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ABSTRACT I 
A detai 1 ed low-a1 ti tuae aeromagnetic survey of 576 1 i ne-mi (927 1 i ne-km) 

was completed over a portion of the Cos0 Hot Springs KGRA i n  September 1977. 

The survey has defined a pronounced magnetic low t h a t  could help delineate the 

geothermal system. The magnetic low has an areal extent of approximately 10 

sq m i  (26 sq km). Direct and indirect evidence indicates t h a t  . ?  this anomaly i s  

due, i n  part, t o  magnetite destruction by hydrothermal solutions associated 

w i t h  the geothermal system. The anomaly generally coincides w i t h  two other 

geophysical anomalies which are directly associated w i t h  the system: 1) a 

bedrock electrical resistivity low, and 2 )  an area of relatively h i g h  

near-surface temperatures. The highest measured heat flow, 18 HFU, also 

occurs w i  t h i  n i ts boundary . 
The magnetic low occurs a t  the intersection of two major structural zones 

which coincide w i  t h  a complementary set  of stri ke-sl i p faul t zones determined 

from seismic activity. The intersection of these two zones o f  active 

tectonism probably served as the locus for  emplacement of a p lu ton  a t  depth, 

above which are observed the coincidental geophysical anomalies and surface 

manifestations re1 ated t o  t h e  geothermal system. 
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INTRODUCTION 

On behalf of the U.S. Department of Energy, Division of Geothermal 

Energy, geological and geophysical studies were conducted for a portion of the 

Cos0 Hot Springs KGRA (Fig. 1) by the Earth Science Laboratory, University of 

Utah  Research Institute. These studies served two purposes: 1) evaluation and 

i nterpretati on of resul ts from the d r i  11 i ng and 1 oggi ng o f  CGEH-1 (Gal brai t h ,  

19781, and 2) determination of possible s i tes  fo r  future d r i l l  tests. 

Investigations for the la t ter  were carried out dur ing  September and October, 

1977 and included geologic and alteration mapping (Hulen, 19781, a detailed 

electrical resi sti v i  ty  survey (Fox, 1978) and a 1 ow-a1 ti tude aeromagnetic 

survey, the results of which are the subject of this report. 

A regional aeromagnetic survey of the Cos0 area was completed i n  1975 by 

the U.S. Geological Survey (Open-file report 76-698) which covered an area 32 

m i  E-W by 30 m i  N-S (51  by 48 km) centered approximately on Cos0 Hot Springs. 

The survey a1 ti tude was 7000 feet (2135 m )  above sea level, approximately 2500 

feet (762 m )  above the mean terrain elevation of the present survey area, and 

the f l i g h t  line spacing was one mile (1.6 km). These survey characteristics 

precl uded the recordi ng of 1 oca1 , small scal e changes i n  magneti zati on. 

The present survey was flown t o  generate a detailed magnetic map that 

could show local variations i n  rock magnetization and magnetic features 

related t o  structures that would help delineate the geothermal system. 

GEOLOGY 

The Cos0 Range, i n  which the Cos0 KGRA is located, occurs i n  the western 

Basin and Range province. I t  was formed primarily by d i p - s l i p  movement along 
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norther ly- t rendi  ng, high-angle normal fau l ts .  Within the survey area, the 

Basin and Range st ructure i s  disrupted hy west-northwest, northwest and 

north-trending high-angle faults. P late I covers the survey area and a 

corresponding po r t i on  o f  the Cos0 Range as mapped by Duf f ie ld  and Bacon 

(1977). This map shows the surface geology as a Late Cenozoic basa l t i c  t o  

rhyol  i ti c volcanic sequence r e s t i  ng on a Mesozoi c ( ? 1 basement complex. 

The volcanic sequence includes several prominent r h y o l i t i c  domes and a 

lesser  number o f  basa l t i c  domes. Although the basement complex i s  no t  

subdivided on t h i s  map, Duf f ie ld  and Bacon (1977, sheet 2) ind ica te  t h a t  i t  

consists p r i n c i p a l l y  o f  g r a n i t i c  i n t rus i ve  rock and ranges i n  composition from 

grani te  through quar tz-d ior i te  t o  d i o r i t e  o r  gabbro. Hulen (1978) i n  an 

accompanying repor t  states t h a t  the g r a n i t i c  i ntrusives,  Jurassic-Late 

Cretaceous i n  age, are probably sate1 1 i tes o f  the southern Sier ra Nevada 

Bath01 i t h  . 
AEROMAGNETIC SURVEY 

The t o t a l  - f i e 1  d aeromagnetic survey was conducted by Aer ia l  Surveys o f  

Sa l t  Lake City, Utah. The survey flown i n  September, 1977 covers an area 

extending 12 m i  N-S by 12 m i  (19 km sq) E-W, centered on Devi l  ' s  Kitchen. The 

f l i g h t  a l t i t u d e  was 750 fee t  (229 m )  above mean t e r r a i n  w i th  a one-quarter 

m i le  (403 m) l i n e  spacing. A t o t a l  o f  576 l ine-mi (927 line-km) was surveyed. 

Data were recorded i n  analog format and d i g i t a l l y  on magnetic tape. The 

t e r r a i n  clearance along the f l i g h t  l i n e  was maintained by d i g i t a l  readout from 

a radar a l t imeter  during the survey and was continuously recorded i n  analog 

form on a s t r i p  char t  recorder. A continuously recording ground magnetic 
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s ta t i on  recorded d i  urnal changes i n the magnetic f i e l  d and moni tored magnet1 c 

storm a c t i v i t y .  Topographic base maps f o r  the surveyed area include the USGS 

15 minute topographic series quadrangles o f  Haiwee Reservoir, Cos0 Peak, 

L i t t l e  Lake and Mountain Springs Canyon. 

1 

The survey resu l ts  were compiled manually. A f l i g h t  l i n e  map was made by 

matching images on 35 mm s t r i p  f i l m  o f  the f l i g h t  l i n e s  t o  images on ae r ia l  

photographs (scale 1:18,000) o f  the surveyed area taken a t  the s t a r t  o f  the 

survey. Intermediate po ints  along each f l i g h t  l i n e  were located by l i n e a r  

in te rpo la t ion  between the recovered points. The f l i g h t  l i n e s  located on the 

ae r ia l  photo base were r e c t i f i e d  t o  an accurate topographic base by 

transforming points from the photo base t o  corresponding points on a 1:18,000 

scal e topographi c map. Magnetic Val ues f o r  f i duci a1 numbers correspondi ng 

wi th  the recovered points and maximum and minimum magnetic values observed 

between recovered points  were taken from the analog records and posted along 

the f l i g h t  l ines.  The f i n a l  map was compiled a t  a scale o f  1:24,000 wi th  a 25 

gamma contour in te rva l .  A base leve l  value o f  50,000 gammas was subtracted 

from the observed t o t a l  f i e l d  values. 
. 

