i n  the  r idge 
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Table 5 - Modal Analysis o f  Syenite (Ts) 
on the basis  o f  1000 p o i n t  counts. 

Sample No. 
UT/MM-78-X 8 

M i  crocl i ne 73.0 

P1 agi ocl ase 16.9 

Quartz 7.2 

Biotite 1.1 

Hornblende 0.2 

Sphene 0.7 

Opaques 0.6 

Chlorite Trace 

Apatite 0.1 

Zircon Trace 

Serici  t e  0.2 

Hematite 0-0 

teucoxene -0- 

Epidote --- 
Calcite ..-- 
X Anorthite 10-11 

14A 

67.6 

20.8 

6.0 

1 e 8  

--- 
1 a 0  

0.9 

0.4 

0.2 

0.2 

0.4 

0.2 

0.4 

0.1 

8-12 

Sample site locations: 

UT/MM-78-8 SE1/4, NW1/4, sec. 11, T. 

3 11 

55.4 

20 e 2  

5.0 

11 e5 

1.4 

3.4 

1.2 

Trace 

0.9 

0.4 

0.6 

Trace 

-I- 

--- 
-0- 

12 

27 S o ,  R e  

1 e 8  

9 

9 w. 
UT/MM-78-14A 

UT/#-78-31 

UT/MM-78-35 

SElJ4, SE1/4, SE1/4, sec. 35, f 26 S., R. 9 W. 

SE1/4, SW1/4, sec. 12, T. 27 S., R. 9 W. 

NW1/4, SW1/4, sec. 31, T. 26 So, R. 8 W. 

Average 

61.2 

24.8 

4.6 

3.6 

0.4 

1.5 

0.8 

1.1 

0.35 

0.15 

1.0 

Trace 

0.1 

-0- 

0.4 

10 
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Table 6 - Modal Analysis o f  the  Coarse-Grained Granite (Tg) 
on the  basis o f  1000 point  counts. 

Sample No. 
UT/MM-78-X 18 25 516 29 Average 

M i  crocl i ne 48.5 48.7 59 . 5 58.7 53.8 

P1 agiocl ase 17.9 19 00 14.06 13.1 

Quartz 23.2 23.8 24-09 21.5 

B i o t i t e  6 5.6 Trace 3.1 
I 

Y 

Sphene 1.5 1.5 0.1 1.2 

Y Opaques 1.2 0.9 0.2 1 .o 
Chlor i te  0.1 -0- 0.5 0.3 

Apatite 0.4 0.1 Trace 0.7 

Zircon Trace Trace 0.2 Trace 

Ser ic i  t e  1.2 0.4 Trace - 0.4 

X Anorthite 15 4-1 1 10-11 , 13 

13 
Sample s i t e ,  locations: 

UTIMM-78-18 

UT/MM-78-25 

UT/MM-78-26 

SE1/4, NE1/4, sec. 34, T. ~26 S.$, R. 9 W. 

NE1/4, NW1/4, sec. 13, T. 27 S.$, R. 9 W. 

SW1/4, NW1/4, NW1/4, sec. 24, 1'. 27 S., R. 9 W. 
w 

16.2 

23.4 

3.7 

1.1 

o .a 
0.2 

0.3 

Trace 

0.5 

11.5 

UT/MM-78-29 N E U 4 ,  SE1/4, sec. 34, T, 26 S *  , R. 9 W. 



north o f  Negro Mag Wash and forms most o f  the c res t  of t h a t  r idge (Plate 1) 

with dikes spreading nor th  and south. The u n i t  forms res is tant ,  j o in ted  

outcrops, with blocky t o  rounded talus.  Limonite! s ta in ing  up t o  one h a l f  inch 

i n t o  t h e  rock i s  common on j o i n t s  and fractures. The s ta in ing  i s  heaviest, 

and most wide spread, on the r idge north o f  Negro Mag Wash. Some o f  t he  

smaller d ikes o f  t h i s  u n i t  are very leucocratic, w i th  less  than 1 percent 

b i o t i t e ,  and these dikes sometimes grade i n t o  o r  ‘ include small pegmatites. 

The f i ne-grai ned gran i te  i s  xenomorphic grariul a r  . The average c rys ta l  

s ize i s  less than 1 mn, but a few K-feldspar c rys ta ls  are 1.5 m. Modal 

analyses are given i n  Table 7. 

Microdior i te  (Tmd) 

The mic rod io r i te  forms t h i n  dikes averaging one t o  four  meters th ick.  

Many o f  t he  dikes are loca l i zed  along f a u l t  zones;, and some have been 

brecciated by subsequent movement along these zontes. The microdior i te  dikes 

are one o f  the  youngest o f  the  Ter t ia ry  uni ts,  c u t t i n g  every rock type w i th  

which they are i n  contact inc lud ing the fine-grained granite. 

The dikes t y p i c a l l y  have a subdiabasic texture. Average modes are given 

i n  Table 8. Metamorphism of some dikes by subsequent dike in t rus ions has 

produced tremol i te,  ac t i no l i t e ,  ser ic i te ,  ch lo r i te ,  and epidote. 

Diabase (Tds)  

Diabase dfkes occur along the  western margin o f  the  Mineral Mountains 

from B ig  Cedar Cove t o  a po in t  east o f  Roosevelt Hot Springs. These nor ther ly  

trending dikes are two t o  four  meters i n  thickness and general ly d ip  steeply 

t o  the  west. The dikes cu t  a l l  major phases o f  the  Mineral Mountains Pluton 
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Table 7 - Modal Analysis o f  t he  Fine-Grained Granite (Tgr) 
on t h e  basis o f  1000 po in t  counts. 

hsd 
Sample No. 
UT/MM-78-X 12 28 Average 

Y 

A1 k a l  i feldspar  56.6 57.5 57.1 

P1 agiocl  ase 6.8 10.6 8.7 
Y 

Quartz 30.2 27.9 29.0 

3 

B i o t i t e  

Sphene 

c !  3.8 2.0 2.9 
i 

0.1 Trace Trace 

Opaques 0.8 1.1 1.0 

Chl o r i  t e  

Ser ic i  t e  

0.8 0.4 

0.9 0.5 

0.6 

0.7 

00- 0.0 Epidote Trace 

Apat i te  0 Trace -0- 

(rs Sample s i t e  locat ions:  

UT/MM-78-12 Sw1/4, NW1/4, NE1/4, sec. 3, T. 27 S., R. 9 W. 

UT/MM-78-28 NE1/4, NW1/4, NE1/4, sec. 3, T. 27 S., R. 9 W. 

, 

. 

r 
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Table 8 - Modal Analysis o f  the Microdiorite (Tmd) and Oiabase (Tds) 
on the basis o f  1000 p o i n t  counts. 

Sample No. 

P1 agi ocl ase 

A1 kal i feldspar 

Quartz 

Hornblende 

Act 5 no1 5 t e  

Biotite 

Sphene 

Opaques 

Apatite 

Chlorite 

Seri ci t e  

Epidote 

Hematite 

Ort hopyroxene 

C1 ay 

3 Anorthite 

UT/MM- 78-X 6 

42.6 

-0- 

-0- 

28.7 

11.6 

2.5 

1.4 

4.1 

2.1 

2.8 

1.1 

1 e4 
-00 

--- 
1.7 

45 

Microdiorite 

Sample s i t e  locations: 

7 

38.3 

5.7 

1.3 

21.6 

17.5 

9.2 

0.6 

1.3 

1.8 

-0- 

1 .4 

0.6 

--- 
0.7 

--- 
38 

9 

44.6 

3.7 

11 02 

17 00 

0-0 

18.6 

2.0 

0.7 

0.6 

0.4 

0.6 

0.5 

0.1 

.I..- 

--- 

Average 

41 e 9  

3.1 

4.2 

22.4 

9.7 

10.1 

1.3 

2.0 

1.5 

1.1 

1.0 

0.8 

--- 
0.3 

0.6 

UT/MM-78-6 

UT/MM-78-7 

UT/MM-78-9 

UT/MM-78-3 

NE1/4, NW1/4, sec. 11, T. 27 S., R. 9 W. 

NE1/4, NW1/4, sec. 11, T. 27 S., R. 9 W. 

NE1/4, SW1/4, SW1/4, sec. 11, T 27 s., R. 9 w. 
NW1/4, NE1/4, sec. 10, T. 27 S. !, R. 9 W. 

31 

Diabase 
3 

70.7 

1.2 

2.0 

0-0 

-0- 

--- 
I-- 

3.4 

0.8 

16.7 

1 08 

0.1 

3.3 

0-0 

00- 

35 



3 

b u t  are not i n  contact w i t h  the microdiorite o r  rhyolite.  Hence, the relative 

age of the diabase w i t h  respect t o  these la t te r  lntrusives i s  not known. The 
u -  

w 
diabase dikes are fine .grained, and modal compos-itions are given i n  Table 8. 

Deuteric alteration has affected a1 1 primary minerals of the diabase; phases 

include sericite,  chlorite, clays, and limonite, 

Rhyol i t e  dikes (Trd) 

( 

v 

Several rhyolite dikes have been mapped i n  the area south of Wildhorse 

Canyon , These dikes cut both Precambrian rocks innd the Tertiary porphyritic w 

granite (Tpg). The dikes are cut by faults which do not cut the Quaternary 

rhyolites. T h i s ,  coupled w i t h  the glassy appearance of the dikes, has led t o  

their classification as  the youngest Tertiary u n i t .  These dikes are resistant 
ui 

t o  weathering and form distinctive 1 inear ridges. 

3 The rhyolite dikes are typically one t o  twenty meters wide and consist of 

a gray aphani t ic  matrix w i t h  approximately 10 percent 2-4 mm clots of feldspar 

phenocrysts, 5-7 percent anhedral quartz phenocr:ysts, and approximately 3 

percent biotite flakes. The dikes are often strongly foliated w i t h  alignment 

of the biotite. In t h i n  section the rhyolite dikes consist of a fine-grained 

sil icified groundmass w i t h  strongly sheared and sericitized clots of  feldspars 

and rnulticrystal quartz grains w i t h  well developed ribbon structure. Biotite 

grai ns have we1 1 devel oped reaction rims . 
QUATERNARY 

Rhyolites (Qrd, Qrf, Qra) 

(3 

0 

r )  

From 800,000 t o  500,000 years ago, the MineTal Mountains were the s i t e  o f  

rhyolitic volcanism which produced flows, pyroclastic rocks, and domes. I t  
U 

has been hypothesized by Smith and Shaw (1975) t 'hat young rhyolites such as 
L d  
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these may ind icate the  presence o f  an upper leve l  magma chamber which could 

serve as a heat source f o r  the  geothermal system,, Cer ta in ly  they do provide 

'prima fac ie '  evidence f o r  high thermal gradients i n  the  recent geologic 

h i s to ry  o f  an area. 

Studies o f  t he  rhyo l i t es  o f  the Roosevelt Hot Springs KGRA have been 

summarized i n  Lipman and others (1978), and Ward and others (1978) . Speci f ic  

studies on the  petrology and petrochemistry o f  thie rhyo l i t es  have been 

presented by Nash (1976), Nash and Smith (1977), and Evans and Nash (1975, 

1978). Much o f  the  fo l lowing sumary was taken from these papers, and the  

reader i s  re fe r red  t o  them f o r  a more deta i led presentation. 

