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ABSTRACT 

F i f t e e n  sha l l  ow thermal gradient d r i  11 hol es were recent ly completed by 
w 

v' 
Geothermal Power Corporation (GPCR) i n  the v i c i n i t y  o f  the Roosevelt Hot 

Springs KGRA. F ive  holes penetrated Ter t ia ry  g r a n i t i c  rocks and Precambrian 

y3 gneiss east of the KGRA. Seven holes completed e n t i r e l y  i n  al luvium near the 

southwestern corner o f  the KGRA encountered a near-surface marker horizon o f  

Pleistocene pumice and per l  i t e .  Maximum calculated a1 l u v i a l  sedimentation 

rates s3nce i n i t i a l  deposit ion o f  t h i s  pumice and p e r l i t e  range from 1 f o o t  i n  

12,500 years t o  1 foo t  i n  2,300 years. Three holes east o f  the Mineral 

Mountains penetrated l a t e  Cenozoic basal t i c  andesite beneath a t h i n  veneer of 

. 
ci 

CII alluvium. 

Ter t iary  g r a n i t i c  and Precambrian gneissic bedrock penetrated by the GPCR 

holes i s  pervasively bu t  weakly altered. A l te ra t ion  products i n  the  bedrock 
Qct 

consist  o f  t race t o  minor amounts o f  c lay and s e r i c i t e  a f t e r  plagioclase and 

potassium feldspar, c h l o r i t e  a f t e r  mafic minerals, and e r r a t i c a l l y  d is t r ibu ted  

cal c i t e  and epi  dote a f t e r  p l  agi ocl  ase and 1 ekoxene ( f cal c i t e )  a f t e r  sphene . 
A1 l u v i  a1 grains derived from the bedrock are simi 1 a r l y  a1 tered. Una1 tered 

Pleistocene pumice and per l  i t e  coexis t  i n  the a1 1 uvium w i th  a1 tered bedrock 

(ld 
I 

i nd i ca t i ng  t h a t  a l t e r a t i o n  i n  t s antedates a1 1 uv i  a1 V 

deposi ti on and there e antedates the present ly act ive geothermal system. 

vium penetrated by the GPCR 

hwestern corner o f  the KGRA, much 

ndurated by t e cement. This 

l u i d  and heat caprock preventi  n 

-. 
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loss from the ac t ive  geothermal system. i 
I 

, 
Manganese and i r o n  oxides occur i n  h igh ly  var iab le amounts i n  samples 

from a l l  the GPCR holes. Dendr i t ic  f i lms  and crusts o f  manganese oxide i n  

I 
b+ 

0 
I 
i 

a l luvium postdate carbonate cement and may be genet ica l ly  re la ted  t o  the 

presently act ive geothermal system. Disseminated and vei n l  et-control 1 ed 

W 

e 

manganese oxide i n  bedrock i s  o f  uncertain age r e l a t i v e  t o  the geothermal 

system. Most o f  the i r o n  oxides were formed a f t e r  sample co l l ec t i on  by 

oxidat ion o f  d r i l l  s tee l  and o f  steel  l i d s  on sample jars .  

A l l  15 GPCR d r i l l  holes appear t o  be peripheral t o  a central  zone o f  

anomalously h i  gh thermal gradient and 1 ow res1 s t i  v i  ty  del i neated by previous 

investigations. GPCR-8 and -14, however, are characterized by high heat f low 

and r e l a t i v e l y  abundant manganese oxide mineral izat ion, which may r e f l e c t  a 

favorable hydro1 ogi c system control  1 i ng thermal f 1 u i  d f 1 ow a t  depth . These 

holes thus seem most encouraging f o r  discovery o f  a deeper h i  gh-temperature 
6 

geothermal resource . 



INTRODUCTION 

F i  f teen shal l  ow thermal gradient holes were d r i l l e d  adjacent t o  the 

Roosevelt Hot Springs KGRA (Fig. 1, 2a, 2b)  by Geothermal Power Corporation of 
Novato, California,  during mid-and l a t e  1977 and ear ly  1978. By contract  

between Geothermal Power .and the U.S. Energy Research and Development 

Admi n i  s t r a t i  on ( now Department of Energy), cuttings from these hol es were 

subsequently delivered t o  the Earth Science Laboratory (ESL). As par t  of a 

current e f f o r t  by ESL t o  further characterize the ac t ive  geothermal system a t  

Roosevel t , the 1 i tho1 ogy , a1 t e r a t i  on, and mineral i zation of these cutti ngs 

have been examined i n  de ta i l  f o r  the present report. 