INTERPRETATION 

Magnetic Anomal i e s  

The sources o f  several magnetic a1 i es were i denti f i ed by corre l  a t i  ng 
, 

the magnetic anomalies, P la te  11, w i t h  the topography and geology, P la te  I .  

These anomalies are i d e n t i f i e d  by reference points (RP) on Plate 111. The 

source ou t l ines  shown on t h i s  p l a t e  are only approximate out l ines o f  the 
i 

I 

J actual magnetic sources and are shown mainly f o r  the purpose o f  loca t ing  the 
I 
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source areas. Table I shows the probable source rock type, and probable 

causes o f  the anomalies. Except for RP-17, a l l  o f  the i d e n t i f i e d  anomalies 

have sources tha t  are a t t r i bu tab le  t o  the outcropping rock i n  t h e i r  source 

areas . 

TABLE I 

Interpre ta t ion  o f  Magnetic Anomaly Sources 

Reference Point  Probable Rock Type Probable Cause 

RP - 1, 2, 3 ,  17 
R P - 4 , 6 ,  7 , 8 , 9 , 1 0 , 1 1 ,  

13, 14, 15, 18, 19, 20, 
25, 29, 30, 31 

40 
RP - 5, 23, 26, 27, 28 

RP - 12 
RP - 16, 22, 34, 35 
RP - 21 
RP - 24 
RP - 32, 33, 36, 37, 38, 

39 

*SC = Suscepti b i  1 i ty Contrast 
TE = Terrain E f f e c t  
RM = Remanent Magneti t a t i  on 

* 
* 

D i  o r i  t e  o r  Gabbro 

Rhyol i te 

Basalt 
Daci t e  
Basalt 
Granite(?) 
Andesite 

sc* 

SC+TE*+RM* 

SC+TE+RM 
SC+TE+RM 
SC+RM 
SC+TE 
SC+TE+RM 

TE 

Many o f  these anomalies show a strong cor re la t ion  w i th  topography, e.g., 

the r h y o l i t e  domes. Top.ographic-effect magnetic anomalies are caused by 

magnetic t e r r a i n  features Variat ions i n  t e r r a i n  clearance between the 

airborne magnetometer and the topographic surface can s i g n i f i c a n t l y  cont r ibute 

t o  the observed anomalies, especial ly i n  a low a l t i t u d e  survey l i k e  th is .  

Both magnetic highs and lows can be generated by topographic features as shown 

by Figure 2. 
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Prel i m i  nary attempts t o  determi ne the magnetization and source geometry 

f o r  the r h y o l i t e  domes indicated some degree o f  remanent magnetization 

contr ibuted t o  t h e i r  observed anomal ies. Various domes were i ndi v i  dual l y  

model 1 ed using ve r t i ca l  -sided, r i  ght-regul a r  p r i  sms w i  t h  10,000 f t (3050 m) of 

depth extent. The area o f  the models, i n  plan view, approximated the outcrop 

area o f  the ind iv idual  domes as shown on Plate I. The apparent magnetic 

suscepti b i  1 i t i e s  assigned t o  these model s t o  match the observed anomal i es are 

i n  the range 1000-2000 micro-cgs uni ts.  To make the geometry o f  these simple 

models conform more c losely  t o  a reasonable geometry f o r  the r o o t  systems o f  

the domes, e.g. an inverted cone o r  funnel, would cause an attendant volume 

decrease which would have t o  be o f f s e t  by an increase i n  apparent magnetic 

suscepti b i  1 i ty . Apparent suscepti b i  1 i ti es 1 arger than 2000 micro-cgs are 

unusual f o r  rhyo l i t es  i n  general and could be explained by a remanent 

magnetization component. The magnetic suscepti b i  1 i t y  o f  a rock, k, i s the 

r a t i o  o f  the i n tens i t y  o f  i t s  induced magnetic anomaly, I ,  t o  the i n tens i t y  of 

the inducing magnetic f i e l d ,  H; t h a t  i s  k = 4. If a rock i s  Permanently 

magnetized i n  a d i rec t ion  tha t  adds t o  the magnetic anomaly due only t o  

induct ion by the ear th 's  magnetic f ie ld ,  i t  w i l l  have an in terpreted o r  

apparent suscepti b i  1 i ty tha t  i s  higher than the t rue  suscepti b i  1 i ty expected 

f o r  the given rock type. 

A common feature o f  most o f  the r h y o l i t e  domes i s  a pos i t i ve  magnetic 

expression. Var iat ions i n  the  amplitudes o f  t h e i r  anomalies are due t o  

several factors  such as var ia t ions in:  1) magnetic suscep t ib i l i t y  o f  the domes 

o r  between the domes and t h e i r  host rock, 2)  remanent magnetization, 3 )  

t e r r a i n  clearance, o r  4) f l i g h t  l i n e  location. None o f  these factors  read i l y  

a 



explain the lack o f  magnetic expression o f  the dome a t  RP-15a (Plate 111). 

Ei the r  t h i s  dome has no appreciable r o o t  system (volume o f  magnetic mater ia l )  

or, If i t  does, the magnetite w i th in  i t s  r o o t  s t ructure has been a l te red  by 

hydrothermal solut ions t o  non-magnetic hematite o r  pyr i te .  If the l a t t e r  

explanation i s  the actual case, the age determined f o r  t h i s  dome o f  less than 

- 

* 
100,000 years (Lanphere and Dal rymple, 1975) suggests t h a t  the magnetite 

a1 te ra t i on  could be caused by hydrothermal f l u i d s  associated w i th  the present 

geothermal sy s tem. 

Basement Magnetization 

Broad west-northwest trending zones o f  contrast ing magnetic i n tens i t y  

have been del ineated on Plate I 1 1  t h a t  def ine the gross magnetic 

character is t ics  o f  the area. The in tens i t y  leve ls  assigned t o  each zone are 

taken from the contoured magnetic values shown on P la te  11. These are 

residual t o t a l  magnetic f i e l d  values a f t e r  a base level  o f  50,000 gamnas was 

subtracted from the observed values. The two zones o f  low magnetic in tens i ty ,  

general ly less  than 1000 gamnas, are in terpreted t o  be caused by g r a n i t i c  

basement rock. The zones o f  intermediate magnetic in tens i ty ,  1000 t o  1200 

gamnas, are a t t r i bu ted  t o  quartz-dior i  t e  and the high magnetic i n tens i t y  

zones, greater than 1200 gammas, t o  the d i o r i t e  o r  gabbro end of the basement 

composition range. The margins o f  these zones are gradational between 

intermediate and high i n t e n s i t y  zones bu t  sharp between low and intermediate 

and between low and high zones. The sharp gradients are, i n  part ,  

coincidental  w i  t h  west-northwest, t rendi  ng mapped fau l  t s  (P1 a te  I ) and thus 
4 

4 may represent s t ructura l  boundaries between adjacent zones. The sharp 

boundary between the southernmost low magnetic i n t e n s i t y  zone and the adjacent 
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intermediate zone may be the northern edge o f  the west-northwest t rendi  ng 

W i  1 son Canyon f a u l t  system which pro jects  through t h i s  area (Furgerson, 1975, 

pg. 2) .  The sharp boundary between the zone o f  low magnetic i n t e n s i t y  

associated with the Haiwee t rend and the zone o f  h igh magnetic i n t e n s i t y  t o  

the south may r e f l e c t  the southern edge o f  the Haiwee f a u l t  system. 