The oldest Pleistocene rhyo l i t es  are the non-porphyrit ic f lows o f  Bai ley 

Ridge and Wildhorse Canyon. These f lows are obsidian-rich, but  commonly have 

d e v i t r i f i e d  central  portions. A s ing le K-Ar date on the  Bai ley Ridge f l ow  

indicates an age o f  0.79f.08 my (Lipman and others, 1978). 

Subsequent t o  the  formation of the  r h y o l i t e  flows, pyroc last ic  eruptions 

resul ted i n  the  deposit ion o f  a i r - f a l l  and some wtater-lain t u f f s  i n  addi t ion 

t o  non-welded ash f l ow  tu f f s .  These rocks general ly contain microphenocrysts 

o f  sanidine as w e l l  as quartz fragments and r a r e  hornblende phenocrysts. As 

shown i n  Plate I, the pyroc last ic  rocks are p r i n c i p a l l y  exposed i n  Ranch 

Canyon. A K-Ar  date on a contained obsidian c l a  

pyroclast ics of 0.70 f.04 my (Lipman and others, 1978). 

gives a maximum age f o r  the 

Evans and Nash (1978) have determined equ i l i b ra t i on  temperatures using 

the i ron- t i tan ium oxide geothemometer o f  Buddington and Lindsley (1964). The 

resu l t s  ind ica te  temperatures o f  740-785OC f o r  t he  r h y o l i t e  f lows and 
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635-665oC for the later rhyolite domes. This is confirmed by the two-feldspar 

geothermometer. It is hypothesized by Evans and Nash (1978) that the domes 

and flows are genetically related and that the rhyolite of the domes was 

derived by differentiation of the rhyolite that produced the flows. 

Hot Spring Deposits (Qs and Qcal) 

Hot spring deposits in the KGRA have been mapped as both siliceous s nter 

(Qs) and as silica-cemented alluvium (Qcal). The principal areas of hot 

spring deposition are along the Opal Mound Fault and in the Roosevelt Hot 

Springs area. In both these areas the deposits consist of both opaline and 

chalcedonic sinter. A detailed discussion of the phases associated with the 

sinter has been presented by Bryant and Parry (19177) and summarized in Ward 

and others (1978). These hot spring deposits imply the presence of a high 

temperature water-domi nated geothermal system (White and others, 1971) . 
Subsurface Information 

IDENTIFICATION OF CUTTINGS 

Several mapped rock types in the KGRA, although readily recognized in 

I outcrop and hand specimen, may be confused with ctne another when examined as 

drill cuttings with hand lens or binocular microscope. The small size o f  

these cuttings, averaging roughly 2-3 mm in maximum dimension, commonly 

obscures diagnostic larger scale textural characteristics of rocks. Re1 iable 

identification in such cases requires careful petrographic examination. The 

following discussion will outline the important features of cuttings identi- 

f icat i on. 



Three Te r t i a ry  p lu ton ic  phases, quartz monzonite (Tqm) , coarse-grained 

gran i te  (Tg), and porphyr i t i c  grani te  (Tpg), are near ly ident ica l  i n  

appearance when reduced t o  d r i l l  cutt ings. A l l  a re  coarse crysta l1  ine, quartz 

r i ch ,  and contain minor b i o t i t e .  Hornblende i s  absent i n  the  two grani tes and 

general ly missing from the quartz monzonite. By contrast w i th  these three 

phases, Te r t i a ry  syeni te i s  medium grained, quartz de f ic ien t ,  and may contain 

abundant honey-col ored sphene . I t  i s d i  s t i  ngui shed from the  coarser p l  utonic 

phases by g ra in  size, and from the  flne-grained grani te  (Tgr) by g ra in  s ize 

and composition. A p l i t i c  and pegmatit ic phases o f  the  fine-grained grani te  

contain l i t t l e  o r  no mafic minerals, and may contain muscovite. 

Because o f  i t s  h igh l y  var iable composition and banded o r  layered aspect, 

por t ions o f  the Precambrian banded gneiss may be mistaken i n  d r i l l  cu t t ings  

f o r  several other rock un i t s  w i th in  the  KGRA. 

segregations i n  the  banded gneiss are poor ly t o  non-foliated, and may c losely  

resemble Te r t i a ry  g r a n i t i c  intrusives.  Mafic port ions o f  the  gneiss are r i c h  

Fels ic  layers and migmatit ic 

i n  b i o t i t e  and hornblende and are almost always f o l i a t e d  even i n  cutt ings. 

These mafic port ions, where r e l a t i v e l y  r i c h  i n  hornblende, are f i n e r  grained 

than the Precambrian hornblende gneiss. 

Fo l i a t i on  i n  the  Precambrian hornblende gneiss i s  general ly discernib 

on ly  with d i f f i c u l t y  l’n d r i l l  cutt ings. A r e l a t i v e l y  h igh hornblende and 

b i o t i t e  content, however, d ist inguishes the hornblende gneiss from coarse- 

e 

c rys ta l1  i n e  Ter t ia ry  intrusives.  The hornblende gneiss d i f f e r s  from Ter t ia ry  

(?) hornblende d i o r i t e  by being general ly coarser-crystal1 ine, by containing 

b i o t i t e  and sphene, and by containing much less  hornblende (average 9 percent 

compared t o  50 percent). 



L i tho log ic  un i t s  i n  the  wel ls  Utah State 72-'16, 52-21, and 14-2 have been 

corre la ted w i t h  the  u n i t s  mapped i n  the KGRA. Detai led logs o f  Utah State 

72-16 and Utah State 52-21 are presented i n  Appendix I and I1  respectively. A 

l i t h o l o g i c  l o g  o f  Thermal Power's Utah State 14-2 i s  presented by Ballantyne 

and Parry (1978). These holes are shown on Plate I and are included i n  the  

cross-sections o f  P la te  11. 

have been logged and these are presented i n  Appendix I11 and b r i e f l y  sum- 

I n  addition, s i x  shallow thermal gradient holes 

marized i n  the  fo l low ing  sections. 

THERMAL POWER COMPANYS UTAH STATE 72-16 

Thermal Power's Utah State 72-16, located i n  t h e  centra l  por t ion  of the 

Roosevelt Hot Springs KGRA (Plate I), penetrated t o  a depth o f  379 m (1244 

feet),  The l i t h o l o g i c  l o g  o f  t h i s  ho le i s  presented i n  Appendix I. The well  

intersected hot water en t r ies  a t  95 m (312 feet) ,  152 m (500 feet),  191 m (625 

feet ) ,  and a t  t he  base o f  the  hole. Below a t h i c k  a l l u v i a l  section, t h e  hole 

consists p r imar i l y  of inter layered poor ly t o  wel l  f o l i a t e d  gneisses. On the  

basis o f  l i t h o l o g i c a l  s im i l a r i t i es ,  u n i t s  w i th in  Utah' State 72-16 have been 

correlated with the  hornblende and banded gneisses mapped on the  western f lank 

o f  the  Mineral Mountains, The complex geological re la t ionships suggest t h a t  

Utah State 72-16 i s  located near the  contact zone between the  banded gneiss 

and the  i n t r u s i v e  hornblende gneiss . 
Dikes o f  coarse-grained mafic-poor grani te  and mic rod io r i te  cu t  both the  

banded and hornblende gneisses. The gran i te  forms numerous t h i n  dikes which 

are widely d i s t r i bu ted  throughout the  d r i l l  hole. The mic rod io r i te  occurs 

-only between 192 m (630 feet) and 195 m (640 fee t )  where it i s  intensely 

a1 tered . 



Alteration assemblages i n  Utah S ta te  72-16 consist primarily of various 

proportions of pyrite , hematite , quartz, carbonate, and cl ays . Petrographic 

observations suggest t h a t  hematite + carbonate were deposited after pyrite, 

and quartz appears t o  have been precipitated w i t h  bo th  pyrite and hematite. 

The distributi lon of alteration assemblages i s  illustrated i n  Appendix 1. 

Simi 1 a r  a1 terat i on assembl ages have been observed i n sporadicall y d i  s t r i  buted 

fragments throughout  the a l luv ium,  so a t  least sane of the alteration predates 

deposition of the a l luv ium (see also Hulen, 1978). 

GETTY OIL COMPANY UTAH STATE 52-21 

Getty O i l  Company's Utah State 52-21 (Appendix 11) , collared approxi- 

mately 1.7 km south of Utah State 72-16, was completed a t  a depth of 2281 m 

(7478 feet). In spite of i ts  proximity t o  72-16, 52-21 did not encounter 

commercially extractable f lu ids .  Utah State 52-2:L penetrated alluvium t o  a 

depth of 167 m (548 feet). The al luvium consists of subrounded t o  angular 

grains of fine- t o  coarse-crystal1 ine Tertiary granitic rocks, Precambrian 

gnei sses , and P1 ei stocene pumice and perl i t e  . The pumice and perl i t e  , derived 

from 0.8 t o  0.5 my old (K-Ar; Lipman and others, :L978) s i l ic ic  volcanic 

centers i n  the Mineral Mountains, are confined t o  the upper 66 m (218 feet) of 

a l l u v i u m  where they commonly account for greater t h a n  50 percent o f  samples 

from specific horizons. Maximum calculated al luvial  sedimentation rate a t  the 

site of Utah State 52-21 since in i t i a l  deposition o f  the pumice and perlite 

may be as much as 1 m i n  700 years (Hulen, 1978). 

I 

From 167 m (548 feet) t o  the final depth of 2281 m (7478 feet) ,  Utah 

State 52-21 intersected primarily a thick sequence of crudely t o  moderately 

well foliated gneiss which i s  correlated w i t h  the banded gneiss (PCbg) mapped 

- 
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a t  the  surface. I n  t h i s  hole, the gneisses are f i n e  t o  medium grained and 

consist  o f  b i o t i t e  f hornblende, feldspar, and quartz i n  h igh ly  var iable 

ra t ios,  commonly w i th  minor sphene and/or f i b r o l i t e ,  and r a r e l y  w i th  traces o f  

z i rcon , cord ie r i t e (  1 )  , and garnet . The gnei sses common1 y d i  spl ay a d i  s t  i nc- 

t i v e  "salt-and-pepper" texture. Thin zones o f  w e l l  f o l i a t e d  medium- t o  

coarse-grained b i o t i t e  sch is t  are l o c a l l y  present. 

' 
The banded gneiss i n  Utah State 52-21.is intruded by several t h i c k  zones 

and a few narrow dikes o r  s i l l s  o f  medium- t o  coarse-grained 

biot i te-hornblende quartz monzonite t o  granodior i te gneiss (P€gn) Fo l i a t i on  

i n  t h e  gneiss i n  d r i l l  cu t t ings  i s  d iscern ib le  on ly  w i th  d i f f i c u l t y .  

cor re la t ion  w i th  outcropping hornblende gneiss i s  based on petrographic 

I t s  

examination and on comparision o f  t he  cut t ings w i th  outcrop samples crushed t o  

simulate d r i l l  chips. 

