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ABSTRACT 

The Colado geothermal area in south-central Pershi ng County, Nevada i s  

defined by hot water wells in alluvium just west of the West Humboldt Range. 

Y Geothermal gradient holes have encountered temperatures u p  t o  113.5OC a t  a 

depth of 76 m (250 f t )  with a gradient reversal in the alluvium below this  

depth. 

W 

The West Humboldt Range consists mainly of Triassic t o  Jurassic slaty 

shale t o  quartzite of the Auld Lang Syne Group. 

Jurassic Lovelock Forination have been thrust over pel i t ic  rocks on the south 

Carbonate rocks of the 

end of the area. Erosional remnants of Tertiary tuffs  and sediments overlay 

the metasedimertts in the West Humboldt Range. 

w The principal structures are high-angle faults striking north-northwest, 

northeast and north-south. The horst-to-graben transition a1 ong the range 

front  consists of several step faults trending irregularly north. The 

Y structural pattern in the west edge of the range probably continues t o  the 

west under the Quaterary alluvium where the source of the hot water i s  

located. Thermal waters probably r ise  along a major fault intersection in the 

Mesozoic rocks then spread out in an aquifer in the alluvium. Several thrust 

faults are exposed south of Coal Canyon, and a structural break in the 

Mesozoic rock exists under the canyon. Several low-angle faul ts  are present 

north of Coal Canyon b u t  their  effect ,  i f  any, on the geothermal occurrence i s  

not  known. 
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INTRODUCTION 
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Y 

The Colado geothermal a rea  i s  loca ted  i n  the  Humboldt Val ley about 10 km 

nor theas t  of Lovelock, on the west edge of the West Humboldt Range, Pershing 

County, Nevada (F igure  1 ) .  

t o  66OC a r e  present i n  the a r e a ;  there a r e  no hot springs o r  sinter depos i t s .  

Several  warm water  we l l s  w i t h  temperatures  up  

The Colado a r e a  was mapped' on a reconnaissance b a s i s  by the Southern 

P a c i f i c  Company (Oes te r l ihg  and Pruss, 1960; and Coonrad and Cohen, 1957). 

Speed (1974 and 1976) mapped a large a r e a  south of the present s tudy  a rea  and 

Sulima (1970) mapped the s t r a t i g r a p h y  of Coal Canyon, 
cct 

Getty Oil  Company i s  c u r r e n t l y  explor ing  the geothermal p o t e n t i a l  o f  the 

Colado a rea  and has d r i l l e d  18 thermal g rad ien t  holes and two medium-depth 

W 

v 

temperature  and s t r a t i g r a p h i c  test  holes. T h i s  s tudy  of  the geology of the 

Colado a r e a  was done as p a r t  of the Department of  Energy, Divis ion of 

Geothermal Energy Indus t ry  Coupled Program. 

LITHOLOGIES OF THE COLADO AREA 

Geol oy i c  S e t t  i ng 

The Humboldt Valley is a nor theas t - t rending  graben i n  the western p a r t  o f  
Y 

the Basin and Range Province. The c e n t r a l  p a r t  of the  v a l l e y  i s  covered w i t h  

Quaternary  Lake Lahontan sediments, A1 1 u v i u m  composes the gent1 e s lopes  near 

the range f r o n t s  ( P l a t e  I ) .  Normal step faults form the s t r u c t u r a l  boundary 

I 

31 - 
between the va l l ey  graben and the h o r s t  of the West Humboldt Range. 

The West Humboldt Range c o n s i s t s  of a t h i c k  sequence of lower t o  middle 

2 
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Mesozoic , eugeosynclinal rocks p a r t i a l l y  covered by erosional remnants o f  

T e r t i a r y  r h y o l i t i c  rocks, This  sequence consists mainly o f  p e l i t e s  of the 

Auld Lany Syne Group (Burke and S i l be r l i ng ,  ,1973). Limestone beds o f  the  

I 

Lovelock Formation (Speed, 1974) are exposed i n  t h e  southern p a r t  o f  t h e  area. 

The surface exposures are considered t o  be a succession o f  t h r u s t  nappes 

(Speed, 1976) w i t h  tne  Fencernaker t h r u s t  t he  $Ole t h r u s t  a t  an unknown depth 

below the  allocthonous West Humboldt Range (R. C, Speed, per. corn.). 

Mesozoic Rocks 

The Mesozoic p e l i t e  sequence of t he  Colado Area i s  p a r t  o f  the  T r iass i c  
I 

t o  Jurassic Auld Lang Syne Group (Burke and S i l b e r l i n g ,  1973). The exposed I 

sect ion may belong t o  the  Grass Val ley o r  Raspberry Formations; previous 
I i 

E 

i n ves t i ga to rs  have not  assigned formation names t o  the  p e l i t e  sequence i n  the  

area and s t ra t i g raph ic  c o r r e l a t i o n  i s  beyond the  scope of t h i s  study. 

l imestone u n i t s  i n  the  t h r u s t  nappes which Speed (1976) bel ieves are Jurassic 

i n  age have been mapped as Lovelock Formation; t h i s  formation was not 

! 
I 
I 
! 
i 
1 

The 

i 
I 
i 

co r re la ted  w i t h  other formations i n  Nevada. The Mesozoic rocks i n  t h e  area 

have undergone 1 ow-grade regional metamorphi sm. 

Limestone Breccia (li l s b )  

South o f  Coal Canyon, l imestone breccias are exposed a t  t he  base o f  

t h r u s t  nappes (P la te  I ) .  A t y p i c a l  exposure has a lower zone 1 t o  3 m t h i c k  

of bedded gray l imestone characterized by l a rge  blocks several f e e t  across 

which l o c a l l y  contain i n tense ly  fo lded l imestone beds. The coarse brecc ia i s  

cemented and veined w i t h  whi te c a l c i t e .  An upper zone i s  1/3 t o  2 m t h i c k  and 

consis ts  o f  l imestone fragments one t O  a few cm i n  s i z e  i n  a l i g h t  o l i v e  t o  