? 

A magnetic p r o f i l e  t h a t  crosses the three l eve l s  o f  magnetic i n tens i t y  

(see Plate I11 f o r  locat ion)  was analyzed t o  determine the range of apparent 

magnetic suscepti b i  1 i t i e s  t h a t  are associ ated w i  t h  these 1 eve1 s . Figure 3 

shows the observed and computed magnetic gradient and the model used t o  make 

the analysis. As constructed, the model takes i n t o  account the va r ia t i on  i n  

t e r r a i n  clearance along the p r o f i l e  as observed on the t e r r a i n  clearance 

analog record f o r  t h i s  p r o f i l e .  Each prism o f  the model extends 10,000 f e e t  

(3500 m) t o  the east and t o  the west o f  the p r o f i l e  t o  approximate the general 

east-west l i n e a r  t rend i n  t e r r a i n  elevat ion (Plate I )  and t o  produce the 

observed east-west 1 i near t rend i n  magnetic i ntensi t y  (P1 a te I I ) . The p r i  sms 

extend t o  10,000 f e e t  below the l i n e  o f  observation. This depth extent was 

chosen t o  insure tha t  the computed magnetic gradient would be only  a funct ion 

o f  the topographic re1 i e f  and the hor izontal  change i n  magnetic suscepti b i  1 i ty 

and would not  be inf luenced by the depth extent o f  the prisms. Figure 3 shows 

t h a t  an increase i n  magnetic suscep t ib i l i t y  o f  3000 micro cgs u n i t s  across the 

zones from low t o  high magnetic i n tens i t y  i s  required t o  generate the observed 

gradient. 

Magnetic suscep t ib i l i t i es  were measured on ten f o o t  ( 3  m) samples o f  

d r i l l  cu t t ings  from 430 in te rva l s  o f  d r i l l  hole CGEH-1. The samples were 

10 
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placed i n t o  four general categories according t o  composition (Gal bra i th ,  

19781, t h a t  are consistent w i th  those used by Hulen (1978) t o  group the 

surface rocks he observed w i th in  t h i s  area. These categories are: 1) an 

01 der, pre-Late Cretaceous intermediate-to-mafic metamorphic sequence, 2) 

post-metamrphic quar tz - la t i te  porphyry and f e l s i t e ,  3)  Late Cretaceous ( ? I  

grani te  and a1 1 i ed i ntrus i  ves (1 eucograni t e  and a1 aski t e  and 4)  Late Cenozoic 

vol canics ( rhyol i t e )  . Based upon thin-section analysis, these rock types 

encountered i n  CGEH-1 appear only s i  i ght l y  a1 tered (Gal b ra i  t h  , 1978 The 

major i ty o f  samples f a l l  i n  e i ther  the metamorphic o r  grani te  and a l l i e d  

i n t rus i ve  categories. The average magnetic suscepti b i  1 i t y  value for 154 

samples i n  the metamorphic category i s  1118 micro cgs u n i t s  with a standard 

deviat ion of  849 micro cgs; t h a t  f o r  143 samples i n  the grani te  and a l l i e d  

i n t rus i ve  category i s  547 micro cgs un i t s  w i th  a deviat ion o f  566 micro cgs. 

Because o f  the weak suscep t ib i l i t y  contrast  (about 500 micro cgs) documented 

i n  the cut t ings the observed magnetic gradient cannot be caused by a 

gradational hor izontal  change between the two major rock types observed i n  

CGEH-1. 

o f  the observed gradient. Assigning the metamorphic sequence wf t h  i t s  average 

measured suscep t ib i l i t y  (1118) t o  the zone a t  the high magnetic i n tens i t y  end 

o f  the observed gradient and the g r a n i t i c  i nt rus i  ves w i  t h  the i  r average 

suscep t ib i l i t y  (547) t o  the low end w i l l  not  give the computed change (3000) 

i n  suscepti b i  1 i ty  requi red t o  produce the observed gradient Factors t h a t  

could account f o r  t h i s  apparent discrepancy are: 1) an increase i n  mafic 

content of the metamorphics w i th in  the high i n tens i t y  zone g i v ing  an attendant 

increase i n  magnetic suscept ib i l i ty ,  and 2) an attendant decrease i n  the 

These rock types are representative o f  the surface rocks i n  the area 

12 



or ig ina l  o r  primary magnetite content o f  the g ran i t i c  in t rus ives  w i th in  the 

1 ow i n t e n s i t y  zone o r  the destruct ion o f  magneti t e  i n the grand t i c  i nt rus i  ves 

as a r e s u l t  o f  hydrothermal a l terat ion.  Some combination o f  these factors  i s  

most 1 ike ly .  Measurements o f  the magnetic suscep t ib i l i t y  o f  outcrop samples 

along the l i n e  o f  p r o f i l e ,  Plate 111, are required t o  determine t o  what degree 

each of these factors  contr ibute t o  the observed gradient. I f  i t  can be shown 

t h a t  magnetite destruct ion i s  a s ign i f i can t  factor,  t h i s  would have an 

important bearing on the in te rpre ta t ion  o f  the magnetic low out l ined on P la te  

111. 

Structure 

Based on analyses o f  seismic a c t i  r i  ty , Weaver and Walter ( 1977 1 describe 

a northwest t rend o f  r i  ght-1 atera l  , s t r i  ke-sl i p fau l  ti ng , the Haiwee trend, 

and a complimentary northeast t rend o f  l e f t - l a t e r a l  , s t r i k e - s l i p  fau l t ing,  the 

Red H i l l  trend. These geographic names are given t o  the two s t ructura l  zones 

shown on Plate I11 since t h e i r  southwestern and northwestern port ions 

conincide, respectively, t o  the Red H i l l  and the Haiwee trends described by 

Weaver and Walter. Plate I11 shows the Haiwee trend corresponds t o  a zone o f  

through Dev i l ' s  Kitchen and Cos0 

delineated by the canyon through 
t 

Dev i l ' s  Kitchen and Cos0 t iot  Spr 1 
L 

low magnetic i n t e n s i t y  and several s i m i l a r l y  trending f a u l t s  shown on Plate I. 