Dikes o f  leucocrat ic medium-grained b i o t i t e  grani te  and ra re  a lask i te  

in t rude the  banded gneiss and hornblende gneiss throughout the  d r i l l  hole. 

These dikes are most common bblow 1830 m (6000 feet)  where they form more than 

50 percent o f  t h e  rock intersected. Most o f  t he  dikes, p a r t i c u l a r l y  where 

abundant i n  the lower por t ion o f  the  hole, can probably be correlated w i th  

Ter t ia ry  f ine-grained grani te  (Tgr) mapped a t  t he  surface. Many, however, 

cannot be conf ident ly  dist inguished i n  d r i l l  cu t t ings  from f e l s i c  migmat i t ic  

d i f fe ren t ia tes  w i th in  the  banded gneiss. 

B i o t i  te-hornbl ende quartz microdior i  t e  occurs as a $0-foot in tercept  

in t rud ing  leucocrat ic  grani te  between 619 m (2028 f e e t )  and 631 m (2068 feet). 

The mic rod io r i te  also forms numerous narrow dikes, general ly less than 2-3 
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percent of a ten-foot chip sample, above 1922 m (6300 feet) . The principal 

microdiorite dike and most of the smaller dikes i r e  intensely hydrothermally 

a1 tered and common1 y contain abundant d i  sseminated pyrite. 

Preliminary examination of geophysical well logs for Utah State 52-21 by 

W. E. Glenn (personal communication, 1978) suggests the following major zones 

of probable structural disruption: a t  least 616 rn (2019 feet, bottom of 

casing) t o  roughly 884 m (2900 feet), 1067-1073 fn (3498-3518 feet) ,  1884-1915 

m (6178-6278 feet) , 2083-2107 m (6828-6908 feet) , and 2186-2269 m (7168-7438 

feet) . These zones generally correlate well w i t h  an increase i n  gouge chips 

i n  corresponding dr i l l  cuttings. 

Alteration is  generally very weak i n  Utah State 52-21, but  is intense i n  

I t  i s  particularly intense between roughly 610 m (2000 restricted intervals. 

feet) and 671 m (2200 feet) where i t  is  apparently centered on the micro- 

-dior i te  dSke described above. The alteration is characterized by chloriti- 

zation o f  b io t i t e  and hornblende, sericitization and calcite alteration of 

feldspars, particularly plagioclase, and leucoxelne (* calcite) after sphene. 

Calcite veinlets and microveinlets and calcite-altered gouge occur along the 

entire length of the hole b u t  are most common below 1220 m (4000 feet). 

Microveinlets of chlorite (f calcite, quartz,  sericite) appear i n  the 

microdiorite a t  619 m (2028 feet)  and erratical1,y persist t o  the bottom of the 

hole. Traces of epidote occur locally throughout  the hole as micro- 

veinlets (* chlorite, quartz) and as small patches replacing feldspar. 

Disseminated pyrite is  erratically distributed i n  trace t o  minor amounts 

i n  a l l  rock types along the entire depth o f  Utah State 52-21. I t  i s  commonly 

accompanied by traces of texturally similar chalcopyrite. These sulfides are 



t yp ica l  1 y associated w i th  an increase i n  ch lo r i te -ca lc i te -ser ic i  t e  

(fleucoxene) a1 te ra t i on  o f  t h e i r  host rocks. P y r i t e  i s  notably concentrated 

i n  a l te red  mic rod io r i te  dikes, p a r t i c u l a r l y  between 619 m and 631 m (2028 and 

2068 feet), where it forms one percent o f  the  rock by volume.' Although 

predominantly disseminated, p y r i t e  and chalcopyr i te also occur as ra re  l oca l  

microveinlets, general ly i n  combination with one o r  more o f  t he  minerals 

c h l o r i t e  , c a l c i t e  , and quartz. 

Earthy i r o n  oxides are present i n  Utah State 52-21 t o  a depth o f  roughly 

762 m (2500 fee t )  bu t  are concentrated between 11.0 n a n d  336 m (360 t o  1100 

feet).  These i r o n  oxides, dominantly brick-red t o  maroon hematite w i th  minor 

goethi te and ja ros i te ,  occur as i r regu la r  f i l m s  and crusts  on d e t r i t a l  grains 

i n  al luvium and as microveinlets i n  subjacent bedrock. They also occur as a 

l i g h t  s t a i n  around maf ic minerals and as ra re  pseudomorphs of primary p y r i t e  

grains. Above 214 m (700 feet),  the  i r o n  oxides are accompanied by loca 

traces of dendr i t i c  manganese oxide. 

UNIVERSITY OF UTAH THERMAL GRAOIENT HOLES 

L i tho log ic  logs f o r  s i x  thermal gradient holes d r i l l e d  by the Univers i ty  

of Utah are presented i n  Appendix 111. The locat ions o f  these holes are 

l i s t e d  i n  Appendix I11 and,where possible,shown on Plate I. Core i s  stored i n  

the sample l i b r a r y  o f  the  Department o f  Geology and Geophysics, Univers i ty  o f  

Utah. 
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A1 terat i on 

Surface hydrothermal alteration a t  the Roosevelt Hot Springs KGRA is 

minimal and confined t o  areas of recent hot  spr ing  activity, fau l t  zones, 

j o i n t  surfaces, and zones of base metal mineralization. Alteration i n  many of 

the holes drilled i n  the district  and surface al terat ion associated w i t h  h o t  

spr ing activity have been described by Bryant and Parry (1977), Bal lantyne and 

Parry (1978), Parry (1978), and Hulen (1978). The results of many of the 

above alteration studies have been summarized i n  Ward and others (1978). 

Hulen (1978) has documented the coexistence of a1 tered and una1 tered clasts i n  

alluvium, indicating t h a t  hydrothermal processes have been active i n  the past. 

Intense f a u l t i n g  w i t h i n  the Roosevelt Hot Springs KGRA was accompanied by 

hydrothermal al terat ion.  

which are characteristic of the greenschist facies o f  metamorphism or  the 

propylitic alteration facies. Epidote, chlorite, magnetite, hematite, and 

1 eucoxene are devel oped . The zones are common1 y s i  1 i ci f i ed , and occas i onal 

In general, the mylonite zones display assemblages 

pods of bull quartz have formed along the faults. The silicification produces 

a rock which i s  quite resistent t o  weathering and is  br i t t l e  as well as being 

relatively impermeable. The zones t h u s  form conspicuous jagged outcrops along 

ridge crests. Rocks adjacent t o  the mylonites are often strongly jointed bu t  

not si l icified,  however, i t  i s  common to  f i n d  t h a t  the amphiboles and biotites 

i n  these rocks have been altered t o  chlorite. 

Structure 

The Roosevel t Hot Springs KGRA contains a structural 1 y control 1 ed geo- 

thermal system. The following presentation emphasizes the field relationships . 
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i n  the  KGRA and t h e i r  importance as explorat ion c r i t e r i a .  As noted ea r l i e r ,  

there are no uni ts ,  except t h e  Recent alluvium, which possess s u f f i c i e n t  

primary permeabi l i ty  t o  serve as production aquifers. 

which produce from s t ra t ig raph ic  reservoirs, much o f  t he  production comes from 

permeable f a u l t  zones (Muff ler ,  1975). 

Indeed, even i n  f i e l d s  

FAULTS 

As i l l u s t r a t e d  i n  Plate I ,  the  Roosevelt Hot: Springs KGRA i s  domfnated by 

fou r  major f a u l t  systems. These are, i n  order 01' probable age, 1) large-scale 

fau l ts  which d i p  a t  shallow angles t o  the  west, Z!) northwest-trending fau l t  

zones which are probably re la ted  t o  the  low-anglc! fau l ts ,  3)  east-west steeply 

dipping structures, and 4) nor th  t o  northeast-trending normal f a u l t s  which 

o f ten  l o c a l i z e  hot spr ing ac t i v i t y .  The f a u l t s  shown c u t t i n g  bedrock on Plate 

I are i d e n t i f i e d  i m t h e  f i e l d  on the  basis o f  e i t h e r  zones o f  mylonite or 

demonstrable o f f s e t  o f  geologic uni ts.  Faul ts mapped within the  al luvium are 

recognized on the  basis o f  s i l iceous s i n t e r  deposits, l inears  produced by 

minor o f fse t ,  o r  alignment o f  vegetation. Many o f  t he  a i r  photo l inears  

examined w i th in  the  range show no ind ica t ion  o f  movement o r  cataclasis and are 

thus not  mapped as fau l ts .  

A major low-angle f a u l t  has been traced from Ranch Canyon on the  south t o  

Negro Mag Wash on the  nor th  (Plate I) .  The fault: zone i s  marked by intense 

brecciat fon up t o  15 m th ick,  and i t s  geometry i s  i l l u s t r a t e d  on cross- 

sections BIB' and C-C' (Plate 11). Reconnaissance indicates cont inuat ion o f  

the f a u l t  zone south o f  the  area shown on Plate I ,  where i t  was recognized by 

Condie (1960). I n  the  area between Ranch Canyon and Wild Horse Canyon, the  

o f f se t  o f  1 i tho1 ogies indicates normal movement w i th  a displacement of 

42 



approximately 610 m (2000 feet) i n  a S 80°W direction. As illustrated i n  

cross section C-C' (Plate 11), the f a u l t  plane i n  this area dips approximately 

15OW. To the n o r t h ,  the zone steepens and dips approximately 65OW a t  the - 

eastern margin of Little Cedar Cove. Reconnaissance work on the probable 

continuation of the f a u l t  zone along Upper Ranch Canyon Road shows t h a t  the 

zone is  approximately 15 m thick and d i p s  1OoW. Thus there i s  consistent 

evidence that the d i p  of the zone steepens t o  the north. 

Other low-angle fault zones have been mapped i n  the KGRA, b u t  these are 

less continuous and of more limited distribution t h a n  the fault described 

above. Three low-angle zones have been mapped i n  sec. 36 (T. 26 S., R. 9 W.) 

and sec. 31 (T. 26 S. , R. 8 W. ) . These zones are marked by mylonites and d i p  

9-48' t o  the west and northwest. I t  was not possible t o  trace the zones any 

farther t h a n  i s  shown i n  Plate I because of development of residual soils. A 

major low-angle f au l t  zone has also been mapped i n  sec. 24 (T. 26S., R. 9 W.). 