Y 

v 4 



olive gray sandy limestone matrix. Siltstone and mudstwe fragments make up 

1/10 t o  1/4 of the breccia w i t h  some open spaces between fragments. 
Y 

The limestone breccia generally rests on shale o r  s la te ,  and these beds 

are truncated a t  a very low angle t o  the bedding, A shale breccia i s  present 

below the limestone breccia in a few outcrops, Al though the limestone breccia Y 

i s  5 t o  20 feet  thick along inost of the  thrust f a u l t  traces near the south end 

of the map area, i t  usually forms a c l i f f  and i s  overlain by a si l tstone ( R  

s), and therefore has a very narrow surface exposure. Limestone breccia i s  

present in the thrust f a u l t  southwest of hill 5388, SW 1/4 Sec.11, T27N, R32E, 

and thins t o  the northeast along th i s  f a u l t ,  

U 

The relative age of the lirne$tone breccia i s  uncertain. Speed (1976) 

Y 

mapped the breccia as Jurassic w i t h  a thrust f a u l t  a t  the lower and upper 

contact. The present study confirmed faulting a t  the lower contact b u t  the 

upper contact i s  poorly exposed and i t s  nature could not be determined. The 

sil tstone (E s) overlies the breccia in the klippes along the south edge of 

the study area (Plate I )  whlch  suggests t h a t  the two units are related. 

v 

Siltstone (1 s) 

A clean, well sorted sil tstone t o  very fine-grained sandstone forms 

V several klippes on the south edge o f  the study area (Plate I ) .  The  unit i s  

texturally uniform, massive, and weathers t o  yellow and tan tones. The 

sil tstone is dis t inct  from any of the other units in the study area. 

@ 
The sil tstone was assigned a Triassic age by $peed (1976) a l though i t  i s  

not clear i f  there is  any fossil  evidence for i t s  age. The unit crops out 

Y 
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on ly  i n  the  uppermost t h r u s t  p l a t e  i n  the area and ove r l i es  the limestone 

breccia which forms the base o f  t he  th rus t .  i 
1 

Slaty Shale and Mudstone ( 3 1  s) I 

i A t h i c k  sequence of s l a t y  mudstone o r  s i l t y  shale, shale, and t h i n  

s i l t s t o n e  beds forms most o f  t he  bedrock exposure i n  t h e  study area. The 

shale i s  t h i n l y  bedded and weathers t o  tan, l i g h t  brown, purple, o l i v e  o r  

l i g h t  gray, forming t h i n  sheets. The shale o r  low grade s l a t e  has a micaceous 

sheen i n  most areas and the poor ly  developed f o l i a t i o n  i s  usual ly  coplanar 

w i t h  bedding, although the f o l i a t i o n  i s  a t  a low anyle t o  bedding i n  some 

outcrops and a t  a r i g h t  anyle t o  bedding a t  the no r th  end o f  the map area. 

, 

With increasing s i l t  content t he  shale grades t o  mudstone. The mudstone 

i s  poor ly  bedded and, although a general t rend can be seen i n  outcrops, an 

accurate s t r i k e  and d ip  usual ly  cannot be measured. The mudstone forms rough, 

i r r e g u l a r  brown fragments and f o l i a t i o n  o f ten  can not be dist inguished from 

bedding. A t y p i c a l  sample contains 20 t g  30 percent 0.03 t o  0.07 mm equant, 

angular quartz grains, and about 10 percent diagenet ic opaques i n  a matr ix  o f  

r e c r y s t a l l i z e d  s e r i c i t e ,  quartz and poss ib ly  minor feldspar. A few grains of 

g lauconi te are present. S m a l l  scale cross bedding i s  present i n  some 

outcrops. 
1w 

A few s i l t s t o n e  beds 1/3 t o  1 m t h i c k  are present i n  t h e  slates. South 

of Coal Canyon a few t h i n  l imestone beds, no t  mapped separately, are present 

L i n  t h e  s l a t e  un i t .  

6 
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The s l a t y  mudstone and shale sequence was not subdivided i n  t h i s ' s t u d y  

due t o  the lack o f  t racab le  o r  unique marker beds. I n  general the  lower P a r t  

of the  sequence, which i s  exposed i n  the  east and northeast pa r t  o f  the  study 

area, i s  dominantly shales w i t h  minor mudstone and s i l t s t o n e  beds and zones. 

To the  west mudstone and s i l t s t o n e  are more prevalent.. The more res i s tan t  and 

l o c a l l y  f a u l t e d  and s i l i c i f i e d  mudstone forms r i dge  c res ts  and gent le  

west-facing slopes. The shale i s  exposed on the  steep east slopes and i n  the  

drainages. No f o s s i l s  were found i n  the  s lates.  

Large areas of poor exposure and the  s t ruc tu ra l  complexity (P late I) . 

prevents t r a c i n g  i nd i v idua l  beds any distance. Previous workers i n  the  area 

have r e l i e d  on outcrop co lo r  as a s t ra t i g raph ic  guide. We found many co lo r  

changes t o  be independent o f  bedding. Cut t ings f r o m  mineral exp lo ra t ion  holes 

around the south Wi l l a rd  Mine and geothermal temperature holes i n  the  study 

area i nd i ca te  t h a t  outcrop c o l o r  i s  produced by weathering and a l l  o f  t he  u n i t  
* 

i s  dark gray a few f e e t  below the surface. 

Y 

w 

Q u a r t z i t e  ( 3 1  q) 

L imi ted exposures of o r thoquar tz i te  are present i n  the northwest p a r t  o f  

t he  study area. The q u a r t z i t e  i s  gray t o  o l i v e  o r  reddish brown, w i t h  f i n e  

sand t o  s i  1 t - s i z e  cemented grains. The q u a r t z i t e  i s  usua l ly  in tense ly  fau l ted  

and consis ts  o f  cemented brecc ia i n  the  SW 1/4 Sect ion 26, T28N, R32E (P late 

I ) .  The brecc ia t ion  o f  the  quar t z i t e  i s  probably due t o  i t s  e l a s t i c  f a i l u r e  

when t h e  l ess  competent enclosing shales deformed. Much o f  the  quar t z i t e  

occurs along the  h i g h l y  fau l ted  range f ron t .  Although th ick ,  the  quar t z i t e  

beds have l i m i t e d  l a t e r a l  extent  due t o  fac ies  changes, incomplete cementing 

v 7 
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along s t r i k e ,  and f a u l t i n y .  Much o f  the s i l i c a  cementing o f  the quar t z i t e  may 

be nydrotherlnal i n  o r i g i n  ra the r  than diagenetic. 

The q u a r t z i t e  i s  a p a r t  o f  the s l a t y  mudstone and shale sequence which 

has s u f f i c i e n t l y  d i s t i n c t  outcrop cha rac te r i s t i cs  t o  be mapped separately. 