The Red H i l l  t rend i s  wel l  defined on the magnetic map from Sugarloaf Mountain 

t o  the southwest. The major east-northeast f a u l t  mapped by Hulen (19781, 

Plate 111, i s  evidence f o r  a continuation o f  t h i s  t rend t o  the northeast 

Hot Springs. The t race o f  t h i s  f a u l t  i s  

the eastern side o f  the Cos0 Range between 

ngs. The f a u l t  i s  qu i te  important since the 

fumerolic a c t i v i t y  i s  e i t he r  on o r  along the pro ject ion o f  i t s  trace. The 

13 



deeply-inci sed, northeast-trendi ng canyons through the basa l t  flows e a s t  of 

Cos0 Hot Springs may be fau l t - re la ted  and a s  such could represent a 

continuation of the Red Hill s t ructural  zone. The USGS aeromagnetic map and 

geologic map show east-northeast  magnetic trends, topographic l i nea t ions  and 

inferred f a u l t s  t h a t  support the in te rpre ta t ion  of a through-going, 

east-northeast  s t ruc tura l  zone. The s t ruc tura l  zones shown on P la t e  111 could 

help define zones of ac t ive  tectonism by association w i t h  the zones of ac t ive  

seismicity.  

Magnetic Low 

The magnetic low outlined 

delineated by this survey w i t h  

on Plate  111 is the most s ign i f i can t  fea ture  

respect t o  the Cos0 geothermal system. I t  

generally coincides w i t h  two other  geophysical anomal ies obviously re la ted  t o  

the geothermal system, a bedrock e l ec t r i ca l  resistivity low (Fox, 1978) and an 

area of high, near-surface temperatures defined by LeSchack (1977 ) . The 

highest  measured r a t e  of heat flow, 18 HFU (Combs, 19751, and evidence f o r  

hydrothermal bedrock a1 te ra t ion  and magnet1 te destruct ion,  mapped by Hulen 

(19781, both occur w i t h i n  i t s  boundary. T h i s  d i r e c t  evidence of magnetite 

destruction (a1 though not pervasive), the lack of magnetic expression of the 

rhyol i te  dome a t  RP-lSa, and the analysis  of the magnetic f ie ld  gradient  

(Figure 31, give reason t o  t h i n k  t h a t  the magnetic low is p a r t i a l l y  due t o  

magnetite destruction which is directly related t o  hydrothermal f l u ids  w i t h i n  

the geothermal system. The southern one-half of the low is  due, i n  pa r t ,  t o  

an induced polar izat ion low associated w i t h  the zone of high magnetic 

intensity a t  the southern boundary of the low. A polar izat ion low is induced 

I 

c 

by the e a r t h ' s  magnetic f i e l d  a t  the northern boundary of a magnetic source 

14 



w i t h  higher magnetic suscepti bl i 1 i ty  than i ts  host rock. 

Comparison of High- and Low-A1 t i  tude Magnetic Maps 

Pla te  V I  shows a portion of the USGS, 7000 foot  (2135 m )  constant- 

barometric-a1 ti tude, aeromagnetic map t h a t  corresponds w i  t h  the 1 ow a1 ti tude 

survey. T h i s  map shows what can be considered t o  be an 'upward continuation'  

of t h e  observed 1 ow-a1 ti tude  magnetic f i el d (P1 a t e  I I I Local anomal i es over 

volcanic domes and those resulting from t e r r a i n  effects a r e  completely 

at tenuated while the west-northwest trending zones of contrast ing magnetic 

intensity,  P la te  111, the two complimentary s t ruc tura l  trends and the 

associated magnetic 1 ow a r e  sti 11 readi l y  apparent. 
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SUMMARY AND CONCLUSIONS 

A low-a1 ti tude aeromagnetic survey o f  a po r t i on  o f  the  Cos0 Hot Springs 

KGRA has defined a pronounced magnetic low t h a t  could help del ineate the 

geothermal system. The magnetic low has an areal extent  o f  approximately 10 

sq m i  (26 sq km). D i rec t  and i n d i r e c t  evidence indicates t h a t  t h i s  anomaly i s  

due, i n  part,  t o  magneti t e  destruct ion by hydrothermal sol u t i  ons associated 

wi th  the geothermal system. 

coincides with two other geophysical anomalies which are d i r e c t l y  associated 

w i th  the system: 1 )  a bedrock e l e c t r i c a l  r e s i s t i v i t y  low, and 2) an area o f  

re1 a t i  vely high near-surface temperatures. 

It i s  s ign i f i can t  t ha t  t h i s  anomaly general ly 

. 
c 

The magnetic low occurs a t  the in tersect ion o f  two major s t ructura l  zones 

which are defined by magnetic l ineat ions,  mapped fau l ts ,  and topographic 

features which coincide w i th  a complementary set  o f  s t r i  ke-sl i p f a u l t  zones 

determined from seismic a c t i v i t y  (Weaver and Wal te r ,  1977) . The in tersect ion 

of  these two zones o f  act ive tectonism probably served as the locus for  

emplacement o f  a p lu ton a t  depth, above which are observed the coincidental 

geophysical anomalies and surface manifestations re1 ated t o  the geothermal 

sys tem. 
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EXPLANATION TO ACCOMPANY PRELIMINARY GEOLOGIC MAP OF THE 
COSO VOLCANIC FIELD AND ADJACENT AREAS, INYO COUNTY, CALIF. 
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Note: The r e l a t i v e  ages o f  u n i t s  i n  the v e r t i c a l  columns are we l l  establ ished, whereas some of the 
imp l ied  r e l a t i v e  ages f o r  u n i t s  o f  d i f f e r e n t  columns are not  we l l  establ ished. 
o f  map u n i t s  for  known s t ra t ig raph ic  re la t ions ,  and t a b l e  f o r  K / A r  ages. As ter isk  denotes u n i t  
w i t h  K/Ar  age. 

See descr ip t ions 

DESCRIPTION OF MAP UNITS 

ALLUVIUM Includes coarse a l l u v i a l  fan deposits, stream deposits o f  gravel, sand and s i l t ,  wind blown 
sand, and deposits o f  s i l t  and c l a y  i n  closed depressions. 

OLD ALLUVIUM Includes predominantly sand t o  boulder- r ich a l l u v i a l  fan  and f l u v i a l  deposits; probably 
ranges i n  age from l a t e  o r  middle Pleistocene t o  Holocene; d is t inguished from u n i t  a1 by being p a r t -  
l y  dissected; o ldest (?)  p a r t  o f  t h i s  u n i t  o v e r l a i n  by u n i t  b l r  south-southeast o f  L i t t l e  Lake. 