This zone trends approximately N 7OoW and d i p s  40's. I t  i s  cut off on the 

north by a high-angle east-west f a u l t  zone and disappears beneath a l l u v i u m  on 

the south. Additional mapping w i t h i n  the Mineral Mountains will result i n  a 

more coherent picture o f  the interrelationships o f  these discontinuous 

low-angle features . 
The low-angle f a u l t  zones are similar t o  those described as denudation 

f a u l t s  {Armstrong, 1972). Normal offset and a probable Tertiary age indicate 

t h a t  the faulting i s  unrelated t o  Sevier (Cretaceous) thrusting. The faul ts  

were formed during the u p l i f t  of the Mineral Mountains, b u t  the depth a t  which 

they formed i s  a t  present unknown and remains under investigation. 
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The upper p la te  o f  the  major low-angle f a u l t  contains a fami ly  o f  

northwest-trending high-angle fau l ts  found p r i n c i p a l l y  i n  the  h i l l s  south o f  

B ig  Cedar Cove (Plate I, Plate 11, 6-B'), These f a u l t s  are accompanied by 

several east-west and northeast-trending systems. The northwest-trending 

zones d i p  steeply t o  the east and west. Some have dips tha t  f l a t t e n  downward 

and represent a ro ta t iona l  o f fset .  S i l i c i f i e d  qy lon i te  zones up t o  4 m t h i c k  

are common along these zones. Because of the absence o f  marker horizons, the  

d i r e c t i o n  o f  displacement and the  t o t a l  amount o f  o f f s e t  on these structures 

cannot be documented. 

apparent t h a t  .high-angle northwest-trending f a u l t s  are present i n  the  hanging 

wal l  o f  the  major low-angle f a u l t  but not i n  the  foo t  wall. This implies t h a t  

I n  the v i c i n i t y  o f  Ranch Canyon (Plate 1 ) ' i t  i s  

t he  northwest-trending f a u l t s  were developed i n  t h e  upper p la te  i n  response t o  

the low-angle fau l t ing.  Thus the mylonite zones were formed by d i f f e r e n t i a l  

movement between r e l a t i v e l y  r i g i d  blocks o f  t he  hanging w a l l  dur ing low-angle 

fault ing. Supporting evidence f o r  t h i s  in te rpre ta t ion  i s  t ha t  the  northwest 

f a u l t  d i rec t i on  i s  a t  approximately r i g h t  angles t o  the  d i rec t i on  of movement 

in fe r red  by rea l ign ing the geology o f  the upper and lower plates. 

The d i s t r i b u t i o n  o f  f a u l t s  on Plate I indicates a much greater i n tens i t y  

o f  f a u l t i n g  i n  the  Precambrian hornblende gneiss than i n  adjacent uni ts,  

p a r t i c u l a r l y  the Precambrian banded gneiss. This i s  l a rge l y  a funct ion o f  

mechanical propert ies o f  t he  l i tho log ies .  Mylonite zones which are w e l l  

developed i n  t h e  hornblende gneiss o f ten  disappear when the  fau l ts  enter  the 

banded gneiss. Thus i t  i s  probable t h a t  the  northwest f a u l t i n g  does continue 

through the  banded gneiss but, due t o  the  character o f  the  outcrops, these 

f a u l t s  were not recognized. These high-angle f a u l t  zones are commonly the  f a u l t s  were not recognized. These high-angle f a u l t  zones are commonly the  



s i t e  o f  m ic rod io r i te  dikes. Often both brecciated and non-brecciated dikes 

occupy the  same zone, suggesting several periods o f  d ike  i n t rus ion  and 

implying several periods o f  movement on the same fau l ts .  

lbl 
J 

A steeply dipping east-west f a u l t  system has been i d e n t i f i e d  i n  the KGRA. 
U 

These structures are probably more numerous than are shown i n  Plate I. It i s  

thought t h a t  east-west va l leys along the  western f l ank  o f  t h e  Mineral Moun- 

ta ins  are s t r u c t u r a l l y  control led, but Quaternary rhyo l i t es  and Recent 

al luvium cover the  structures. One o f  t he  best exposed east-west f a u l t s  i s  

the Negro Mag Faul t  system. The of fset  along t h i s  zone i s  probably normal 

with the  nor th  s ide down-faulted; t h i s  sense i s  opposite t h a t  proposed on the 

basis o f  g rav i t y  data (Crebs and Cook, 19761, Another east-west f a u l t ,  mapped 

i n  the  northern extent o f  P la te  I ,  also shows noma1 o f f s e t  w i th  down-faulting 

t o  the  north. 
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The youngest f a u l t s  i n  the KGRA t rend nor th  t o  north-northeast and d i p  a t  

h igh angles. The most conspicuous o f  these i s  t h e  Opal Mound Faul t  and 

U associated s i l i ceous  s i n t e r  deposits, Reports 011 the  subsurface re la t ionships 

(Geothermex, 1977) show t h a t  t he  Opal Mound Faul t  i s  an eastward-dipping 

normal f a u l t  bounding a graben on the  east and a narrow horst  on the west. 

Grav i ty  models (Ward and others, 1978) show repeated down-faulting t o  the  west 

o f  the Opal Mound Fau l t  which, together w i th  a t i l t e d  bedrock surface, resu l t s  

i n  a maximum depth t o  bedrock o f  1.4 km i n  the  center o f  the  M i l f o rd  Yalley. 
0 

The Opal Mound Faul t  can be traced northward t o  Negro Mag Wash. Although 

there are f a u l t s  evident t o  the  nor th  o f  the  wash, cor re la t ion  w i th  the  Opal 

Mound Faul t  becomes speculative. A r e s i s t i v i t y  low fol lows the Opal Mound Y 
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Faul t  south of Negro Mag Wash, b u i  t o  the north the resistivity trends 

northwest (Ward and S i l l ,  1976). This suggests either a change i n  trend of 

the system of faults associated w i t h  the Opal Mound Fault or a separate 

&II 

northwest trend control1 i n g  geothermal fluids. 

JOINTS 

Joints  which increase the permeability of otherwise impermeable rocks 

may be of importance i n  localization of geothermal reservoirs, Joint 

directions measured i n  the Roosevelt Hot Springs KGRA are plotted i n  Figure 5, 

T h i s  diagram indicates a strong vertical t o  near-vertical j o i n t  trend which 

strikes east-west t o  N 70°W. A second maxima occurs a t  N 25OW t o  N 55OW w i t h  

d i p s  of 30' t o  50°W. The north-west trends may be related t o  the low-angle 

faulting discussed i n  the previous section, A more complete analysis of the 

j o i n t  trends i n  the KGRA will be presented by Yusas and Bruhn ( i n  prepara- 

t i o n ) .  

DISCUSSION 

Available information indicates t h a t  the p r  

geothermal field are Phillips Petroleum Co. well 

13-10, and Thermal Power Co. wells Utah State 14-2 and 

1977). 

producers b u t  are reported t o  have shallow, cool ater contami nation 

(Geothermex, 1977). These producing wells are plotted on Plate I and coincide 

In addi t ion ,  Phillips wells Utah State 25-15 and 12-35 are potential 

1 producing wells i n  the 

State 3-1, 54-3, and 

72-16 (Geothermex, 

w i t h  an area of h i g h  thermal gradients (Sill an ode11 , 1977; Ward and 

others, 1978). The geothermal field a t  Roosevelt Hot Springs i s  bounded by 

the range front on the east and the Opal Mound F a u l t  on the west. Present 

W 
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Fig. 5-Equal area projection on the lower hemisphere of joints 
from the Roosevelt KGRA. Contoured by the Schmidt method 
with contours at I%, 3%, and 5% of I% area (I90 poles). 
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d r i l l i n g  data ind icate t h a t  the  geothermal f i e l d  may be abrupt ly terminated 

between Utah State 52-21 and 72-16. A major s t ruc tu ra l  feature, which can be 

in terpreted as a fau l t ,  has been i d e n t i f i e d  from e l e c t r i c a l  r e s i s t i v i t y  data 

i n  t h i s  area (Ward and S i l l ,  1978), but e f f o r t s  t o  locate t h i s  s t ructure where 

it in tersects  the  range f r o n t  have been unsuccessful. 

Buried structures which contro l  t he  geothernial reservo i r  can be postu- 

la ted  by extrapolat ion from f a u l t s  mapped i n  the  adjacent range. Zones o f  

intense northwest f a u l t i n g  are loca l i zed  w i th in  the  centra l  por t ion  o f  t he  map 

area (Plate I ) .  These zones pro ject  d i r e c t l y  i n t o  the  southern por t ion o f  the 

geothermal reservoir.  The northern por t ion  o f  t h e  known geothermal f i e l d  l i e s  

along the  cont inuat ion o f  t he  Negro Mag Faul t  zone ( P h i l l i p s  3-1, 54-3; 

Thermal Power 14-2). 

It i s  proposed t h a t  the geothermal reservo i r  i s  cont ro l led by the 

in tersect ions o f  two o r  three pr inc ipa l  f a u l t  zones recognized i n  t h e  Mineral 

Mountains. The shallow- and steep-dipping myloniite zones which r e s u l t  from 

low-angle f a u l t i n g  and the  steep mylonite zones produced by east-west f a u l t i n g  

are l a r g e l y  impermeable because o f  s i 1  i c i f i c a t i o n .  

qu i te  b r i t t l e  and could form permeable reservo i rs  i f  intersected by l a t e r  

faults. I n  addi t ion,  s t rongly  f ractured rocks adjacent t o  the mylonite zones 

may develop reservo i r  po ten t ia l  dur ing i n i t i a l  o r  subsequent fau l t ing.  It i s  

also possible t o  have permeabi l i ty  developed by recurrent movement on any o f  

these f a u l t  zones. 

However, these rocks are 

Cross-sections A-A' and BOB' (Plate 11) are drawn through areas o f  

documented hydrothermal production. Where avai lable, data from production 

wel ls have been incorporated i n t o  these sections, Although P h i l l i p s '  Utah 



State 54-3 i s  shown i n  section A-A', no geologic Information was avai lable t o  

the  authors. The re la t ionships shown f o r  Utah State 54-3 are based on geo- 

l o g i c  mapping and cu t t ings  logs o f  Utah State 14-i!. Section A-A' i s  drawn 

subparal lel t o  the  Negro Mag Faul t  zone and i s  probably w i th in  t h a t  zone i n  

the western hal f  o f  the  cross section. The in tercepts  with tha t  zone are not 

shown i n  sect ion A-A'. 

s t ructura l  reservo i r  created by the  in tersect ion o f  the  Negro Mag zone w i th  

f a u l t s  pa ra l l e l  t o  the  Opal Mound Faul t  and t o  low-angle faults. 

It i s  proposed t h a t  production from t h i s  area taps a 

Structural  cont ro l  o f  the southern por t ion  o f  the  geothermal f i e l d  i s  

i l l u s t r a t e d  i n  cross-section B-B' . Northwest-trending mylonites and mylonites 

formed along the  low-angle f a u l t s  are intersected by structures forming the  

complex graben between the  range f r o n t  and the  Opal Mound Fault. 

I n  summary, t he  bedrock geology adjacent t o  the  producing geothermal 

f i e l d  a t  Roosevelt Hot Springs i s  unique i n  t h a t  *it contains a fami ly  Of 

northwest-trending mylonite zones which developed through the brecc iat ion o f  

t he  upper block o f  a low-angle normal fau l t .  The in te rsec t ion  o f  these zones 

with the  Opal Mound and Negro Mag Faul t  zones i s  bel ieved t o  produce the  open 

f ractures which contro l  t h e  hydrothermal reservoir .  Thus the  denudation 

fau l t ing  was essent ia l l y  a ground preparation phase where tecton ic  m i l l i n g  and 

f lu id- rock in te rac t ion  produced b r i t t l e ,  impermeable tqylonites f lanked by 

we1 1 -brecciated zones. 