The q u a r t z i t e  seems t o  occur i n  the upper p a r t  o f  the s1at.y sequence, although 

f a u l t i n g  makes t h i s  conclusion uncertain. 

Limestone (JR 1) 

A few limestone beds o f  mappable thickness occur w i t h i n  the s l a t y  

mudstone and shale sequence. The carbonate outcrops are mediuni t o  dark gray. 

general ly massive and up t o  12 in th ick .  

Limestone, Q u a r t r i  t e  and Mudstone (JR w) 

I n  the southwest corner o f  the study area a sequence o f  t h i c k  limestone, 

qua r t z i t e ,  and mudstone beds are exposed. The limestone i s  l i g h t  gray t o  tan, 

t h i n  t o  medium bedded, forming t h i c k  un i ts .  The q u a r t z i t e  i s  yray, weathers 

t a n  t o  brown, and i s  composed o f  silica-cemented, wel l -sorted f i n e  sand. The 

iiiudstone i s  s i m i l a r  t o  the other mudstones i n  the area. 

The 1 imestone-quartzi te-mudstone sequence i s  exposed i n  a t h r u s t  p late.  

0 The beds w i t h i n  the sequence d i p  steeply t o  the west (P late I )  and are 

discordant t o  the  lower d ips i n  t h e  t h r u s t  p la tes  above and below it. 

The age of t h i s  u n i t  i s  not known but  i t s  l i t h o l o g y  i s  s i m i l a r  t o  the 
v 

Y 

W i  nnemucca Fonnat i o n  o f  t he  Aul d Lang Syne Group (Burke and S i  1 b e r l  i ng , 1973) . 

8 
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Lovelock Formation (31 ) 

The Lovelock Formation (Speed, 1974) i s  exposed along the  range 
W 

m i l e  and a h a l f  south o f  Coal Canyon. The format ion consis ts  predom 

th i ck ,  1 ight- to-dark gray 1 imestone w i th  associated minor amounts o f  

3 

v 

U 

3 

d 

u 

f r o n t  a 

nant ly  o f  

shale. 

The Lovelock Formation i n  the  Gypsum Mountain area, south o f  the  study area, 

has been described i n  d e t a i l  by Speed (1974). 

D i o r i t e  (Jd) 

A inedi urn-grai ned d i o r i t e  in t rudes the  Mesozoic rocks i n  the  southwest 

pa r t  o f  the  study area. The d i o r i t e  i s  greenish gray and weathers t o  dark 

brown. The rock contains mostly euhedral andesine s t rong ly  a l t e red  t o  

s e r i c i t e ,  epidote and ca l c i t e .  Hornblende, p a r t i a l l y  a1 tered t o  t remol i te ,  

composes about a t h i r d  o f  the  rock. Minor i n t e r s t i t i a l  quartz i s  present. 

I n t r u s i v e  contacts were observed a t  the  lower and upper contacts o f  the  

s i l l - l i k e  i n t r u s i v e  body. The s t ruc tu ra l  s e t t i n g  (Plate I) suggests t h a t  the  

d i o r i t e  in t ruded a t h r u s t  f a u l t .  The age o f  t h e  d i o r i t e  i s  not  known, but  it 

i s  d i f f e r e n t  i n  composition and gra in  s i ze  from the  T e r t i a r y  igneous rocks. 

Other gabbro- to-d ior i te  i n t r u s t i o n s  t o  the  south have y ie lded Jurassic age 

dates (Speed, 1976 ) . 
T e r t i a r y  Rocks 

The T e r t i a r y  rocks i n  the  West Humboldt Range occur as i so la ted  erosional 

remnants o f  volcanic and sedimentary rocks. T e r t i a r y  rocks are more extensive 

t o  the  east o f  the  study area and are not encountered west o f  the  range under 

the  Quaternary sediments. 3 

3 
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Andesite Flows (Ta)  
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Several andesite flows are exposed in the section north o f  the mouth o f  

Coal CanYon; the flows overlie Mesozoic rocks and are overlain by Tertiary 

a1 1 uvium and t u f f  . The andesite i s  dark gray, purple, dark ol i ve or red. The 

andesite contained sinal1 plagioclase laths and mafic crystals which are now 

coinpl etel y a1 tered t o  seri ci t e ,  chlorite, acti no1 i t e  , cal c i t e ,  cl ays and 

hematite. Flow textures and am.ygdules o f  quartz and zeolites are present i n  

some outcrops . 
Basalt S i l l  (Tbs) 

A basalt s i l l  has intruded the s la te  east and southeast o f  the south 

Willard Mine (Plate I ) .  The basalt i s  tholei i t ic  and characterized by a 

diabasic texture. The plagioclase l a t h s  are 0.3 mn long. 

Although the s i l l  closely paral’lels a rhyolite s i l l ,  about three feet of 

slaty shale separate the s i l l s .  The relative age o f  the basalt s i l l  is 

unknown and i t  lacks the olivine phenocrysts present in the Tertiary basalt 

flows east o f  the study area, 
v 

Pyrocl ast  i cs (Tp)  

0 A thick pile of pyroclastics, mostly altered t o  clay, and a perli te form 

the h i l l s  south of the mouth of Coal Canyon. The white-to-tan pyroclastics 

consist of non-welded tuff with some cinders and l i t h i c  fragments in the lower 

U par t .  The steep d i p  of the material (Plate I )  i s  due t o  rotational slumping 

and in i t ia l  dip.  The pyroclastics are probably p a r t  of an ash and cinder pile 

formed during the early part of the eruptive event t h a t  produced the intrusive 

(P 
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plugs o r  domes ( T r i ) .  The p e r l i t e  does not show py roc las t i c  textures and may 
W 
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be an obsidian flow. 

Rhyo l i te  I n t r u s i v e  Pluys ( T r i )  

Two i n t r u s i v e  plugs are exposed south o f  Coal Canyon and cons s t  of pa le 

yellowish-brown, flow-banded f e l s i t e .  The rock i s  columnar j o i n t e d  and has a 

s p h e r u l i t i c  d e v i t r i f i c a t o n  texture. The west p lqg  in t ruded through the  s l a t y  

shale and i n t o  i t s  own py roc las t i c  p i l e  (P late I and P la te  11, C-C'). The 

o r ien ta t i on  o f  t he  plugs has been inf luenced by the  west-dipping sedimentary 

rocks . 
Rhyo l i te  Flow ( T r f )  

The r h y o l i t e  f l o w  which caps the  r idges south o f  t he  mouth o f  Coal Canyon 

i s  probably the  ex t rus ive  equivalent o f  t he  plugs ( T r i ) .  

phenocrysts and consis ts  o f  a l t e r a t i o n  and d e v i t r i f i c a t o n  minerals w i th  

possible minor glass reinaininy. 