GEOLOGIC SETTING 

The Roosevel t Hot Springs KGRA is  s i tuated along the west-central flank 

o f  the Mineral Mountains, the easternmost faul t -b l  ock mountai ns a t  t h i  s 

l a t i t ude  i n  the Basin-Range province. The range is  dominantly underlain by 

grani t ic  rocks of the Mineral Mountains pluton (Fig .  21, which i s  no older 

than 35 m,y. (Lipman, e t  a l , ,  1978) and 

m.y. (K-Ar; Park, 1968; Armstrong, 1970 

a variety of 

oldest  of thes high-grade b io t i  hornbl ende-beari ng gnei sses of 

Precambrian age which crop out  prima i n  and near the KGRA (Nielson, e t  

a1 . , i n  prep. 1- Cambrian quartzi tes  and marine carbonates occupy the northern 

margin of the r ge; marine and terre 

rocks along the margins of the Mineral Mountains. The 



through Cretaceous age occur along the south-central and southern margins 

ccp’ (Liese, 1957; Parry, e t  al., 1977). 
Y 

The Mineral Mountai ns 1 oca1 1 y f 1 anked and over1 a i  n by d i  verse vol cani c 

and sedimentary rocks of la te  Cenozoic age. The volcanics include Pliocene 

iw rhyolite just south of the KGRA, Quaternary basaltic flows which form a broad, 

t h i n  sheet adjacent t o  and east o f  the range, and t h e  Pleistocene (0.8-0.5 

I my.) rhyolite domes, flows and associated pyroclastic deposits of the central 
w portion of t h e  range (Parry, e t  al.,  1977; Lipman, e t  al., 1978). The 

sediments compri se fan gravel s shed from exi sting h i  ghl ands, 1 acustri ne 

deposfts of Pleistocene Lake Bonneville west of the KGRA, and the varied 

lithologies of the Pliocene Sevier River Formation t o  the east and northeast 

(Zimmerman, 1961; Hintze, 1963, 1975). The Sevier River Formation consists 

domi nantl  y of fang1 omerates, conglomerates, sandstones, s i  1 tstones, and marl s 

w i  t h  local 1 y i nterbedded 1 acustri ne 1 imestone, di atomi t e  , and volcanic rocks. 

Principal structures mapped t o  date w i t h i n  and near the KGRA (excluding 

Y 

0 

pre-Cenozoic folding ) are northerly trending h i  gh-angl‘e normal faul t s  of 1 ate 

Cenozoic age and west-northwest t o  east-west trending h i  gh-angl e faults of 

uncertain age and displacement (Petersen, 1975; Evans, 1977 1. 

Qd 

Nearly a l l  known hot  spring deposit V 

mineralization a t  evelt are confi 

on and parallel t o  

recent normal o 

consist of opal emented a1 1 u v i  um. These 

si1 iceous depos uvium t o  opal , alunite, 

x 1/4 m i  le belt centered 

s t  trending structure w i t h  

posits w i t h i n  the belt  

4 



and clay. The sinter and cemented o r  a l tered alluvium, a l l  of which a r e  

commonly sul fur-beari ng , a r e  1 oca1 l y  stained o r  impregnated w i t h  hematite o r  

dark manganese oxides (Nielson, e t  a1 . , i n  prep. 1 . 
Subsurface a1 te ra t ion  and mineral i r a t i  on a t  Roosevel t have been explored 

i n  three shallow d r i l l  holes along the Dome f a u l t  (UU751A,  UU751B, UU761A1, 

and t o  a dep th  of 6100 feet i n  Thermal Power Corporation d r i l l  hole 14-2 (Fig.  

2a 2b).  Near-surface opal -a1 un i  t e  a1 terat ion penetrated by the three shall  ow 

holes (maximum depth  231' ) grades successively downward through zones 

characterized by the assemblages a1 un i  te-kaol i n i  t e  , a1 un i  te-kaol i n i  te- 

montmori 1 1 oni te, and muscovi te-pyri t e  (* marcasite) (Parry, e t  a l  . , 1976; 

Bryant and Parry, 1977). Alteration i n  d r i l l  hole 14-2 i s  generally weak and 

control 1 ed by f rac tures  i n  b i o t i t e  monzoni t e  of the Mineral Mountai ns pluton 