RHYOLITE OF THE COSO GEOTHERMAL FIELD Thirty-seven separate extrusions o f  sparsely porphyr i t i c ,  homo- 
geneous r h y o l i t e  (r) and associated pyroc las t ic  deposits ( rp) ;  r p  includes minor playa deposits i n  
closed depressions; r h y o l i t e  forms steep-sided, 40 t o  350 meter-high domes, several o f  which are 
overlapping and three o f  which developed f lows about 1 km long; f lows and domes are covered by blocky 
pumiceous t o  p e r l i t i c  carapaces through which r i b s  and spines o f  obs id ian prot rude l o c a l l y ;  r h y o l i t e  
contains no more than 2 percent and genera l l y  less  than 1 percent phenocrysts, a l l  less  than 1 mn 
long; some o r  a l l  o f  the phases quartz, sanidine, o l igoc lase,  Fe-Ti oxides, b i o t i t e ,  hornblende, c l i -  
nopyroxene, orthopyroxene and f a y a l i t e  are present i n  each dome; pyroc las t ic  deposits o f  pumice and 
obs id ian together w i t h  fragments o f  Mesozoic basement rocks form explosion r i n g s  around some domes 
and a mantle over the e n t i r e  area o f  the dome f i e l d ;  some domes car ry  scat tered b a s a l t i c  xeno l i ths  
and r a r e  fragments o f  Mesozoic basement rocks; Pleistocene domes and basa l t  f lows overlap i n  space 
and time; Pleistocene basa l t  u n i t s  bp, bsm, and bcw are o v e r l a i n  by r h y o l i t e  pyroc las t ics  from ad- 
jacent  domes; f i e l d  r e l a t i o n s  i n  the v i c i n i t y  o f  Volcano Peak ind ica te  the fo l low ing  succession: 
(1)  e rup t ion  o f  basa l t  o f  Rose Val ley (brvp) o r  erupt ion o f  a r h y o l i t e  dome (no overlapping r e l a -  
t ions) ,  (2) e rup t ion  o f  basal t  o f  Upper L i t t l e  Lake Ranch (bur), (3) e rup t ion  o f  a r h y o l i t e  dome, 
(4)  e rup t ion  o f  basa l t  o f  Volcano Peak (bvp); K / A r  ages o f  domes range from 0.96 t 0.19 t o  0.041 
0.021 my. (Lanphere and others, 1975). 

BASALT OF VOLCANO. PEAK Flows (bvp), cinder-bomb cone (bvpp), and adjacent c inder  mantle (bvpp) o f  por- 
p h y r i t i c ,  ves icu la r  basalt;  contains 1 percent o f  0.2-1 mn o l i v i n e ,  3 percent 0.2-1 mn yel lowish 
cl inopyroxene w i t h  r a r e  opaque inc lus ions,  15 percent 0.5-4 mn plagioclase, and r a r e  0.6-3 mn embayed 
quar tz  i n  a granular  groundmass o f  o l i v i n e ,  clinopyroxene, opaques,and plagioclase; o l i v i n e ,  c l inopy-  
roxene, and p lag ioc lase phenocrysts comnonly intergrown i n  c lo ts ;  over l ies  u n i t s  bsvp, bcr, r, bur, 
bwp and brv; aa f low surface and f low channels are we l l  preserved; f lows fo l lowed stream val leys; 
K/Ar  age 0.038 5 0.032 my. (Lanphere and others, 1975); probably the youngest vo lcanic  u n i t  i n  the 
map area; estimated average thickness o f  f lows 2-6 meters. 

BASALT SOUTH OF VOLCANO PEAK Flow (bsvp), cinder-bomb cone (bsvpp) and adjacent' c inder  mantle (bsvpp) 

1T-I 
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o f  porphyr i t i c ,  ves icu la r  basalt;  f low was fed  from vent marked by the cone 0.8 km south o f  Volcano 
Peak; contains 3 percent o f  0.1-0.6 mn o l i v i n e ,  2 percont o f  0.1-1 mn cl inopyroxene comnonly i n  c l o t s  
and conta in ing r a r e  opaque inclusions, and 15 percent o f  0.2-4 mm plagioc lase w i t h  o l i v i n e  inc lus ions 
i n  an aphani t ic  groundmass; over l ies  u n i t  bcr; and i s  o v e r l a i n  by u n i t  bvp; aa f low surface and f low 
channels we l l  preserved; estimated thickness o f  f low 2-6 meters. 

DEPARTMENT OF TPiE INTERIOR 
UNITED S T A T E S  GEOLOGICAL SURVEY 

US. GEOLOGICAL SURVEY 
OPEN FILE MAP 

77-31 1 
SHEET 2 OF 2 

BASALT OF CINDER RIDGE Seven cinder-bomb cones (bcrp) adjacent c inder  mantle (bcrp), and a t  l e a s t  two 
f lows (bcr )  o f  porphyr i t i c ,  ves icu lar  basalt; youngest f low contains about 2 percent of 0.2 mn and 
smaller olivi.ne, 2 percent o f  0.1-0.8 mn pale ye l low clinopyroxene, 10 percent o f  0.1-1 mn plagio-  
clase, and 3 percent o f  1-10 mn plagioc lase i n  an aphani t ic  groundmass; youngest f l o w  contains r e l a -  
t i v e l y  more p lag ioc lase and less o l i v i n e  phenocrysts than underlying f low; over1 i e s  u n i t s  bwa, swh, 
b l r ,  and ba, and i s  o v e r l a i n  by u n i t s  bvp, arld bsvp; much o r  a l l  o f  youngest f low appears t o  have 
issued from most souther ly  o f  f i v e  a l igned c inder  cones; aa f low surface and f l o w  channels we l l  pre- 
served; magnetic p o l a r i t y  normal; t o t a l  thickness about 3-8 meters. 

bcrp b c r  I>I 

F-j 

p$-Ll 

m 

m 

BASALT SOUTHWEST OF VOLCANO PEAK P a r t l y  bur ied basal t  c inder  cone; o v e r l a i n  by u n i t  bvp. 