The f l o w  lacks 

Conglomerate (Tal ) 

A boulder conglomerate ove r l i es  the  andesite and i s  ove r la in  by the  t u f f  

west o f  t he  M i l l a r d  Mine (P la te  I ) .  The conglomerate i s  poor ly  sor ted w i t h  

c l a s t s  o f  limestone, q u a r t z i t e  and shale being t h e  most abundant. Andesite 

and d i o r i t e  boulders a re  a l so  present i n  a coarse sandy matrix. The 

conylomerate i s  heav i l y  hematite and l imon i te  stained. The u n i t  i s  a channel 

3 f i l l  and var ies  from 0 t o  24 m th ick .  The conglomerate i s  present i n  some 

places under the  t u f f  i n  sections 25 and 31, T28N, R33ES bu t  could nQt be 

v 

mapped due t o  poor exposure. Loose boulders 

i d e n t i f i e d  as T e r t i a r y  gravel by t h e i r  hemat 

on a covered slope can be 

t e  r i n d  and spher ic i t y .  
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Rhyolite Si  

Fel s ic  

Is and D 

rhyolite 

kes (Trd and Trb) 

s i l l s  and a few dikes crop out i n  the study area. The  

s i l l s  are grayish orange to  pale pink, strongly flow foliated, and 1 to  3 m 

thick. T h e  f e l s i t e  i s  hypocrystalline, leucocratic, partially devitrified and 

contains some ser ic i te  and clay. The s i l l s  and dikes are most numerous just  

north of Coal Canyon where they intrude tne thrust fault  (Plate I ) .  

section 6 ,  T27N, R33E, the s i l l s  grade t o  tuff-breccia up-d ip  and were the 

feeders for the tuff ( T t )  t o  the east. 

I n  

Younger rhyolite dikes form breccia dikes ( T r b )  which intrude the tu f f  i n  

the northeast corner of section 6. The breccia dikes contain clasts of t u f f  

i n  a glassy ground mass. 

Tuff ( T t )  

Isolated areas o f  white to  tan vi’tric ash-flow tuf f  overlie the Mesozoic 

rocks, and Tertiary andesite and gravels north of Coal Canyon; soiiie exposures 

are over 100 m thick. The tuff i s  sl ightly to  moderately welded and contains 

a few embayed quar tz  phenocr.ysts. The extent o f  alteration and 

devitrification varies from area t o  area. A basa l ,  non-welded, zone of pumice 

i s  exposed on the east edge o f  the tuff in Section 35, T28N, R32E (Plate I). 

The tuff overlies the older Tertiary conglomerate and i s  overlain by 

younger Tertiary sediments. The relative aye o f  the tuf f ,  pyroclastics, and 

plugs south of Coal Canyon is unknown b u t  their  similar composition suggest 

they are comagmatic. 

W 
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A l l u v i u m  (Ta12) 

Poorly sorted yravels with a s i l t  t o  clay matrix and interbedded 

mudstones overlap the down-dip terminus of the t u f f  u n i t  north and east of the 

Willard Mine (Plate I ) .  The clasts consist mostly of tuff  and minor amounts 

of Mesozoic litholoyies, fragments of the calci te  and qua r t z  veins, and , 

petrified wood. The alluvium i s  poorly consolidated and the s i l t  and clay 

fractions compose most of the u n i t  . 
Non-we1 ded T u f f  ( T t 2 )  

A p i n k ,  non-welded, s i l i c i f ied  ash-flow tuff  cays several h i l l s  of 

Tertiary a l l u v i u m  north ,f the south Willard Mine (Plate I ) .  The tuff 

contains a few altered feldspar crystals and l i t h i c  fraqments i n  devitrified 

g1 ass shards. Fine-grained secondary quartz occurs between the shards. 

Limestone (Tls) 

P i n k  t o  gray Tertiary limestone beds w i t h  interbedded sandstone are 

exposed on the east side of the study area i n  section 32, T28N, R33E (Plate 

I ) .  The  limestone overlies the Tertiary alluvium (Ta12) and i s  overlain t o  

the east by poorly consoljdated mudstone. 

the West Humboldt Range have been t i l t e d  t o  the east by block f a u l t i n g .  

A1 1 u v i  urn (Ts ) 

The limestone and probably most of 

\ 

A t h i c k  sequence of poorly consolidated tuffaceous mudstones and other 

fine-grained sediments are present t o  the east o f  the study area. Basalt 

flows cap these sediments east of the study area. 
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Qudternary Deposits 

The Quaternary sediments consis t  o f  Lake Lahontan deposits and v 

W 

v 

v 

a1 1 uv i  um 

i n  t h e  Humboldt Valley. The lake  sediments inc lude beds o f  sand, s . l t  and 

clay, and beach gravels. The a l luv ium consis ts  o f  poor ly  sorted gravels i n  

a l l u v i a l  fans, stream beds, and col luvium on steep slopes. The Mesozoic 

pel i t e s  disaggregate r a p i d l y  and are there fore  under-represented i n  the  

a l l u v i a l  c l a s t s  which are dominantly T e r t i a r y  volcanic rocks. 

As Lake Lahontan d r ied  up, t he  p r e v a i l i n g  winds transported vast 

quan t i t i es  o f  sand and s i l t  from the  beach and lake  bottom deposits and 

i n  the  range (Plate I ) .  Most o f  t he  aeol ian deposits 

sagebrush and are now being eroded out  o f  the  small 

deposited t h i s  mater ia l  

have been s tab i  1 i zed by 

d r a i  nages they f i 11 ed . 
A l l  o f  t he  landslic es i n  the  study area are associated w i th  T e r t i a r y  

volcanic and sedimentary rocks. 

STRUCTURES OF THE COLADO AREA 

Low-Angl e Fau l t s  

The Mesozoic rocks were t h r u s t  and fo lded dur ing l a t e  Jurassic time. The 

Lovelock Formation was t h r u s t  i n t o  nappes over t h e  o lde r  Trassic-Jurassic 

p e l i t i t i c  rocks i n  the  Gypsum Mountain area (Speed, 1974) south o f  Coal 

Canyon. These t h r u s t  f a u l t s  extend i n t o  t h e  south end o f  t h e  study area 

Y (P late I and cross sec t ion  C-C' ,  P l a t e  11). 