(Ball antyne and Parry, 1978) . Serici te ,  montmori 11 oni t e  and mixed 1 ayer cl ays 

a r e  the most common a l te ra t ion  products i n  the hole t o  a depth of 2350 f ee t ,  

below which various combinations o f  chlor i te ,  ca l c i t e ,  sericite, and minor \ 

METHODS AND PROCEDURES 

Water-saturated sampl es o f  d r i  11 cut t ings f 

hermal gradi ent hol es--ge 

ed t o - t h e  Earth Science Laboratory 

l l y  collected a t  10-foot 

steel l i d s .  Oxidation of these l i d s ,  and pro 

contamination of the cuttings w i t h  new1 

5 
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oxides. The samples were washed t o  remove d r i l l i n g  mud and other foreign 

material ,  t hen  dr ied  and examined w i t h  a conventional binocular microscope a t  

lox-4Ox magni f i c a t i  on. 
w w 

1 
STRATIGRAPHY 

Of the fifteen shallow thermal gradient holes, six (GPCR 1 through 4, 6, 

V 14) are collared i n  Quaternary a l luv ium near the southwest corner of the KGRA 

(Fig. Za, 2b).  Another five (GPCR 5, 7 through 10) are s i tua ted  \ i n  o r  very 

near bedrock along the flanks of the Mineral Mountains. GPCR 11 through 13 

and 18 a r e  collared i n  alluvium e a s t  of the mountains. Y 

Drill holes GPCR-1, 2, 4, 6 and 14, and the upper 100' of GPCR-5 

penetrated arkosic alluvium (Fig. 2a, 2b, 3; Appendix 1). The c l a s t i c  

component of the alluvium consis ts  of subangular t o  subrounded grains up t o  25 

mm. (avg. about 2 mm.) i n  diameter derived from the Mineral Mountains. The 

grains a r e  predominantly Tertiary l i t h i c  and crystal  fragments from grani t ic  

rocks and Precambrian(?) gneisses b u t  a l so  include s i l i c i c  volcanic rocks, 

including pumice, perl i te , rhyol i t e  , and m i  nor obsi di an. 

0 

0 

Pumice and perl i t e  rm a prominent marker horizon i n  the alluvium 8 

penetrated by , 6 ,  and 14 ( arker horizon is  

a r b i t r a r i l y  de 

through contami n aving. The bas 

than 10% pumice perl i t e  t o  avoi d confusion 
I&, 

nown depths rangin approximately 40 feet  i n  GPCR-5 t o  117 feet i n  

C-52-21, a de we11 (Fig.  2a, 2b,  3; 
w 



Appendix 1). The pumice and perlite are derived from s i l ic ic  volcanic centers 

i n  the Mineral Mountains which have been dated by K-Ar methods a t  roughly 

800,000 to  500,000 years (t ipman, e t  al.,  1978). A maximum alluvial  

sedimentation rate since i n i t i a l  depositon of the pumice and pe r l i t e  can t h u s  

be calculated. T h i s  rate ranges from roughly one foot i n  12;500 years in  

GPCR-5 t o  one foot  i n  2,300 years i n  GOC-52-21. 

Rhyolite and porphyritic rhyolite grains are concentrated i n  the upper 

portion of t h e  a l luv ium penetrated by GPCR 2, 3 and 4,  s i tua ted  just outside 

the southern border of the KGRA (Fig. 2a, 2b,  3; Appendix 1) . These grains 

can be tentat ively correlated w i t h  the  Corral Canyon rhyolite ("Tr" Fig.  2a) 

which crops o u t  about one mile upstream from GPCR-2 and has yielded a K-Ar 

date o f  8.02 *0.3 may. (Lipman e t  a l , ,  1978). These older rhyolite grains 

occur a t  the same strat igraphic  horizon in the alluvium as the Pleistocene 

pumice and perlite encountered i n  GPCR-1, 5, 6 and 14. T h i s  relationship 

suggests t h a t  the Corral Canyon rhyolites may have been uplifted 

contemporaneously w i  t h  the empl acement of the P1 ei stocene si 1 i c i  c volcanic 

centers of t h e  central Mineral Mountains . 