BASALT WEST OF AIRPORT LAKE Flow (bwa), cinder cone (bwap), and adjacent c inder  mantle (bwap) o f  
porphyr i t i c ,  ves icu la r  basalt;  contains 1 percent o f  0.1-0.2 mn opaque mineral (t i tanomagneti te?), 
2 percent o f  0.1-0.8 mn o l iv ine ,  and 7 percent o f  0.3-2 mn plagioc lase i n  a groundmass o f  f e l t e d  
p lag ioc lase la ths,  granular  o l i v i n e ,  pyroxene,and opaque mineral;  over l ies  u n i t s  swh, ba,and i s  
o v e r l a i n  by u n i t  bcr; strand l i n e s  eroded i n t o  t h i s  u n i t  along southwest edge o f  A i r p o r t  Lake; aa 
surface and f l o w  channels preserved; magnetic p o l a r i t y  normal; 2 t o  4 meters th ick .  

BASALT OF MERCURY PROSPECT Flow (bp) and c inder  cone (bpp) o f  ves icu lar  basal t ;  contains 1 percent 
0.1-0.3 mn o l iv ine ,  0.5 percent 0.1-0.6 mn opaques, and 8 percent 0.2-1.5 mn plagioc lase i n  a ground- 
mass o f  granular  o l i v i n e ,  opaques, pyroxene, and p lag ioc lase la ths;  xeno l i ths  o f  Mesozoic g r a n i t i c  
basement rocks common; o v e r l i e s  u n i t s  bcw, c, omf, od,and oal; f l o w  channel and aa surface preserved 
l o c a l l y ;  f l o w  fo l lowed a stream channel i n t o  A i r p o r t  Lake; about 2 t o  7 meters th ick ;  magnetic pola- 
r i t y  normal; K / A r  age 0.234 5 0.022 m.y. 

r i t i c ,  ves icu la r  basalt;  contains 1 percent 0.1-1 mn o l i v i n e  w i t h  opaque-inclusions, l e s s  than 1 per- 
cent ye l low ish  clinopyroxene, 2 percent 0.1-1 mn plagioclase, and 5 percent 1-3 mn plagioc lase i n  
groundmass o f  f e l t e d  p lag ioc lase l a t h s  granular 01 iv ine ,  opaques , and pyroxene; xeno l i ths  o f  Mesozoic 
g r a n i t i c  basement rocks c m n ;  over l ies  u n i t s  bur and b l r ;  f low fo l lowed Pleistocene Owens River  
channel a t  l e a s t  16 km downstream i n t o  Ind ian Wells Val ley; aa t o  pahoehoe f l o w  surface we l l  preserved 
l o c a l l y ;  magnetic p o l a r i t y  normal; about 4 t o  10 meters th ick .  

BASALT OF UPPER LITTLE LAKE RANCH Flow (bur) and c inder  cone (burp) o f  ves icu la r  basalt;  contains 1 
percent 0.2-1 mn o l i v i n e  and 2 percent 0.3-1 mn plagioc lase i n  a coarse grained, sub-ophit ic ground- 
mass o f  o l i v i n e ,  opaques, lavender clinopyroxene, and p lag ioc lase la ths;  o v e r l i e s  u n i t s  b l r  and brv, 
and i s  o v e r l a i n  by u n i t s  bvp and brh; flowed down Pleistocene Owens R iver  channel f o r  a t  l e a s t  15 km; 
pahoehoe t o  aa f l o w  surface preserved l o c a l l y ;  d g n e t i c  p o l a r i t y  normal; thickness ranges from about 
5 meters t o  a maximum exposed thickness o f  25 meters where lava ponded i n  Owens River  channel near 
L i t t l e  Lake; o v e r l a i n  by r h y o l i t e  pyroc las t ics  o f  u n i t  r with K/Ar age o f  0.077 
Lanphere and others, 1975, sample no. 1); K / A r  age 0.140 5 0.089. 

BASALT OF REO HILL Flow (brh)  and cinder-bomb cone (brhp) and adjacent c inder  b lanket  (brhp) o f  porphy- 
brhP brh  

burp bur 

0.008 m.y. (see 

BASALT OF LOWER LITTLE LAKE RANCH Cinder-bomb cone ( b l r p )  and a t  l e a s t  two f lows ( b l r ) ,  o f  p o r p h y r i t i c  

vine, 2 percent 0.2-1 mn pale ye l low clinopyroxene w i t h  opaque inc lus ions up t o  0.1 mn, and 7 percent 
0.2-3 mn plagioc lase w i t h  comnon sieved cores i n  groundmass o f  granular o l i v i n e ,  opaques, clinopyroxene, 
and f e l t e d  p lag ioc lase la ths ;  xeno l i ths  o f  Mesozoic basement rocks present; o v e r l a i n  by u n i t s  bcr, 
brh, and bur, and over l ies  u n i t  oal; t o t a l  thickness 3-10 meters magnetic po1ari:y normal; K / A r  age 
o f  upper f l o w  0.399 2 0.045 m.y. and K / A r  age o f  lower f low 0.486 t 0.108 m.y. 

ves icu la r  basalt;  contains 1 percent 0.1-0.4 mn opaques (t i tanomagneti te?), less  than 1 percent o l i -  

LANDSLIDE Landsl ide debr is  o f  S ie r ra  Nevada escarpment near L i t t l e  Lake; appears t o  be o v e r l a i n  by 

BASALT OF COSO WASH A t  l e a s t  three f lows o f  porphyr i t i c ,  ves icu lar  basal t ;  contains 3 percent 0.1-1 

u n i t  oa l .  

mn o l i v i n e  w i t h  opaque inc lus ions,  1 percent 1-4 mn o l i v i n e ,  l e s s  than 1 percent 0.1-0.2 mn opaques, 
2 percent 0.2-0.5 mn brownish clinopyroxene, r a r e  cl inopyroxene up t o  2 m, and 20 percent  0.3-2 mn 
plagioc lase w i t h  opaque inc lus ions i n  a f ine-grained groundmass o f  granular  o l i v i n e ,  opaques, pyro- 
xene, and plagioclase; smaller phenocrysts comnonly intergrown i n  c lo ts ;  xeno l i ths  o f  Mesozoic base- 
ment rocks common; o v e r l a i n  by u n i t  bp; f low fo l lowed stream channel; vent area i s  probably bur ied 
by r h y o l i t e  dome a t  the upstream end o f  the flow; magnetic p o l a r i t y  normal; aa surface preserved l o c a l l y ;  
thickness ranges from 7 t o  a t  l e a s t  25 meters. 

1 percent 0.2-1.5 mn clinopyroxene, 5 percent 0.1-1 mn plagioclase, 5 percent 0.5-6 mn plagioc lase 
w i t h  sieved cores, and l e s s  than 1 percent 0.5-3 mn quartz i n  a groundmass o f  granular o l i v i n e ,  
opaques, pyroxene,and p lag ioc lase la ths ;  phenocrysts commonly i n  c lo ts ;  o v e r l i e s  u n i t  swh and i s  
o v e r l a i n  by u n i t s  bcr  and bwa; columnar j o i n t i n g  present l o c a l l y ;  thickness about 3 t o  7 meters. 

l a r  basal t ;  contains about 10 percent 0.1-4 mn o l i v i n e ,  less  than 1 percent 0.4-6 mn clinopyroxene, 
20 percent 0.2-1 mn plagioclase, and 3 percent 1-10 mn plagioc lase i n  a f ine-grained groundmass o f  
p lag ioc lase l a t h s  and granular o l i v i n e ,  clinopyroxene, and opaques; f low fo l lowed stream 
channel; about 3-5 meters ' thick; K / A r  age 1.08 2 0.06 m.y. 