A low-angle f a u l t  i s  exposed on t h e  no r th  s ide o f  Coal Canyon (P la te  I) .  

Although r e l a t i v e  o f f s e t  could not be determined, i t  was mapped as a t h r u s t  
Y 
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because o f  i t s  s t ruc tu ra l  s i m i l a r i t y  t o  the  th rus ts  t o  the  south. Mudstone 

and s i l t s t o n e  have been t h r u s t  over shales and a r h y o l i t e  d i ke  has in t ruded 

the  f a u l t  (P late 11, cross sect ion 9-9'). The loca t i on  of the  t h r u s t  nor th  o f  

the  lands l ide  i s  uncertain. However, the  r h y o l i t e  d i ke  fo l lows a t h i n  breccia 

zone t o  the  nor th  and then west (P late I )  wi th  the  mudstone-over-shale 

re la t i onsh ip  continuing, and t h i s  i s  thought t o  be the  t h r u s t  f a u l t .  

Another low-angle f a u l t  forins the  main s t ruc tu re  a t  the  Rosa1 Mine i n  the  

north-central  p a r t  of the  study area. Q u a r t z i t e  i n  the  upper p l a t e  i s  h igh l y  

fau l ted and brecciated. Relat ive o f f s e t  on secondary f a u l t s  i nd i ca te  t h a t  the  

hanging wal l  i s  down-thrown, there fore  i n d i c a t i n g  a normal f a u l t .  

Several low-angle f a u l t s  are exposed near r i dge  c res ts  i n  the  nor th  

W i l l a r d  Mine area (Plate 11, cross sec t ion  A-A') .  The r e l a t i v e  movement on 

these f a u l t s  i s  unknown, but they genera l ly  place f rac tu red  and s i l i c i f i e d  

mudstone over shale. The low-angle f a u l t s  are typica1, ly a t  a small angle t o  

the  bedding. Where f a u l t  and bedding become coplanar, t he  f a u l t  t race  

disappears. 

Normal Faul ts  

The Colado area i s  h i g h l y  faulted, espec ia l l y  near the  range f ron t .  The 

dominant f a u l t  t rends are north-northwest , north-south and northeast. The 

lack  o f  marker beds i n  the  s l a t y  shale and mudstone sequence make 

determinat ion o f  f a u l t  throw d i f f i c u l t .  General ly t h e  r e l a t i v e  o f f s e t  i s  on ly  

tens t o  a few hundred feet.  The f a u l t s  and veins o f  the  Wi l l a rd  mines t rend 

northeast and d i p  northwest. These f a u l t s  a re  probably Mesozoic i n  age 

because they are terminated and o f f s e t  by f a u l t s  which predate the  T e r t i a r y  
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volcanic rocks. The north-south hi  gh-angl e f a u l t  through the south W i l l  a rd  

mine has 540 f e e t  o f  r e l a t i v e  v e r t i c a l  displacement i f  the  major northeast- 

t rending f a u l t ,  which d ips 40 t o  42 degrees north, i s  used as a reference 

plane (P la te  I). 

A major s t ruc tu re  i s  i n f e r r e d  i n  Coal Canyon; the evidence f o r  t h i s  i s  

the  lack o f  any s t ruc tu re  o r  bed crossing the  Canyon. One unique marker bed. 

a monol i thologic cher t  conglomerate, i s  exposed i n  sect ion 12 south of Coal 

Canyon. The 1 t o  2 m t h i c k  conglomerate dips 15 degrees west and extends from 

near the r h y o l i t e  p lug  t o  the  nor th  end o f  the sect ion but i s  not present 

nor th  o f  Coal Can.yon. On the  nor th  s ide o f  Coal Canyon, a 1 m t h i c k  limestone 

bed extends from the  southwest quarter o f  sect ion 36 through the  west s ide of 

sect ion 1 but  does not  cross the  Canyon. To the  east the  T e r t i a r y  volcanic 

rocks extend across the canyon. The s t ruc tu re  i n  Coal Canyon i s  there fore  

thought t o  be Mesozoic. 

It can be seen on Plate I t h a t  northeast- and northwest-trending f a u l t s  

have con t ro l l ed  the  shape o f  the  ranqe f r o n t ,  espec ia l l y  i n  sect ion 26, T28N, 

R32E. Some are probably pre-ex is t ing f a u l t s  which were react ivated along the  

range front. The competent q u a r t z i t e  has been f rac tu red  and brecciated where 

the  northeast and northwest f a u l t  t rends i n te rsec t  the  range f ron t .  

Surface exposure and d r i l l  ho le  data i n d i c a t e  t h a t  the  horst-graben 

boundary consis ts  o f  several s tep f a u l t s  (P la te  11). 

Quaternary f a u l t i n g  i s  evident i n  two loca t ions  i n  the  northern p a r t  of 

the study area. I n  sect ion 12, T28N, R32E, coarse a l luv ium with beach l i n e s  

16 



on it has been o f f s e t  1 t o  2 m. The scarp cuts Lake Lahontan beach features 

which are about 18,000 years o l d  (Morrison, 1964). I n  section 23, southeast 

of Woolsey, a trough which appears t o  be a f a u l t  l i n e  graben separates the 

range f r o n t  from i t s  a l l u v i a l  apron (Plate I). The graben may have been 

W 

modi f i ed by Lake Lahontan . Y 

No of fset  o f  the Lake Lahontan beds was found along the Humboldt River i n  

the study area. 

Folds and T i l t i n g  

The Mesozoic rocks have undergone i r r e g u l a r  folding, but no general 

v 

W 

v 

pa t te rn  .of f o l d i n g  was noticed. The f o l d s  were not studied i n  d e t a i l  because 

i t  i s  f e l t  t h a t  they are not important t o  the geothermal system due t o  the  low 

po ros i t y  o f  t he  s la tes and shale. The f o l d i n g  along Coal Canyon was studied 

I n  some d e t a i l  by Sulima (1970). 

The beds general ly d i p  west t o  south and have a somewhat uniform d i p  i n  

the eastern h a l f  of the study area. Near the range f ron t ,  d ips are more 

variable. and measured dips are representative o f  an area smaller than the  

synibol covers on the  map. Nany o f  the d ips are f a u l t  produced. 