The presence o f  low-angle f a u l t s  i n  the  Roosevelt Hot Springs KGRA 

suggests a number o f  p o s s i b i l i t i e s  t h a t  can be o f  importance i n  the  continued 

development o f  the Roosevelt Hot Springs KGRA i n  par t i cu la r ,  and explorat ion 
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i n  other KGRAs i n  the  Basin and Range i n  general. These p o s s i b i l i t i e s  are 

speculative and there i s  no confirmation t h a t  they have been developed. 

1, The presence o f  low-angle f a u l t s  indicates t h a t  s t ruc tu ra l  reservo i rs  

i n  c r y s t a l l i n e  rocks may be covered by impermeable upper p la tes which mask 

high convective heat f l o w  and el iminate near-surface r e s i s t i v i t y  responses t o  
W 

a l te red  brine-saturated rocks. 

Y 2. There i s  a p o s s i b i l i t y  t h a t  c r y s t a l l i n e  rocks may ove r l i e  pre- fau l t  
I 

volcanics and c l a s t i c  sediments which may providle a s t ra t ig raph ic  contro l  f o r  1 

i much o f  the  hydrothermal reservoir, Again, the  c r y s t a l l i n e  cover may mask t h e  

Y presence o f  t h a t  reservoir. 

3, Low-angle f a u l t s  may channel hydrothermal f l u i d s  away from reservo i rs  

so t h a t  hot  spr ing and a l t e r a t i o n  evidence o f  these reservo i rs  i s  displaced 

re1 a t  i ve t o  the  reservoirs themsel ves . (3 
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THERMAL POWER WEILL 72-16 
ROOSEVELT HOT SPRINGS KGRA 

LITHOLOGY, ALTERATION AND MI NERALJZATION LOG 

EXPLANATION 

ARKOSIC ALLUVIUM. SUBROUNDED 
TO ANGULAR FRAGMENTS AND 

GRAINS OF SILT TO- FlNE GRAVEL SIZE 
DOMINATED BY LEUCOCRATIC GRANITE 
AND ITS CRYSTAL CONSTJTUENTS, WHICH 
COMPRISE MICROCLINE, ORTHOCLASE, PER- 
mlTE, PLAGIOCLASE, AN0 TRACES OF 
SPHENE, APATITE, AND ZIRCON BECOME 
PROGRESSIVELY MORE CONSOLIDATED 
WITH DEPTH. 

SILICIFIED ARKOSlC ALLUVIUM 
SAME AS ABOVE EXCEPT CEMENTED 

WITH SttlCA (OPAL, CHALCEDONY, QUARTZ) 
AND PYRITlZED. 

.*.*-*-* k-1 LEUCOCRATIC BJOTITE GRANITE 
h& FINE- ME0.-XLINE, SUBEQUIGRAN- 

ULAR. 50-60% POTASSIUM FELOSPAR (MI- 
CROCLINE PWS ORTHOCLASE, 155-20% 
PERTHITE, 18-20 % OLIGOCLASES 10-16 Ye 
QUAF?TZ, I %  BIOTITE, fR, ZIRCON, TR. 
A P A T l m  TR-o-to% ALLANITE, TR. MAG- 
NEnTE/ltMENITE, LOCAL TR. SCHEELITE 
MVRMEKITIC INTERGROWTHS COMMON. 

BIOTITE- HORNBLENOE OUARTZ ' MONZONITE GNEISS, MED. CRS. 
XLINE. 36-35Yo ORTHOCLASE, 1-2Yo MICRO- 
CLJNE, 20-25% OLICOCLAS, 10-18 % 
QUARTZ, l5-20% MED.-DARK GREEN 
AMPHIBOLE t PROBABLY HORNBLENDE), 
2% SPHENE, 2% OARK OPAQUE MINEf?AIS 
( MAGNETITE--1LMENlTE 1, TR APATITE, 
tR, ZIRCONS HORNBLENDE AND QUART?: 
COMMONLY OCCUR AS W R M V  INTER- ) 

GROWTHS. QUAR72 COMMONLY STRAINER 

' "/' APATITE-RICH BlOllTE HORNBLENDE 
*** J' PLAGIOCLASE GNEISS FINE-MED. 
XLINE, MOD. WELL-FOLIATED. 45°SOYo PUG, 
COMMONLY ZONED, Sg7Y. STRAINED QUARTZ. 
S-7Y. ORTHOCLASE, 3-7# APATll'E, 2.531. 
SPHENE, O.l-O.3% ZlRCON, IO-lS% BlOtl tE,  
15-2096 HORNBLENDE. 

FAULT COLlGE AND eRECCtA 
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~CleEREVIATIONS 
MED. - MEDIUM 
XLINE-CRYSTALLINE 
TR. - TRACE 
CRS.-COARSE 
OK-DARK 
MOD.- MODERATE (LY) 
0ISS.- Dt SSEMlNAtED 
QT2.- QUARTZ 

LOGGED BY J.N. MOORE 
AND 3.8. HULEN 
JUNE 1978 
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APPENDIX I1 

LITHOLOGIC LOG OF GETTY OIL COMPANY 

UTAH STATE 52-21 
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HOLE # -- 
-UU 76 SC (3HF) 
-UU 76-1 
-UU 1 A  
-W 16 
-UU 76 6s (1 HF) 
-UU TGS (851) 

u J 

APPENDIX 111 

LITHOLOGIC LOGS OF S I X  UNIVERSITY OF UTAH 

THERMAL GRADIENT HOLES 

LOCATIOf! 

SW 1/4, SW 1/4, SE 1/4, Sec. 25, T26S, R9W. 
NW 1/4, NE 1/4, SW 1/4, Sec. 34, T26S, R9W. 
NE 1/4, NE 1/4, SE 1/4, Sec. 4 +  T27S, R9W. 
NE 1/4, SE 1/4, SE 1/4, Sec. 4 ,  T27S, R9W. 
NW 1/4, NE 1/4, NE 1/4, Sec. 8, 7275, R9W. 
NE 1/4, NE 1/4, SE 1/4, Sec. 14, T26S, R9W. 

93 



t 8 (4; 6 e t e d 

c c 

SMCET N P L r U L  
DATE tonnrm . 

GEOPHYSICAL LOOS 
KPA? LOG RUN UURI EARTH SCIENCE LAB 

PROJECT R0OSEVEt.T K GRA 

1 DRILL HOLE- 
OEPOSlf TYPE 
LOGGED 8 Y  SUSAN SAMBtV?G 

COIIE SltL 
(nun. In.) DhTE STARTEO 

D4tE COMPLETE 0 
DRILLINQ C0.- 
FINAL DEPTH 6410-7' Q a 1  
COLLAR ELEV. 6906' (1. IO 

G O - ~ I I A T E B  

6 f f t O - c  
r-265-n.ssE.c.~ 

NX 

t I I 1 1 1 1 1  1 1 1 1 1  I 
I 1 1 1 1  I I I l l l I  1 



e d 

c 
43 6 c' c 

_-.... 1 I .  I 

UURl EARTH SCIENCE LAB DATE 5TARTED 
OATE COMPLETED 
ORnLlNQ CO. 

QHF) COLLAR &LEV. (a. *I 

SUSAN SAMBER 0 OAID n E 

PROJECTRaosEVFLT KGR* FINAL DEPTH h IL) 

DRILL HOLE UU76SC 

LOGGED BY 
' DEPOStT TYPE CO-ORDINATLS :E 

f d - 8 C C .  

53 

8.6' 

8.6' 
31.t 

SI.! 
34J 

10 
11. I 

c 

t I I 1 1 1 1 1  
I 1 1 1 1 1  1 1 1 1 1  I 



c 

UURI EARTH SCIENCE LAB 

PROJECT R m s E y l t  K GRA 

DRILL H O L E L  

LOGGED B Y U  
DEPOSIT TYPE 

BATE BTARTEO 
OATE COMPLETE0 
DRKL#Q GO. 
FINAL DEPTH I r f l . 1  
COLLAR ELEV. c. It) 

C(E.OROI#ATEb 

ORID-- 
T 4 - S E C .  

c 



c 

UURf EARTH SCIENCE LA8 

PROJECT ROOSEVEn ORA 

DRILL H O l E L  
DEPOSIT TYPE 
LOGGED BY SUSAN SBMBERG 

DATE STARTED 
DATE COMPLETED 
DRILLIN6 GO. 
FINAL DEPTH k H) 
CMLAR ELEV. I-. It) 

GO-ORDINATES !E 
ORID-- 

T d - S C C .  

e G C' c iL 

c 



c c e 43 e e t t d c E 

. 

. .  

GEOPHYSICAL LOGS 
r:.*;!l LOO RUN 

DATE STARTED 
OAT€ COMPLETED 

UURl EARTH SCIENCE LAB 

RoQSEVEL' K PROJECT ORA FINAL DEPTH k tI.1 
DRILLIWD CO. 

6SC CSHR ' COLLAR ELEV. (a. It) DRttL HOLE uu7 

LOGGED B Y 5  n 1  
DEPOSIT TYPE M-ORI)l#ATES :z 

f d - 5 E C .  

W 
00 

t I 
I 

I I I I I 1  1 1 1 1 .  

1 1 1 1 1  I 



UURl EARTH SCIENCE LA8 -- 
DATE COMPLETED -- 
DRICLIIQB CO. ' --- -- -- -- PROJECT ROOSEVEtJ mRA FINAL DEPTH hr it.) 

DRILL HOLE uuf 6SC (3HF) COLLAR ELEV. (a. (L) 
7- 

7-  DEPOSIT TYPE CO-WDI1BATTLS 

LOGGED BY SUSAN SAR 

c I I 

I I 1 1 1 1 1  1 i 1 1 1  I 1 
-- 

I I I 
I 

I l l 1 1  1 1 1 1 1  

I I I I I  I I I I I  I 1 



c 

. .  

DATE STARTED 
DATE COMPLETED 
DRlUlNB C a  
FINAL MPTH (rift.) 
COLLAR LLLV. (1.111 ' 

UURl EARTH SCIENCE LA6 

PROJECT ROOSEVELT K ORA 
DRILL HOLE UU7eSc @Hn 

LOGGED BY; 
* DEPOSIT TYPE 1 ~ - 0 m N A T E 8  LE 

T 4 - 8 f C .  

t t a Y e 
c 



1 

g41 - - I I I I I I I I1 
E"I I I I I I I I I I 

k 
i ! 11 '0

 

'
P

 
l

e
 

I 
1
.
 s
 

c
 

W
 

a
 

a
 

- a a 3 
101 



V
 6.' 

c
 Ulllll 

fH I I I I I 

102' 



Q 

c 
6 6 

DATE 8TARTED 
DATE COMPLETED 

UURI EARTH SCIENCE LA8 

DRILL 'HOLE U U W & ~ -  I .- 
COLLAR €LEV. 

r c e 
C 

-- 



c c f e 

UURl EARTH SCIENCE LAB 

PRO J E C T a o o s p - u ~ ~ r .  
ORfLL HOLEULULL+S~'%-~ 

-7 e77 
DEPOSIT TYPE 
LOGGED BY ~ T . B .  ct~u -e 

t z 

DATE STARTED 
DATE COMPLETED 
DRlLLlRQ GO. 
FINAL MPTH--wt.) 