* 

BASALT OF AIRPORT LAKE Porphyr i t i c  ves icu lar  basa l t  flows; conta in  about 3 percent 0.05-6 mm o l i v i n e ,  ELI 
Ibsmp)l 

1>1 
F] 

1>1 

F] 

1>1 
E l  

BASALT OF SUGARLOAF MOUNTAIN Flow (bsm) and associated c inder  deposits (bsmp) o f  porphyr i t i c ,  vesicu- 

BASALT OF NAMELESS HILL Two f lows (bn) and two cinder-bomb deposits (bnp) o f  microporphyr i t ic ,  ves i -  
% c u l a r  basal t .  

a groundmass o f  granular o l i v i n e ,  opaques, pyroxene, and plagioclase; f lows fol lowed stream 
val leys;  xeno l i ths  o f  Mesozoic basement rocks comnon; estimated thickness 3-6 meters, K / A r  age 1.07 
- + 0.12 m.y. 

SEDIMENTARY ROCKS OF THE WHITE HILLS Includes interbedded conglomerate, sandstone, s i l t s tone,  s i l t y  
claystone,and tu fa;  apparently grades l a t e r a l l y  i n t o  cobble t o  boulder fanglomerate near the south- 
west corner o f - A i r p o r t  Lake; over la in  by u n i t s  bay bwa, b l r ,  and bcr; some beds conta in  reworked, 
rounded pumice l a p i l l i  o f  u n i t  p, i n d i c a t i n g  t h a t  u n i t  swh i s  younger than the Cos0 Formation; con- 
t r a s t i n g  mammalian fauna ind ica te  t h i s  same age r e l a t i o n  (Roland von Huene, o r a l  commun., 1976). 

basalt;  contains 2-8 percent 0.1-2 mm o l iv ine ,  2-6 percent 0.2-2 mn ye l low ish  clinpyroxene, and 8-15 
percent 0.2-4 mn plagioc lase i n  a f ine-gra ined groundmass o f  p lag ioc lase and granular o l  i v ine ,  opaques, 
and pyroxenes; o l i v i n e  and/or clinopyroxene phenocrysts comnonly conta in  opaque inc lus ions up t o  0.2 
mn; phenocrysts comnonly broken o r  rounded and embayed; glomero-porphyrit ic c l o t s ,  xenol i ths o f  Meso- 
zo ic  basement rocks, and rounded quartz grains up t o  0.5 mm present l o c a l l y ;  over la in  by u n i t s  bur and 
bvp; maximum exposed thickness o f  f lows 2-4 meters; K / A r  age 2.06 2 0.34 m.y. 

Dome o r  plug o f  f low banded, p o r p h y r i t i c  r h y o l i t e ;  contains about 1 per- 
cent 0.5-2 mm quartz, 1 percent 0.3-1 mn plagioclase, ra re  1 mm sanidine, and r a r e  0.2-0.5 nun brown b io -  
t i t e  i n  a mat r ix  of gray d e v i t r i f i e d  rock o r  green hydrated, p e r l i t i c  glass; bounded by normal f a u l t  on 
east; exposed thickness about 50 meters. 

few meters th ick ;  contains about 1 percent o r  less  o f  51 mm o l iv ine ;  o v e r l i e s  Cos0 Formation, u n i t  c ,  
j u s t  nor th  o f  map area (see Ha l l  and MacKevett, 1962). 

BASALT OF SILVER MOUNTAIN Two c inder  deposits (blmp) and several ves icu lar ,  p o r p h y r i t i c  lava f lows 
(blm) averaging a few meters th ick ;  contains 0.5-1.0 percent 0.5-2.0 mm o l i v ine .and 0.5-1.0 percent 
0.5-2.0 mn plagioclase, w i t h  r a r e  c rys ta ls  o f  each as la rge  as 5 mm i n  an in te rgranu lar  groundmass 
o f  clinopyroxene, olivine,and plagioclase; contemporaneous w i t h  u n i t  acf; maximum thickness about 
30 meters. 

In te r layered cinders and f lows (acfp)  and f lows (ac f )  averaging 10 o r  more 
meters t h i c k  o f  p o r p h y r i t i c  andesite; contains about 5 percent 1-4 mm plagioclase, 1 percent 0.5- 
2 mn p leochro ic  orthopyroxene, 1 percent 0.3-0.5 mm c1inopyroxene.and less  than 1 percent 0.3-0.5 
mn o l i v i n e ,  i n  an in te rgranu lar  groundmass o f  pyroxene and plagioclase; erupted from lava-cinder 
sh ie ld  a t  nor th  end o f  Cactus F la t ;  over l ies  Cos0 Formation ( u n i t  c )  and i s  contemporaneous w i t h  
u n i t  blm. 

bnp bn Contains 2 percent 0.3 mn and smaller o l i v i n e  and 7 percent 0.2-2 mm plagioc lase i n  

BASALT OF ROSE VALLEY Four cinder-bomb cones (brvp) and three f lows (b rv )  o f  porphyr i t i c ,  ves icu la r  
brvp brv  

RHYOLITE SOUTH OF HAIWEE SPRING 

BASALT OF UPPER CENTENNIAL FLAT Two c inder  deposi ts- (bcfp)  and several basa l t  f lows ( b c f )  averaging a 
bcfp b c f  

b l  mp b l  m 

ANDESITE OF CACTUS FLAT 

brcp brc m BASALT OF RENEGAOE CANYON F ive c inder  cones (brcp,-,), three eroded c inder  deposits (Brcp6-8),and 
associated lava f lows (brc, brc1-,+,8) averaging a few meters th ick ;  f lows near some cones can be 
t raced ' to  source vents on bases o f  morphology and phenocryst assemblages; phenocrysts inc lude 
3-10 percent 0.5-3.0 mn plagioclase, 1-5 percent 0.1-2.0 mn o l i v i n e  and 1-4 percent 0.2-1.5 mn 
clinopyroxene; subunits brcl, brc3. and l o c a l l y  brc  conta in  1 percent 1-3 mn rounded gra ins o f  quartz; 
p a r t  o f  subuni t .brc8 contains on ly  p lag ioc lase and o l i v i n e  phenocrysts; maximum exposed thickness 
about 170 meters; over l ies  u n i t s  od, omf, tsv, and p. 