The T e r t i a r y  limestone beds (T ls)  d i p  t o  the east 5 t o  15 degrees. The 

basal t  f lows a m i l e  east o f  t he  study area a lso d i p  east, i n d i c a t i n g  t h a t  the 

West Humboldt range has been t i l t e d  east. 

A1 t e r a t i o n  and M ine ra l i za t i on  

0 

v 

Gold, antimony and minor copper and s i l v e r  values were produced from the 
' study area between 1905 and 1951 '(Johnson, 1977, p. 102) . Gold production 
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came from quartz ve in le t s  i n  f rac tu re  zones and breccia along northeast- 

s t r i k i n g  f a u l t s  t h a t  d i p  northwest a t  t he  Wi l l a rd  mines. The ore was 

free-mi 11 i ng go1 d and s i  1 ver from surface exposures (Johnson, 1977, p. 103) . 
Copper, lead and z inc were associated w i t h  the  gold i n  the  quartz veins. 

Antimony was produced from the  Johnson-Heizer and Adriene mines which are 

both located on nor thwest-s t r ik ing f a u l t s  t h a t  d i p  southwest (P late I ) .  A 

t o t a l  o f  527 tons o f  ore was mined a t  the  Johnson-Heizer mine dur ing 1916 and 

1946 (Johnson, 1977). The Adriene mine produced 15 tons o f  antimony and the 

Rosa1 mine was developed f o r  antimony but no product ion was reported. 

Current a c t i v i t y  i n  the  area consis ts  o f  exp lo ra t ion  d r i l l  i ng around the  

south Wi l la rd  mine and ca t  work a t  the Johnson-Heizer mine. 

Quartz veins are abundant i n  sections 26, 35 and 36 o f  T28N, R32E (P late 

I ) .  There are  two types o f  quartz veins: 

veinings. The f racture f i l l i n g s  cons is t  o f  a braided network o f  2.5 cm and 

th inne r  veins i n  a f rac tu re  system o r  f a u l t  breccia. These are the  type o f  

veins along which the  Wi l l a rd  mines are developed and may be Mesozoic i n  age. 

f rac tu re  f i l l i n g s  and massive 
\ 

The massive quartz veins are one t o  several m wide, white-to-hematite- 

Y sta ined quartz. No s i g n i f i c a n t  diggings were located on these veins. Some o f  

the  massive veins are pa r t  c a l c i t e  and pa r t  quartz. General ly the  quartz 

post dates the  ca l c i t e .  The massive quartz veins c u t  T e r t i a r y  rocks. 

The c a l c i t e  veins are 1 t o  3 m t h i ck ,  and gray, conta in ing medium- 
rs 

c r y s t a l l i n e  c a l c i t e  and minor dolomite and are  barren o f  su l f ides.  They cu t  

the  a l te red  andesite f lows (Ta) and form r e s i s t a n t  w a l l - l i k e  outcrops. One o f  
Y 
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the  c a l c i t e  veins extends a short  d istance i n t o  the  over ly  

t h i s  i s  probably due t o  an under ly ing r e s i s t a n t  w a l l  which 
w 

The c a l c i t e  veins are therefore younger than the  andesite, 
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ng t u f f  ( T t ) ,  but  

t he  t u f f  covered. 

but older than the 

r h y o l i t e  t u f f .  C lasts  o f  ve in  c a l c i t e  are present i n  the  T e r t i a r y  gravel 

(Tal21 which over l ies  the  t u f f .  

The most notable a l t e r a t i o n  a t  the antimony mines i s  hematite s ta in ing  

(Figure 2). The hematite a t  the  Johnson-Heizer mine i s  l i m i t e d  t o  the  f a u l t  

zone and i s  hard t o  d i s t i ngu ish  from the  red-brown weathering o f  the enclosing 

Mesozoic sediments. Hernatite i s  more widespread i n  the  f rac tu red  quar t z i t e  of 

the  Rosa1 Mine. Quartz veins were not found a t  the  antimony mines. 

Hematite s ta in ing  i s  a lso  associated w i t h  the  quartz ve in le t s  and f a u l t s  

a t  the Wi l la rd  mines. Here again the  enclosing mudstone and s i l t s t o n e  weather 

t o  reddish brown, making i t  hard t o  de l ineate hydrothermal-produced hematite, 

but  the  s ta in ing  i s  widespread and more intense than a t  the  antimony mines 

(Figure 2). S i l i c i f i c a t i o n  o f  the  mudstone along the  mineral ized, northeast- 

t rending s t ructures i s  also strong. The north-south f a u l t s  cut  the 
Y 

minera l ized s t ructures,  are not  mineral ized or s i l i c i f i e d ,  and therefore 

postdate the  mineral i ti ny event . I 

The most extensive and strongest hematite s ta in ing  i s  exposed along the  

range f ron t ,  nor th  of Coal Can.yon (Figure 2). Hematite s ta in ing  i s  pervasive 

i n  the  T e r t i a r y  and Mesozoic rocks along this,zone. The andesite lava f lows Y 

V 

(Ta) are strong1.y a l t e red  t o  s e r i c i t e ,  c a l c i t e ,  c h l o r i t e ,  quartz, c lay  and 

hernati t e  . The abundant quartz and. ca l  c 

devoid o f  hematite s ta in ing  o r  su l f i des  

t e  veins along the  range f r o n t  are 

and there fore  postdate the  hematite 

r, 19 
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Figure 2. Areas of strong hematite staining 
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s ta in ing  i n  the  rocks they cut. Some hematite s ta in ing,  a r g i l l i c  a l t e r a t i o n  

and s i l i c i f i c a t i o n  extena i n t o  the  t u f f  ( T t ) ,  which postdates the  veining, but  

it i s  l i m i t e d  t o  f a u l t  zones. This suggests there were two periods o f  

a l t e r a t i o n  and hematite staininq. Areas o f  s i l i c i f i c a t i o n  are  present i n  the  

t u f f  and quar t z i t e  i n  the hematite-stained areas along the  range f ron t .  

The Te r t i a ry  rhyol  i t e s  have been a1 te red  t o  rnontmori 1 1 on1 t e  a t  several 

loca t ions  i n  the  Colado area (Papke, 1970). Production has been srnall and the  

q u a l i t y  marginal . Most o f  the c lay  deposits were formed by hydrothermal 

a l t e r a t i o n  o f  t u f f  o r  p e r l i t e .  A p e r l i t e  w i t h i n  the  pyroc las t ic  (Tp) u n i t  i n  

sect ion 2, south o f  Coal Canyon (P la te  I ) ,  has been p a r t i a l l y  a l t e red  t o  clay. 