CO-ORDINATES 

@RID-- 

COLLAR ELEV. p t i )  

T-ASCC.-) 

GEOPHYSICAL LOGS 
jY:l!l Lob AUN 

I c 



E e e c t c c 

UURI EARTH SCIENCE LAB 

P R O J E C f n o o = i ~ s w ~ ,  
DRlLL HOLE yu\u.~-~ 
DEPOSIT TYPEs=w- 
LOGGED BY s. R -r=( 

OAT€ STARTED 
DATE COMPLETED 
DRILLINB CO. 
FINAL DEPTH yfr) 
COLLAR ELEW. ylo 

GEOPHYStCAL LOGS 
j r A 7  LOG RUN 

SHEET N S f O F /  
DATE COWANY 



c E c e c 
c 

'LOGGED BY- 

z ' C  c z. 



i: c. c e. c c, t c e 

UURt EARTH SCIENCE 'LA6 

PROJECT_ae- 
ORILL HOLE uulu.-*+. 
DEPOSIT TYPE -- 

DATE STARTED 
OATE COMPLETED 
ORILtMB GO. 
FIWAL DEPTH Wt1.l 
COLLAR €LEV. p (4 

GO-ORDtNATtS L2 

CORES E Cfl4"f 
SMELT N I L " . - & -  

DATE tbmerrtr 1 
GEOPHYSICAL LOGS 

Loo RUN 



c e c 8 E ( I .  c 

UURI EARTH SCIENCE LAB 

PROJECT-- 
DRILL HOLE u, *W bf, ' *,& - 1% 

DEPOSIT TYPEs~Gzx- 

. C 



U
 

Y
 

Y
 

8
 

us us V
 

gl 
i
 

m a 

W
 

0
 
z
 

0
 

v
) 

'
E

 

f
 

I- W
 

a
 

a
 IIIIIIIII 

IIIIIIIII 

109 



b I ,1111 IIIII 

I 

I I 
ILI I I I It111 I I 1 

11111 
I 

I 11111 
I 

'+ 

/ 

ki NIlY 301 
6901 lW31SAHd039 

"3 -3 3 



c e e t c t e c e c 
c 

UURI EARTH SCIENCE LAB 

PROJECT --IT 
DRtLL H O L E ~ A ~  
DEPOSIT TYPE r,\r=rxw 
LOGGED B Y 3 : s . d  

DATE STARTED 
DATE COMPLETED 
WILLIN6 CO. 
FINAL DEPM y1t . r  
COLLAR ELEV. p) 
CO-ORDINATE8 LE 

GEOPHYSICAL LOGS 
tX!l LOG Ruw 

1 -  I I 1 1 I I . .  . 



UURl EARTH SCIENCE CAB 

PROJECf-9cos--\ f 
DRILL HOLE U L U Y . . . . ~ ~ ~ .  
DEPOSIT TYPE e=-*. 
LOGGED B Y B  
I 

f (1 t c E c 
c 



t t c 45 

C 

, ..-,. . I . 

UWRI EARTH SCIENCE LAB 

PROJECT ROOSEVELT KGRA 
DRILL H O L E 1  
DEPOSIT TYPE 
LOGGED BY- 

! 

c CI c t e ,  

SnLLT R B L O f I  

i DATE GOMPIMY 
GtgPgXSICAt 

ConES) E FROM TO 
DATE STARTED (m. f In, it.) lm. 11.) 

DATE COMPLETED 
DRtLLlNS CO. 
FINAL DEPTH 719(5‘ 

CO-ORblNATE6 :ti 
ORID-- 

(n (1.) 
COLLAR ELEV. 7700 IIL ni 

+ . n b . c c . . B B A l l  

wx 

I I 1 1 1 1  1 1 1 1 1  1 
l l l l l  I I ,  , 1  -- J - I - ,  I - 
I I I I L I  

I 1 1 1 1 1  
1 1 1 1 I  

I f  

1 1 1 1 1  
1 1 1 1 1  I 

I I 1 
I 

I I I I I  I 1 



Q c e e c c c t’ 

C 
6 

. . %  

UURl EARTH SCSENCE .LA8 

.- P R O J E C f R o o s E V E I T  KGRA 
DRILL H O L E H  
DEPOSIT TYPE 
LOGGED BY S u S A J ! W B W S  0 

DATE 8TARTED 
DATE COMPLETED 
DRILLIN6 cb. 
FINAL OEPTH (a tt.1 
COLLAR ELEV. (a It) 

GO-ORDINATES 

8RlO-- 
T d - a E C .  

c 



f '  ) -  

UURl EARTH SCIENCE LA8 
PROJECT R~CJSEYE~T K tRA 

7 DRILL HOLE ' UtJ76BS f ~ H n  
-' DEPOSIT TYPE 

LOGGED BY) 

DATE WARTED 
DATE COMPLETED 
DRILLIN6 GO. 
FINAL OEPTM Ct1.t 
COLLAR ELEV. (a. It) 

CO-ORDINATES :g 
ORID-- 

1 4 - S C C .  

COMSIZL FROM TO 
(n In.) (m. fi. 8 

c 

SMELT N S L O F A  
OITL com#m GEWHYSICAL LOGS 

?:':I LOO RUN 



c 

. . . /,. - 
UURl EARTH SCIENCE LAB DATE STARTED 

DATE COMPLETED 
DRlLLtt(9 CO. 
FINAL DEPTH kr It.) 
COLLAR ELtV. tal. 11) 

CO-OWtINATES k'z 
BRIO-- 

T r U I C .  

FROM TO 
(m It . )  

I 

I 



t c c 
c 

e c c i e 

.,-. . . + * . I C  r * . 

UORl EARTH SCIENCE LAB 

PROJECT ROQSEVEtT KGRA 
7 DRILL H O L E L  
'I*' DEPOSIT TYPE 

LOGGED BY- 

DATE 8TARTED 
DATE COMPLETED 
DRILLNO CO. 
FINAL DEPTH, (r 11.1 
COLLAR ELEV. (1. It) 

CO-OROINATEB :zi 
ORID-.... 

1-acc. 

CORE 912C 
(mm. in1 

nx 

- I. 

W€CT N P L W 7  
OATC OOMPIm 



U
 U

 
V

 

Y
 

Y
 

U
 

Y
 

w rr;, (3 

W
 

e;I * I1 I I I I I I I I 
fAl I I I I I I I I I I 

3
 

118 
7
 



'338-A 
--aIYo -Ei€ErmWS NWSnS AB 039001 

3dAl llSOd30 ,I. 

wo1 
.,"* 631V#lOYO-03 

('11 'W 
"Add YM 301 

SSOl lW31SAHd030 



C 

- . *-. . 

DATE STARTED 
, DhTE COMPLETE0 

DRILLINS CO. bI'tl@ &* 
FINAL DEPTH (n t1.b 

f-'j DRILL HOLE UUfGS COLLAR ELEV. (n. ni 

C)RfO-- 

UURl EARTH SCIENCE LAB 
PROJECT f?WE!ELT K GRA 

DEPOSlT TYPE CO-ORDINATES yG 
T m* RLS~~~ .HP**  

LOGGED BY SUSAN SAMBERG 

c-r 
h) 
0 

V 

GEOPHYSICAL LOGSrT 
LOG RUN 

(m. A! 

c- 
, *  _ .  , 

SHEET NQLWL 
DATL : COMplW 

I I I I l 1 1 1 1  
1 1 1 1 1  
I 1 1 1 1  

1 
I I 1 1 1 1 I  I 

i 



3 
DISTRIBUTION LIST 

cj Ex t e rn a 1 

r3 

V 

3 

V 

Y 

Y 

0 

0 

Y 

M.J. Adair 
Usman Ahmed 
A.G. Alpha 
David N. Anderson 
R.J. Andrews 
James K. Applegate 
Sam Arent z , J r . 
Ted Arnow 
David J. Atkinson 
Carl F. Austin 
Lawrence A x t e l l  
Char1 es Bacon 
Larry B a l l  . 
Ronald Barr  
Michael L. Batzle 
H.C. Bemis 
Harry Beyer 
Gene Bickham 
Sv. Bjornsson 
David D. Blackwell 
Gunnar Bodvarsson 
C.M. Bonar 
David Boore 
Francis Bostick 
W. C1 i f f o r d  Bourl and 
Roger L. Bowers 
Gerald Brophy 
Mark Brown 
Wil l iam D, Brumbaugh 
Larry  Burdge 
David R. But le r  
Scott W. Butters 
John Cal l  ander 
Dona1 d Campbell 
Glen Campbell 
Tom Campbell 
Tom Cassel 
Harry M. Castrahtus 
P h i l i p  R. Chandler 

L. Chaturvedi 
H. T. Chiu 

Bob Chri s t  i ansen 
Eugene V. Ciancanell i 
Heber C i  nco 
Jim Combs 
F. Dale Corman 

Bechtel , Inc., San Francisco, CA. 
Terra Tek, S a l t  Lake City, UT. 
Mobil O i l  Corp., Denver, CO. 
Geothermal Resources Counci 1 , Davis, CA. 
Rocky Mountain Well Log Services, Denver, CO. 
Boise .State Universi ty,  Boise, In. 
Steam Corporation o f  America, Sa l t  Lake City, UT. 
USGS, WRD, Sa l t  Lake City, UT. 
Hydrothermal Energy Corp., Los Angel es , CA. 
Geothermal Technology, NWC, China Lake, CA. 
Geothermal Services, Inc., San Diego, CA. 
USGS, Menlo Park, CA. 
DOE/DGE, Washington, DC. 
Earth Power Corporation, :Tulsa, OK. 
Massachusetts I n s t i t u t e  o f  Technology, Cambridge, MA. 
F1 u i d  Energy Corporation, Denver, CO. 
Consultant , E l  Cerr i  to ,  CA. 
S c i e n t i f i c  Software Corp., Denver, CO. 
Science I n s t i t u t e ,  Univ. of Iceland, Reykjavik, Ice. 
Southern Methodist University, Dallas, TX. 
Oregon State University, Corval l is ,  OR. 
A t l a n t i c  R i c h f i e l d  Co., Dallas, TX. 
Stanford University, Stanford, CA. 
Univers i ty  o f  Texas, Austin, TX. 
P h i l l i p s  Petroleum Co., B a r t l e s v i l l e ,  OK. 
Hunt Energy Corporation, Dallas, TX. 
DOE/DGE , Washington , DC. 
Mountain States Resources, Sa l t  Lake City, UT. 
COnoco, Ponca City, OK. 
EG&G Idaho, Idaho Fal ls ,  ID. 
Chevron Resources Co., San Francisco, CA. 
Terra Tek, Sa l t  Lake City, UT. 
Uni versi  ty o f  New Mexi co , A1 buquerque , NM. 
Republic Geothermal, Inc., Santa Fe Springs, CA. 
Gul f  Min. Resource Company, Denver, CO. 
Republic Geothermal , Inc., Santa Fe Springs, CA. 
FELS Center o f  Govt., Univ. o f  Pa., Philadelphia, PA. 
FMC Corp., Princeton, NJ. 
Geoscient i f ic  Systems & Consulting, Playa del Rey, 

New Mexico State University, Las Cruces, NM. 
Chinese Petroleum Corp,, Miaol i , Taiwan, Republic 
o f  China 
USGS, Menlo Park, CA. 
Consulting Geologist, San Diego, CA. 
Stanford University, Stanford, CA. 
Geothermal Services, Inc., San Diego, CA. 
O'Brien Resources, Inc,, Kentf ie ld,  CA. 