/ 

Drill hole GPCR-5 (Fig. 2a, Zb, 3; Appendix 1) encountered biot i te-  

hornblende gneiss beneath a l luv ium a t  a depth of 110 feet. The 

bi o t i  te-hornbl ende gnei ss i s a medium- t o  coarse-crystal 11 ne rock w i  t h  u p  t o  

10%' ( avg. 7%) hornblende , 1.2% b i o t i  t e  , 
type north of GPCR-5 are moderately well fo l ia ted  (Nielson, e t  at . ,  i n  prep.), 

b u t  fo l ia t ion  is  d i f f i c u l t  t o  discern i n  drill cuttings. Orill holes GPCR-7, 

8 and 9 were completed primarily i n  coarse-crystalline granitic rocks of the 

7 



Q, 

Mineral Mountains p l  uton--bioti t e  quartz monzonite i n GPCR-8 and 9 ,  and 

b i o t i t e  gran i te  i n  GPCR-7. In d r i l l  hole 9 ,  the quartz monzonite i s  

contaminated w i t h  cu t t ings  of fine- t o  medium-crystalline b io t i t e -  and 

hornblende-bearing gneiss. 

L V J  
V 

Y 
A1 though col l  ared imnedi ate1 y adjacent t o  bedrock on the northeastern 

flank of the Mineral Mountains, GPCR-10 penetrated approximately 180' of 

arkosic a1 1 uvium before encountering rhyoli t e  porphyry bedrock, f h i  s 
Y .  

anomalous a1 luvial thickness suggests t h a t  the contact  between a1 luv ium and 

bedrock imnediately north of the dr i l l  site may be f a u l t  controlled. The 

rhyol i te porphyry a t  the base of GPCR-10 consi sts of sparse pota'ssi um feldspar 

and quartz phenocrysts (commonly bipyrami dal 1 embedded i n a 1 i ght-gray 

microcrystal 1 i ne matri x. A1 luv ium above the rhyol i t e  i s dominated by grains 

and fragments of biot i  te-hornbl ende quartz monzoni t e  o r  granodiorite simi 1 a r  

t o  the b io t i  te-hornblende gneiss penetrated by GPCR-5 . 

Y 

Y 

Drill holes GPCR-11, 12,  13, and 18 intersected different thicknesses of 

arkosi c a1 1 u v i  um before encounteri ng the basal ti c andesi t e  f 1 ows extensi vely 9, 

exposed east  o f  the Mineral Mountains (Fig.  2a, 2b, 3; Appendix 1). 

a r e  medi urn t o  dark gray, microcrystal 1 i ne t o  aphani t i c  , commonly porphyri ti c, 
vesicular basa l t ic  andesites containing minor pyroxene and olivine. Drill 

The flows 

0 

18 bottomed i n  

kosic alluvium. a1 1 uvi  um above the basal t ic  
Qp 

andesite i s  ri 

the west, while the 

This andesite theref 

desi t e  i s devoi d of these mater1 a1 5. 

dates Pleistocene rhyol i t ic  vol can1 sm i n  adjacent 

the M i  neral Mountains . 
8 



ALTERATION . kid 
0 

Alteration i n  g ran i t ic  and metamorphic rock fragments and grains i n  

alluvium penetrated by the GPCR holes i s  similar t o  tha t  observed i n  grani t ic  

and metamorphic bedrock of the Mineral Mountains (refer t o  following paragraph 

and Appendi x 1). Thi s a1 t e r a t i  on antedates a1 1 uvi  a1 deposi ti on. The a1 tered 

grani t ic  and metamorphic alluvial  grains, which commonly display a dull 

weathering patina, coexist i n  the alluvium wi th  fresh Pleistocene s i l i c i c  

pumice and perlite--a condition which could not prevail had al terat jon of 

these fragments post-dated deposition o f  the a1 1 uvium. 

CI 

6 

Bedrock of the Mineral Mountains penetrated by four  widely-spaced GPCR * 
holes ( 5 ,  7, 8 ,  9 )  i s  pervasively b u t  weakly altered. The al terat ion is  

s imilar  t o  t h a t  documented i n  t he  upper 2350 f e e t  o f  Thermal Power dr i l l  hole 

14-2, a producing geothermal well (Fig.  2a, 2b; Ballantyne and Parry, 1978). 

The a l te ra t ion  is  characterized by t race t o  minor amounts of clay and se r i c i t e  

a f t e r  feldspar (par t icular ly  plagioclase), w i t h  e r r a t i ca l ly  distributed 

ch lor i te  a f t e r  mafic min  a1 s (especi a1 ly  hornblende) , cal ci  t e  and rare  traces 

of epidote after plagioclase, and leucoxene f ca lc i te  after sphene. Rare 

microvei n l  ets  and vel n l  e t  aments  consisting of various combinations of 

chl or i  t e  , epi dote ale1 te, and powdery brick-red t o  maroon hematite 

nor amounts of goethite- and manganese 

0 

ip 

e 

a re  locally present. Trace t o  

aring silicified microb occur i n  cutt ings from WCR-8. Calcite 

occurs as  microveinlets i n  rhyoli 
< 

Calcite cement i s  sent i n  a l l  alluviu PCR-1, 2 ,  3, 4, 6 ,  and 

hwestern corne f the KGRA ( 

9 



cement i s a cryptocrystal 1 i ne 15 ght-gray t o  buff  material which incorporates u 
v silt- and clay-size particles. 