Some production has c m e  from t h i s  deposit. Shard tex tu re  could not bo seen 

i n  a t h i n  sect ion o f  the  p e r l i t e  and i t  i s  probably an obsididn flow, 

Some propect trenches have been dug on montmor i l lon i te  deposits i n  the  NW 

1/4, sect ion 8, and NE 1/4, sect ion 6, T27N, R33E, A t  both these loca t ions  

the t u f f  ( T t )  was the  host rock. 

The small c l ay  deposi t  on the  east s ide o f  sect ion 11, T27N, R32E, which 

was explored w i t h  an a d i t  (P la te  I ) ,  i s  an a l te red  rh.yolite s i l l  i n  the  

Mesozoic sedimentary rocks . 
A l l  o f  ‘these rnontmori l loni te deposits are outside o f  the  areas o f  

hematite s ta in ing  and t h e i r  re la t i onsh ip  

determined. The format ion of these c lay  

(1970) 

t o  mapped st ructures could not 

deposits i s  discussed by Papke 
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A c lay  deposit i n  the  NW 1/4 o f  sect ion 35 on the  range f r o n t  occurs i n  
1 
! 
! t u f f  and i s  heav i l y  heinatite stained. This deposi t  i s  mostly kao l i n i t e .  

V 

Permeabi 1 i ty and F1 u i  d Channel ways 

The Mesozoic c l a s t i c  sediments probably have a very low in te rgranu lar  

V permeabi 1 i ty. The Ter t iary  ex t rus i  ve rocks have some permeabi 1 i t y  a1 ong 

cool ing f rac tu res  and j o i n t s  and the  o lder  a l luv ium (Ta l )  has a sand mat r ix  i 
1 

which probably has good permeabi l i ty .  The T e r t i a r y  rocks are l i m i t e d  t o  

erosional remnants, however . 
Faul ts  provide the  best subsurface channelways f o r  f l u i d  movement i n  the  

area. Although l i m i t e d  t o  the  south end o f  t he  study area, t he  lower massive 

zone o f  the  limestone breccia contains small so lu t i on  c a v i t i e s  along 

s t y l o l i t e s .  Breccia and so lu t i on  poros i ty ,  w i t h  open spaces up t o  a few 

m i l l ime te rs  i n  s ize,  i s  present i n  the  upper zone’of  the  limestone brecc ia and 

i n  a q u a r t z i t e  brecc ia lens w i t h i n  the  t h r u s t  f a u l t  nor th  o f  Coal Canyon. 

Cooling j o i n t s  i n  the  r h y o l i t e  d ike  which in t ruded the t h r u s t  f a u l t  may 

provide some permeabi 1 i ty  a1 so. Open spaces were observed i n  f a u l t  breccias 

along high-angle f a u l t s  i n  sect ion 26, T28N, R32E. Fau l t  breccias along the  

ranye f r o n t  appear t o  have considerable permeabi l i ty  and the  s t rong hematite 

s ta in ing  and s i l i c i f i c a t i o n  along the  range f r o n t  (Figure 2) i nd i ca te  f l u i d  

f low i n  the  past. 

Subsurface Data 

u 

w 

u 

0 

v During 1979 t o  1980, 18 shal low thermal gradient holes and 2 interme- 

diate-depth holes were d r i l l e d  by Getty O i l  Company t o  evaluate the  geothermal 

po ten t ia l  o f  the  Colado area. The cu t t i ngs  were subsequently released f o r  

v 
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study t o  the  Ear th Science Laboratory, UURI, through the DOE/DGE Indust ry  

Coupled Program. The locat ions,  numbers and bottom hole temperatures f o r  eacn V 

v 

V 

U 

w 

U 

hole are shown i n  F igure 3. Figures 4-7 i l l u s t r a t e  the  s t ra t i g raph ic  

re la t ionsh ips  between the  d r i l l  holes across several sections. The shallow 

holes were 150 m (500 f e e t )  deep and the  intermediate holes 354 m and 457 m 

(1160 and 1500 fee t ) .  Log summaries o f  intermediate ho les  IGH-1 & 2 are 

presented i n  Figure 8. The bedrock consists o f  s la te,  s i l t s t o n e  and sandstone 

of Tr iass ic  t o  Jurassic age (Johnson, 1977). M i lky  t o  c lea r  quartz i s  widely 

scattered throughout the  s l a t e  and p y r i t e  occurs separately w i t h i n  the  s la te.  

The p y r i t e  and quartz may have formed from o r i g i n a l  const i tuents  i n  the  rock 

dur ing metamorphism. 

Hole IGH-2 i n  sect ion 10 (Figure 3) encountered calcareous s l a t e  a t  347 m 

(1140 f e e t )  w i t h  quartz i te-bear ing a l luv iu in  o r  a qua r t z i t e  bed i n  the 20 foo t  

sample i n t e r v a l  above the s l a t e  . A1 though carbonate o f  the  Love1 ock Formati on 

would be expected a t  t h i s  l oca t i on  (P la te  I ) ,  the  s l a t e  may be the  

1 imestone-quartzi te-mudstone u n i t  (Js) o r  the s l a t y  shale and mudstone u n i t  

(JKs). There are some s l a t y  shale beds w i t h i n  the  Lovelock Formation. 

I n  general the  Quaternary sediments consis t  o f  poor ly  consol idated 

gravel, sand and niudstone. The gravels conta in  poor ly  sorted c l a s t s  o f  

d iverse l i t h o l o g i e s ;  the sand and gravel are poor ly  cemented by c lay  and 

0 

ca lc i t e .  Mudstones conta in  subordinate amounts o f  coarse sand and gravel, 

V which probably occur as t h i n  lenses. No s t ra t ig raphy  o r  marker beds could be 

found i n  the  alluvium. The upper one-to-two hundred f e e t  o f  mudstone i n  the  

western holes i s  probably Lake Lahontan sediments. 

v 
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Mineralization of possible significance occurs in hole 14-22. Pyrite 

cubes occur in te rs t i t i a l ly  within the gravel and sand a t  depths o f  24 t o  152 m 

(80 t o  500 feet)  (Figure 5), and appear t o  have formed af ter  deposition of 

these sediments. Pyrite i s  particularly abundant and also occurs w i t h i n  

clasts between depths of 85 and 116 m (280 and 380 fee t ) ,  The cuttings are 

angular, green, and appear s i l i c i f ied  in th i s  zone. Some rounded s i l ic i f ied 

clasts are also present i n  th is  zone, and some of this mineralization may 

therefore predate deposition of the sediments. Colado 14-22 is  also the 

hottest of the gradient holes w i t h  a temperature of 112.6oC a t  61 m (200 

feet) .  The bottom hole temperature is  110.3°C a t  152 m (500 feet) .  