CA 



3 - 

R. Corwin 
R i  t c h i  e Coryel 1 
James Cotter 

b R .  A. Crewdson 
Gary Crosby 
Gustavo Cuel lar  
Charles 6. Cunningham 
Ed Decker 
Jere Denton 
Jay 0. Dick 
Don Di l ley  Pig Harbor, WA. 
Wil l iam Dolan 
W.L. D'Ol ier  Thermal Power Company, San Francisco, CA. 
Paul Dona1 dson 
Richard F. Dondanville 
W. F. Downs 
Earth Sciences D iv i s ion  

L ibrary  
Robert C. Edmiston 
Samuel M. Eisenstat 
W i l f  Elders 
M.C. Erskine, Jr. 
Domenic J. Falcone 

Glen Faul kner 
Val A. Finlayson 
Joseph N. Fiore 
M i  1 t o n  Fisher 
Robert T. Forest 
Robert 0. Fournier 
Frank FrSschknecht U.S. Geological Survey, Denver, CO. 
Robert Furgerson 
Gary Gal yardt  U.S. Geological Survey, Denver, CO. 
James G i l f i l l a n  

Steven M. Goldstein 
Bob Greider Intercont inental  Energy Co., Denver, CO. 
John G r i f f i t h  OOE/ID,  Idaho Fal ls ,  ID. 
D. L. Gustafson 
J.H. Hafenbrack 

Tucson, AZ. 
Burns S. Hansen General E l e c t r i c  Company, Sa l t  Lake Cfty, UT. 
Dee C. Hansen 
V. Noble Harbinson 

Charles E. Helsley 
Margaret E. Hinkle 
David To Hodder 
Albert  To Holmes 
Donald B. Hoover 

Univers i ty  o f  Cali fornia, Berkeley, CA. 
National Science Foundation, Washington, DC. 
DOE/NV, Las Vegas, NV. 
Occidental Geothermal, Bakersfield, OK. 
Ph i l  1 i p s  Petroleum Company, Bart1 esvi  11 e, OK. 
CEL, San Salvador, E l  Salvador 
USGS, Denver, Co. 
Uni versi  t y  o f  Wyorni ng , Larami e, WY . 
South1 and Royalty Compan,y, For t  Worth, TX. 
Chaffee Geothermal, Ltd., Denver, CO. 

Amax Exploration Inc., Dlenver, CO. 

Boi se State Uni vers i  t y  , Boise, I D  . 
Union O i  1 Co., Santa Rosa, CA. 
Idaho National Energy Lab., Idaho Fal ls,  ID. 

Lawrence Berkeley Laboratory, Berkeley, CA. 
Anadarko Production Co., Houston, TX. 
Geothermal Expl o ra t  i on Company, New Y ork , NY . 
Univers i ty  o f  Cal i f o r n i a  , Riverside, CA. 
Eureka Resource Associates, Berkeley, CA. 
Geothermal Resources I ntarnat i onal , Mari na 

USGS, Water Resources Divis ion,  Menlo Park, CA. 
Utah Power and L i g h t  Company, S a l t  Lake City, UT. 
DOE/NV, Las Vegas, NV. 
New York City, NY. 
P h i l l i p s  Petroleum Company, Reno, NV. 
USGS, Menlo Park, CA. 

Argonaut Enterprises , Denver, CO. 

Thermogenics, Santa Rosa, CA. 
Lawrence Berkel ey Laboratory, Berkel ey , CA. 
The M i t r e  Corporat i on, McLean , VA. 

Homestake Mining Co., Reno, NV. 
Exxon Co. USA, Denver, CO. 

I 

U 

del Rey, CA. 

y N.E. Goldstein 

@ W.R. Hahman Arizona Bureau o f  Geology & Mineral Technology 

Utah State Engineer, S a l t  Lake City, UT. 
0' B r i m  Resources , Incorporated, Toronto, 

Q Norman H a r t h i l l  Group Seven, Incorporated, Go1 den, COO 
Uni versi  ty  o f  Hawai i , Honol u l  u , HI . 
USGS-Explorat i o n  Research, Go1 den, CO . 
Esca-Tech Corp, Playa del  Rey, CA. 
EMMA, San Francisco, CA. 
USGS, Golden, CO. 

Ontari 0 ,  Canada. 

v 

W 



V 
John V. Howard 
Don H u l l  

IJR. Hume 
Gerald W. Hu t t re r  
Jo Hyde 

Jimmy J . Jacobson 
Laurence P . James 
Richard W. James 
David Jarzabek 
A1 1 an J e l  ac ic  
George R . J i racek 
Richard L. Jodry 
Wi l l iam L. Jones 
Paul Kasameyer 
Lewis J. Katz 

George Kel 1 e r  
Paul K i  n tz i  nger 

John W. Knox 
y James B. Koenig 

Robert P. Koeppen 
Frank C. Kresse 
Jay Kunze 
Mark tandi  sman 
A r t  Lange 

+i D. Larsen 
A.W. Laugh1 i n  
Guy W. Leach - 
Richard C. Lenzer 
Linda Lewis 
Paul Lienau 

U;, Mark A. L igge t t  
Jack J. Loo 
Don Mabey 
Larry  D. Mann 
Skip Mat l ick  
Mark Mathews 

James 0. McClellan 

Robert B. McEuen 
Don C. McMillan 
Dennis S. McMurdie 

@ ' J.R. McNitt 

Tsvi Meidav 
Frank 6. Metcalfe 
Richard J. M i l l e r  
Roy Mink 

W i  T l i a m  F. Isherwood 

W 

w 

9 Mayor Duane May 

u3 

Lawrence Berkeley Laboratory, Berkeley, CA. 
Oregon Dept. of Geology & Mineral Industr ies, 

Al-Aquitaine Exploration, Ltd., Denver, CO. 
Intercont i nental Energy Corporation, Engl ewood , CO. 
CER Corp., Las Vegas, NV. 
USGS, Menlo Park, CA. 
B a t t e l l e  P a c i f i c  Northwest Labs., Richland, WA. 
Consultant, Denver, CO. 
OIT/OOE, Klamath Fal ls,  OR. 
Geothermal Services, San Diego, CA. 
DOE/DGE, Washington, DC. I 

Universi ty of New Mexico, A1 buquerque , NM. 
Richardson, TX 
Logan, UT. 
Lawrence Livermore Laboratory, L i  vermore, CA. 
Utah Geophysical, Incorporated, Sa l t  Lake 

Colorado School o f  Mines, Golden, CO. 
Los Alamos S c i e n t i f i c  Laboratory, Jemet 

Sunoco Energy Development Company, D a l l  as ,. TX. 
Geothermex, Berkeley, CA. 
Oregon I n s t i t u t e  Techno1 ogy, K1 amath Fa1 1 s, OR. 
Harding-Lawson Associates, San Rafael, CA. 
Forsgren, Perkins & ASSOC., Rexburg, ID. 
Univers i ty  of Texas, Da l l  as, Richardson, TX. 
AMAX Exploration, Incorporated, Denver, CO. 
Consultant , Washington, DC. 
Los Alamos S c i e n t i f i c  Laboratory, Los Alamos, NM. 
O i l  Devel opment Company of Texas, Amari 1 1 o ,TX. 
P h i l l i p s  Petroleum Company, Sa l t  Lake City, UT. 
Mobil O i l  Corp., Denver, CO. 
OIT, Klamath Fal ls ,  OR. 
Cyprus Georesearch Company, Los Angeles, CA. 
Dept. o f  Navy, San Bruno, CA. 
USGS, Sa l t  Lake City, UT. 
U.S. DOE, Seattle, WA. 
Republ i c  Geothermal, Santa Fe Springs, CA. 
Los A1 amos S c i e n t i f i c  Laboratory, Los A1 amos , NM. 
City o f  Monroe, Monroe, UT. 
Geothermal E l e c t r i c  Systems Corporatlon, 

Woodward Clyde Consultants, San Francisco, CA. 
Utah Geological & Mineral Survey, Sa l t  Lake City, UT. 
Southland Royalty Co., Fo r t  Worth, TX. 
Energy and Mineral Development Branch, United 

Consultant , Berkeley, CA. 
Geothermal Power Corporation , Novato, CA. 
P a c i f i c  Resources Mgmt., Los Angeles, CA. 
DOE/ID, Idaho Fal ls ,  ID. 

Portland, OR. 

, 

City, UT. 

Springs, NM. 

Sal t  Lake City, UT. 

Nations, NY. 



v 
John M i t che l l  Idaho Dept. o f  Water Resources, Boise, ID. 
Paul Morgan New Mexico State Universi ty,  Las Cruces, NM. 

' Charles Morse System Development Corp., Santa Monica, CA. 
w L . J .  Patr ick  Mu f f l e r  USGS, Menlo Park, CA. 

Charles W. Naeser USGS-DfC, Denver , CO. 

C1 ayton Nichols DOE/ID, Idaho Fal ls ,  ID. 
Dianne R. Nielson Consultant , Sa l t  Lake City, UT. 
Dick Nielson Anaconda-Mineral Resources Group, Denver, CO. 
H.E. Nissen Aminoil USA, Houston, TX. 
Denis Norton Univers i ty  o f  A r i  zona, Tucson, AZ. 
Wi l l iam B. Nowell P h i l l i p s  Petroleum Co., Sa l t  Lake City, UT. 
Care1 Otte Union O i l  Company, Los Angeles, CA. 
G. Palmason Orkustofun, Reykjavik, Iceland. 
Richard H. Pearl Colorado Geological Survey, Denver, CO. 
Wayne Peep1 es Southern Methodist University, Dallas, TX. 
Dean P i 1  kington AMAX Explorat ion Inc., Denver, CO. 
R. E. Plumb Mobil O i  1 Corp, , Denver, CO. 
Harvey S. Pr ice Intercomp Resource Devel opment & Engineering Inc. 

Vincent Radja Indonesian State E l e c t r i c  Co., Bandung, Indonesia 
Alan 0. Ramo Sunoco Energy Devel opment Company, Dal l  as, TX . 
Robert W. Rex Republ i c  Geothermal , Inc., Santa Fe Springs, CA. 
J. D. Rimst idt  Penn. State University, Universi ty Park, PA. 
Barbara R f  t m a  Science & Engineering Department, Univers i ty  of 

John Rowley Los Alamos S c i e n t i f i c  Laboratory, Los Alamos, NM. 

Jack Sal i sbury DOE/DGE, Washington, DC, 
Robert San Mart in New Mexico Energy I n s t i t u t e ,  Las Cruces, NM. 
S.K. Sanyal Stanford University, Stanford, CA.a 
Konosuke Sat0 Metal Mining Agency o f  Japan, Minato-Ku, Tokyo. 
C.E; Schubert D' Appolonia, Pi t tsburgh , PA. 

r3 Robert Schultz EG&G Idaho, Idaho Fal ls ,  ID. 
John V.A. Sharp Hydrosearch, Inc., Reno, NV. 
Wayne Shaw Getty O i l  Company, Bakersfield, CA. 
S. Shikinami Consultant, Tokyo, Japan 
R.C. Shopland Western Geohysical Co., Houston, TX. 
W.P. Sims DeGolyer and MacNaughton , Dal l  as, TX. 