V 

Y 

Y 

0 

0 

Ilu) 

Y 

Basaltic andesite penetrated by d r i l l  holes GPCR-11,  12, and 18 is cut by 

calcite veinlets and microveinlets. In GPCR-12 and 18, vesicles i n  the 

andesite are parti  a1 1 y, 1 i ned w i t h  calcite. The andesite encoungered i n 

GPCR-13 i s  unaltered (Fig.  2a, 2b, 3; Appendix 1) 

Two textural varieties of manganese oxide occur i n  the GPCR d r i l l  holes. 

In bedrock, manganese oxide, commonly admixed w i t h  minor goethite and quartz, 

occurs as disseminated irregular patches and clots, as veinlets and 

microvei n l  e t s  , and as a pervasive stai n associated w i t h  maf i c m i  neral s. Thi  s 

variety of manganese oxide I s  most common i n  d r i l l  hole GPCR-8, i n  which i t  

averages roughly 0.5% by volume of a l l  cuttings and locally exceeds 2%. I n  

a l luvium, manganese oxide occurs as detrital grains o f  this f i r s t  textural 

variety b u t  a l so  a s  dendritic films and crusts coating alluvial grains and 

carbonate cement. T h i s  late-stage manganese oxide i s  relatively rare i n  the 

cuttings and i s  concentrated between 320 and 410 feet i n  d r i l l  hole GPCR-14 

(Fig. 2a, 2b, 3; Appendix 1). 

DISCUSSION AND CONCLUSIONS 
I 

A l l  15 shallow GPCR holes a t  Roosevelt appear t o  be peripheral t o  a 

central zone of anomalously h i g h  near-surface thermal gradient and low 

resistivity (Ward and S i l l ,  19 S i l l  and Bode11 , 1977) . Of the holes 

nearest this zone, GPCR-8 and R-14 seem most encouraging for discovery of 

w 
10 
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0 

deeper h i  gh-temperature thermal waters . Both holes, i n addi ti on t o  bei ng 

characterized by h i g h  heat 'flow ( u p  to  12 HFU i n  14; Geothermal Power 

Corporation, 19781, encountered re1 a t i  vel y strong manganese oxi de 

mineral i za t i  on which may ref 1 e c t  a favorabl e hydro1 ogi c system control 1 i ng 

thermal f l u i d  flow a t  depth. 

W 
W 

Y 

Dendritic manganese oxide mineral ization i n GPCR-14 postdates a1 1 uvial 

V 
deposition and i s probably re1 ated t o  the presently act ive geothermal system. \ 

The re la t ive  age of strong manganese oxide mineralization i n  GPCR-8 is 

unknown. Although i t  does r e f l ec t  a favorable permeable fracture network, i t  

m a y  represent "fossi 1" mineralization to t a l ly  unrelated t o  the geothermal 0 
system. 

A1 t e r a t i  on i n Tertiary grani t ic  and Precambrian gnei ssi c bedrock 
v penetrated by the GPCR holes, a s  well as  i n  al luvial  grains derived from this 

bedrock, probably antedates the geothermal system. A1 teration of the type and 

low intensity affecting these rocks and alluvial  grains i s  e r r a t i ca l ly  

distributed throughout  the central and northern Mineral Mountains (Liese, 

1957; Evans, 1977; Nielson, e t  a l . ,  i n  prep.). Altered gneissic and grani t ic  

grains commonly display a dull  weathering patina and coexist i n  the alluvium 

w i  t h  una1 tered, glassy rhyol i t i c  grains. Th i  s ret 

a1 teration preceded a1 luvial deposition and therefore a lso preceded the 

Y 

e 

' present geothermal system. 

Cryptocrystal 1 i ne cal 

the GPCR holes except 13. 

cy 

e cement i s  p 

I t  i s  particula abundant i n  the holes clustered 

w near the southwestern corner of t h  KGRA. In this area, much of the alluvium 

11 



may be firmly indurated by the cement and therefore might function locally as 

an effective caprock preventing fluid and heat loss from the geothermal 
bd 

V 
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