Minor pyrite is present i n  the lower half of hole 16-22, one-half mile 

north of 14-22. 

Geothermal System 

Only very limited information on the geothermal system exists a t  the 

present tinle. 

industrial well i n  alluvium a t  Colado has a temperature of 66OC (Garside and 

Schilling, 1979), and several hot  domestic wells are known i n  the Lovelock 

area. A temperature of 112.6°C was encountered by Getty O i l  Coo a t  a depth o f  

61 m (200 feet)  (Earth Science Lab., 1979) in shallow gradient hole 14-22 

(Figure 3). Pyrite and alteration are evident in the Quaternary alluvium i n  

hole 14-22, and a trace element anomaly is  centered on the hole (Christensen, 

1980). Temperature and trace element distributions indicate t h a t  the thermal 

water i s  entering the shallow ground water system near 14-22 and spreading t o  

the southwest in the alluviuni. 

I t  i s  a hot water system w i t h  no surface expression. An 

, 
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No geotnermoineter ca lcu lat ions have been done f o r  t he  Colado area, and 

how much mixing has occurred before the  thermal waters reach 14-22 i s  not 
W 

known . 
CONCLUSIONS 

cp 

Y 

The Colado geothermal occurrance consists o f  a warm water aqui fer  i n  

Quaternary a l luv ium i n  the Humboldt River val ley. This shallow aqui fer  has a 

temperature o f  113.5oC i n  one gradient hole. 

' The bedrock exposed i n  the adjacent West Humboldt Range i s  T r iass i c  and 

J 

Y 

Jurassic s l a t y  p e l i t e s  w i t h  lenses o f  or thoquar tz i te  o f  t he  Auld Lang Syne 

Group (Burke and S i l be r l i ng ,  1973). The carbonate rocks o f  t he  Lovelock 

Formation (Speed, 1974) have been t h r u s t  over t h e  p e l i t i c  rocks on the south 

end o f  the area but are not present i n  the center o f  t he  area, near the 

thermal anomaly. A l imestone breccia which occurs along the t h r u s t  f a u l t s  

south o f  Coal Canyon i s  absent t o  the north. 

The Mesozoic p e l i t i c  rocks are incompetent and do not maintain open 

fractures.  The t h i c k  l imestone sequence on Gypsum Mountain consists o f  t h r u s t  

nappes. 

geot hermal area . 
These t h r u s t  nappes have been eroded o f f  t o  the  no r th  i n  the  

The T e r t i a r y  rocks are s u r f i c i a l  remnants on the  western p a r t  o f  the 

range, and they are not present under t h e  v a l l e y  a l luv ium where d r i l l  holes 

have penetrated t o  bedrock. 

The Colado area i s  a s t r u c t u r a l l y  complex area w i t h  low-angle f a u l t s  i n  

31 



the Mesozoic rocks dipping west, and high-angle f a u l t s  o f  several ages 

t rending northwest, northeast and north-south. A l imestone breccia w i th  

s i g n i f i c a n t  permeabili,ty i s  present along the low-angle f a u l t s  south o f  Coal 
W 

w 

3 

Canyon. North o f  Coal Canyon, permeable lenses o f  q u a r t z i t e  breccia and 

s i l i c i f i e d  f a u l t  breccia are present along low-angle fau l t s .  

exposure o f  low-angle f a u l t s  and the amount o f  breccia w i t h i n  the f a u l t s  

I n  general the 

decrease t o  the north. The high-angle f a u l t s  are v e r t i c a l  t o  west dipping and 

some permeabi l i ty  i s  present i n  s i l i c i f i e d  f a u l t  breccia. Coal Canyon fo l lows 

a s t r u c t u r a l  break w i t h i n  the Mesozoic rocks. 

The ranye f r o n t  nor th  o f  Coal Canyon, t o  where the f r o n t  turns northeast, 

i s  a zone o f  s t ruc tu ra l  weakness. Extensive f r a c t u r e  and breccia zones have 

formed along t h e  range f r o n t  where f a u l t s  have in tersected w i t h i n  Mesozoic 

q u a r t z i t e  . 
The horst-graben t r a n s i t i o n  between the  West Humboldt Range and adjacent 

graben consists o f  several step fau l t s .  Only a few hundred f e e t  of 

displacement occurs on the f a u l t  exposed a t  the range f ron t .  The t race  o f  the 

ranye f r o n t  f a u l t s  has been inf luenced by pre-ex is t ing northwest- and 

nor theast -s t r ik ing fau l t s .  Faul ts along the  range f r o n t  d i p  west 50 t o  80 

degrees. This s t r u c t u r a l  pa t te rn  probably continues t o  t h e  west under the 

quaternary sediments . 
The s i ze  o f  the geothermal system i s  not  y e t  known. I f  a reservo i r  d i d  

v exis t ,  i t  would most l i k e l y  be a f rac tu re -con t ro l l ed  rese rvo i r  i n  Mesozoic 

quar tz i te ,  down d i p  from where the  thermal waters enter  the alluvium. The 

few, t h in  l imestone beds present w i t h i n  t h e  p e l i t e s  south o f  Coal Canyon pinch 

yrr 
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out  t o  the  north. Another p o s s i b i l i t y  would be a reservo i r  i n  coarse basin 

sediments capped by a c lay  bed i n  the  deeper p a r t  o f  the  basin, t o  the  west Of 

the  highway. There i s  a possibi  1 i ty of a f racture-control  1 ed reservoi  r w i t h i n  

brecc ia along a t h r u s t  f a u l t  deep under the  West Humboldt Range. 

a 
The thermal waters are probably r i s i n g  along the  i n te rsec t i on  o f  two 

normal f a u l t s  i n  the  SE 1/4 o f  sect ion 22, T28N, R32E, one s t r i k i n g  northeast 

3 
and the  other  north-northwest o r  north. The thermal water i s  probably 

produced by deep c i r c u l a t i o n  o f  meteoric water along Basin and Ranqe fau l t s .  
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