H.W. Smith Universf ty  o f  Texas, Austin, TX. 
M.C. Smith Los A1 amos Scient i f i c  Laboratory, Los A1 amos , NM. 
Robert L. Smith USGS, National Center, Reston, VA. / 

John Sonderegger Montana Bureau o f  Mines & Geology, Butte, MT. 
Robert J. Sperandio Hydro-Search, Inc., Reno, NV. 

@ Nei l  Stefanides Union O i l  Company, Los Angeles, CA. 
Ben Sternberg Conoco, Ponca City, OK. 
Thomas A. Steven USGS, Denver, CO. 

, Marty Steyer National Geothermal I n f o m a t i o n  Resource, LBL, 
Berkeley, CA. 

R.C. Stoker EG&G Idaho, Idaho Fal ls ,  ID. 

td Manuel Nathenson USGS, FGG, Menlo Park, CA. 

Y 

Houston, TX. 

y Marshall Reed DOE/DGE, Washington, DC. 

Utah, Sa l t  Lake City, UT. 

w Peter D. Rowley USGS, Denver, CO. 

0 Frank Smith USGS, Menlo Park, CA. 

Y 



r 
Reid Stone 
W.K. Summers 

- Chandler Swanberg 
U C h a r l e s  M. Swift, Jr. 

Robert L. Tabbert 
David S. Tarbell 
Lee1 and Teepl es , Supt . 
Ronald Toms 
John Tsiaperas 
Prof. Richard E. Turley 
Donald Turner 
USGS Library 

Gerald 0. VanVoorhis 
w Anthony Veneruso 

Jack Von Hoene 
John Walker 
D. Roger Wall 
Paul Wal ton 

Y Richard 6. Weiss 
John Welsh 
James A. Whel an 
J. H. Wherry 
Donald E. White 
Maggi e Widmayer 

W Gordon Wieduwilt 
Syd Willard 
Barry W i  11 i ams 
James Wilson 
Paul Witherspoon 
Harold Wol 1 enberg 

91' Dick Wood 
William 8. Wray, Jr. 

B.J. Mynat 
Paul C. Yuen 
S.H. Yungul 

Ernst 6. Zurflueh 

3 J.B. Syptak 

@ Eliot 3. Zais 

Internal 

49 W. Ursenbach 
S.H. Ward (2) 
P.M. Wright 

R.W. Bamford 
J.N. Moore 
D. Foley 

D.S. Cha man 

W.T. Parry 
L3 Master Report File 

H a P o  ROSS 

G:!: E:: 
W.P. Nas t: 

USGS, Menlo Park, CA. 
W.K. Summers & Associates, Socorro, NM. 
New Mexico Sta te  University, Las Cruces, NM. 
Chevron O i l  Company, San Francisco, CA. 
Anadarko Production Company, Houston, TX. 
Atlantic Richfield Company, Dallas, TX. 
Energy Center, Uni versi t y  of Penn . , Phi  1 a . , PA. 
Sevier School District, Richfield, UT. 
DOE/DGE , Washington , DC. 
Shell O i l  Company, Houston, TX. 
University of Utah, S a l t  Lake City, UT. 
University of A1 aska, Fairbanks, AL. 
Menlo Park, CA. 
Denver, CO. 
Reston, VA. 
Bear Creek Mining Co., Tucson, AZ. 
Sandi a Laboratory, A1 buquerque, NM. 
Davon, Inc., Milford, UT. 
DOE/DGE, Washington, DC. 
Aminoil USA, Inc., Santa Rosa, CA. 
American Geological Enterprises, Inc., S a l t  

Hardi ng-Lawson Assoc . , San Rafael , CA. 
Consultant , Hol 1 aday, UT. 
Naval Weapons Center, Ch ina  Lake, CA. 
Author, Puyall up, WA. 
USGS, Menlo Park, CA. 
DOE/ID, Idaho Falls, ID. 
Mining Geophysical Surve,ys , Inc., Tucson, AZ. 
California Energy Commission, Sacramento, CA. 
Geothermal Services, San Diego, CA. 
NARCO, San Diego, CA. 
Lawrence Berkel ey Laboratory, Berkel ey , CA. 
Lawrence Berkel ey Laboratory, Berkel ey , CA. 
DOE/DGE, Idaho Fal ls ,  ID. 
VanCott, Bagley, Cornwal'l & McCarthy, Sal t  Lake 

Occidental Geothermal, Inc., Bakersfield, CA. 
University of Hawaii @ Manoa, Honolulu, HI. 
Chevron Resources Compan,y, San Francisco , CA. 
E l l io t  Zais & Associates, Corvallis, OR. 
Internat f onal Energy Co., San Francisco , CA. 

Lake City, UT. 

City, UT. 

UURI, Sa l t  Lake City, UT. 
UU/GG, Sa l t  Lake City, UT. 
ESL/UURI , Sa l t  Lake City, UT. 
ESL/UURI , S a l t  Lake City, UT. 
ESL/UURI , Sa l t  Lake City, UT. 
ESL/UURI, Sal t  Lake Clty, UT. 
ESL/UURI, Sa l t  Lake City, UT. 
ESL/UURI, Sa l t  Lake City,  UT. 
UU/GG, Sa l t  Lake City, UT. 
UU/GG, Sa l t  Lake City, UT. 
UU/GG, Sa l t  Lake City, UT. 
UU/GG, Sa l t  Lake City, UT. 
ESL/UURI, Sa l t  Lake City!, UT. 



PLATE I 

E X  P L  A N A T I O N  

Landsl ide 

T 
2( 
S 
T 
2; 
S 

T 
27 
S 
T 
26 
S 

UNIVERSITY o f  UTAH 
RESEARCH INS TI TU 7-E 

SCALE 1:24,000 
1 1/2 0 1 MILE 
- - - ) - - - - - . - I  3 

1000 0 1000 2000 3000 4000 SO00 6000 7000FEET 
I - - - -  -I 1 

1 .s 0 1 KILOMETER 
+ - - - - ,  i 

IC M 

GEOLOGY, 1978, BY 
DENNIS L. NIELSON, BRUCE S, SIBBETT, 0. BROOKS McKINNEY 

AND SUSAN M. SAMBERG I 

From: Nielson, D.L., Sibbett, B.S., McKinney, D.B., 
Hulen,J.B, Moore, J.N., 8 Samberg,S.M., 1978, 
Geology of Roosevelt Hot Springs KGRA, Beaver 
County, Utah: University of  Ulah Research Institute, 
Earth Science Laboratory Report, Department of 
Energy Contract Number EG-78-C-07-1701 

...... 

w 

APPROXIMATE MEAN 
DECLINATION, 1958 

MAP LOCATION 

m 

(1: a 

Opaline and Chalcedonic sinter 

S i  I Ica-cemen ted a i I uvium 

H ema t i te-cemen t ed a I I uviu m 

Manganese-oxide cemented a l luv ium 

A l l uv lum 

Rhyol i te  Domes 
Glassy, 1-5 '10 phenochrysts, perl i te and pumice mantles. 

Pyroclastlcs 
Air tan. f a l l  Weakly and non-welded consolidated. ashflow tuff. White to l ight  

Rhyoiite Flow 
Non- orphyritic glass , gray, f low banded lava and 
o b s l d h  Perlit ic r u i b l e  on f low tops. 

i 
Rhyolite Dlkes 

Aphanit ic T o y  rhyolite dikes. with a proximately 5% 
orthoclask si l ic i f ied and p enocrysts typical ly strongly and minor. Jointed. biofite. Often 

Diabase Dikes 
A hanitlc, l ight brown o r  l ight gray green, with 3% 
p t g i o c l a s e  phenocrysts. TyplcaUy strongly jointed. 

M ic rod io r i t e  Dikes 
Dark plagloclase green, da rk  phenocrysfs gray or o f ten  black present. f ine-grained dikes, 

1 
Granite Dikes 

Fine- rained haner i t ic  reslstant dark brown 
c lose ?y j 0i.n e 8 o u t c r o ps for rn I n g . 'b I oc k y t o rob n ed 
talus, 
Unlabeled dikes are f g r .  

Joints are ty  ically l imonite-stained. 

Granite 
-Coarse to  medium-grained, xenomorphic, even tex tu re  
w i t h  22% quar tz .  Forms massive rounded outcrops, 
weathers to grus. 

Syenite 

Por hyri t lc Granite 
or hy r i t i c  N i t h  25% I to 3 cm microc l ine phenocrysts, 

he&urn to coarse grained matr ix .  Forms resistant 
outcrops. 

Quartz Monzonite 
Coarse . - rained, - . . . - massive, rounded l ight  brown outcrops. 
Flow fol%tlon and m a f l c  xenoliths t yp i ca l  in the 
contact zone. I to 2 cm anhedral to subhedral m ic ro -  
cl ine c rys ta l s  resen t  In  p a r t s  o f  the c o n t a c t  zone. 
Forms some tarus in the con tac t  zone, bu t  weathers 
to  grus in  the in ter lor  o f  t he  p lu ton.  

Dior i te  Medium -gra ined hornblende d io r i t e .  

Hornblende Gneiss 
Medium-gra ined hornblende gneiss; weakly to  strongly 
fo l i a ted .  Forms r e s i s t a n t  ou tc rops .  

Biot i te Gneiss 
Highly variable, b i o t i t e  and  b i o t i t e  -hornblende gn.eisses 
which occur as inclusions within ounger units. Typica i ly  
massive to weakly fo l i a ted  d a d  colored, s hene r i c h  and 
medium-grained. A I kala I fe  Idspar porp h yro &as t s a r e  
corn m 0 n. 

S i l l lmani  t e  Schist - - -  - 
Dark gray to  green f i ne -  rained, f inely laminated schist 
con ta i n i n g abundant bio t lye, f i bro 1 1  t i c si1 I iman i te , and 
m inor gar  n e t  por ph y r o b l  a s t s. 

Quartz i te  White, bedded metaquar t z i t e  containing minor b io t i te  

and feldspar. 

Banded Gneiss 
Gray t o  whi te  conspicuously layered b i o t i t e  gneiss schist 
and migmaji te.,  Hlghly variable .in composition. W e n  
developed isoclinal and ptygmat lc  folding. 

Contact, dashed where approximate 

Fault, i n t ruded  by mlcrodlor i te  dike. 

Fault dashed where inferred, do t ted  where covered. 
B recda  zones shown where mappable. 

Fault, mapped from l inears on areal photos, may have some 
topographic re l ie f .  

Jo in t s  

Fo I ia t ion 

Fol ia t ion wi th  plunge o f  l inear  

Dip o f  dike, thickness not shown to  scale. 
Unlabeled dikes are Tgr. 

Fumarole 

Spring 

Geothermal we I i 

Thermal  gradient hole 

Lake Bonnevi l ie  shore features 

Prospect p i t  

S h a f t  

Adit 
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