ANDESITE NORTHWEST OF PETROGLYPH CANYON Flow (anp) and associated pyroc las t ic  deposi t  (anpp) o f  por- 
anpp anp p h y r i t i c  b a s a l t i c  andesite; near vent area contains about 2 percent 0.1-0.6 mn o l i v i n e ,  2 percent 0.3- 

0.8 mn clinopyroxene, 10 percent 0.2-4.0 mn plagioclase, and r a r e  1-1.5 mn rounded quar tz  i n  a f i n e -  
grained mat r ix  o f  clinopyroxene, opaques,and plagioclase; thickness ranges from about 5-30 meters; 
phenocryst content and thickness decrease away from vent area; o v e r l i e s  u n i t s  c, p. bpc, and omf; 
magnetic p o l a r i t y  normal. 

OACITE OF HAIWEE RIDGE Flows o f  p o r p h y r i t i c  dacite; contains r a r e  0.02 mn zircon, r a r e  0.1 mn apat i te ,  
r a r e  0.1-0.7 mn orthopyroxene w i t h  amphibole r ims on l a r g e r  c rys ta ls ,  r a r e  0.1 mn clinopyroxene(?), 1 
percent 1-2 mn quartz, 1 percent 0.05-0.2 mn opaques, 3 percent 0.2-1.5 mn brown b i o t i t e  w i t h  opaque 
and fe ldspar  inc lus ions,  3 percent 0.2-1.7 mn greenish brown amphibole w i t h  opaque, feldspar,and b io-  
t i t e  inclusions, and 15 percent 0.1-6.0 mn p lag ioc lase w i t h  inc lus ions  o f  most o ther  phenocryst phases 
i n  a glassy groundmass now l a r g e l y  composed o f  fe ldspar  and other  mic ro l i tes ;  o v e r l i e s  un i t  c; h i g h l y  
f low banded; columnar j o i n t i n g  developed where ponded; average thickness about 25 meters; ponded t o  a t  
l e a s t  200 meters south o f  Haiwee Reservoir; Evernden and others (1964) r e p o r t  K / A r  age o f  2.1 m.y. 
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ANALYTICAL DATA AND CALCULATED 

POTASSIUM-ARGON AGES FOR VOLCANIC 
ROCKS OF THE COSO VOLCANIC FIELD" 

B Y  G. BRENT DALRYMPLE 

Argon 

UNDIFFERENTIATED BASEMENT ROCKS (Mesozoic) P r inc ipa l l y  g r a n i t i c  i n t r u s i v e  rocks o f  Mesozoic age; com- 
pos i t ions  range from gran i te  t o  quartz d i o r i t e  t o  quartz-free d i o r i t e  o r  gabbro; tex tu res  range from 
medium-to coarse-grained t o  po rphy r i t i c  w i t h  K-feldspar c rys ta l s  up t o  1.5 cm; mafic inc lus ions  c o m n ,  
espec ia l l y  i n  south p a r t  o f  map area; metamorphic pendants as much as 0.5 km long present i n  east and 
northeast p a r t  of map area; general ly northwest trending, Mesozoic(?) dikes o f  s i l i c i c  and intermediate 
t o  mafic composition abundant l o c a l l y .  

EXPLANATION OF SYMBOLS - -/,. _.... Contact, dashed where uncertain and dotted where concealed. 

Location 
40 Map Sample Mater ia l  K20t Weight 40Arrad 100 Arrad Calculated Age* 

u n i t  number w t .  % ( g m  1 (lO-l%ol/gm) 40Artotal ( l o 6  years) 7p , Fault,  dashed where uncertain and dotted where concealed o r  in fe r red ;  bar and b a l l  on down-thrown side. 
Dip o f . f a u l t  plane shown where known. 
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bur 

bp 

b l  r 

b l  r 

bn 

bsm 

brv  

C 

P 

P 

od 

bCP 

omf 

omf 

omf 

bPC 

bpc 

omf 

756301 

756314 

756305 

756306 

756308 

756309 

756304 

9-85-2 

9-8-1 1 

13-1 13-6 

756315 

8-193-2 

13-1 13-1 5 

8-195-2 

8-199-6 

13-11 3-17 

13-11 1-1 

8-196-2 

basa l t  1.356 t 0.004(4) 

basa l t  1.525 2 0.007(4) 

basa l t  1.789 O.OlO(4) 

basa l t  1.610 2 0 003(4) 

basa l t  1.312 2 0.004(4) 

basa l t  1.530 2 0.009(4) 

basa l t  1.738 2 0.005(4) 

sanidi  ne 12.315(2) 

b i o t i t e  6.475(2) 
plagioclase 0.458(2) 

plagioclase 0.518(2) 

b i o t i t e  8.24(2) 
plagioclase 0.696( 2) 

basa l t  .1.786 5 0.004(4) 

basa l t  1.042 2 0.005(4) 

basa l t  1.713 2 0.007(4) 

basa l t  0.857 5 0.004(4) 

basa l t  0.726 f 0.002(4) 

basa l t  0.708 +' 0.004(4) 

basa l t  1.318 5 0.012(4) 

18.325 
20.134 

15.169 
25.247 

19.561 

18.995. 

20.230 
21 .858 

29.248 
29.693 

14.052 
14.912 

3.835 

1.151 
5.863 

6.108 

1.813 
7.848 

21.163 
19.000 

16.000 
16.000 

20.110 
19.990 

20.458 
15.225 

19.530 
17.627 

18.711 

19.991 
19.688 

0.222 
0.312 

0.529 
0.505 

1.029 

1.126 

1.638 
2.118 

2.317 
2.395 

6.29 
4.84 

54.88 

22.975 
2.004 

2.203 

40.58 
2.210 

9.218 
9.312 

4.686 
4.569 

8.700 
8.794 

4.188 
5.202 

3.076 
3.169 

3.572 

6.941 
6.925 

1 .o. 
1.6 

7.7 
7.6 

8.6 

5.0 

3.8 
9.9 

11.4 
21.2 

4.1 
5,.6 

66.2 

2.4 
16.0 

24.4 

43.1 
3.1 

28.0 
47.1 

6.7 
7.9 

25.5 
42.3 

15.8 
8.2 

16.3 
16.4 

20.7 

37.1 
33.7 

0.140 2 0.089 

0.234 5 0.022 

0.399 t 0.045 

0.486 2 0.108 

1.07 5 0.12 

1.08 t .0.06 

2.06 2 0 . 3 4  

3.99 5 0.09 

2.46 5 0.98 
3.03 2 0 . 2 0  

2.95 2 0.13 

3.42 + 0.10 
2.20 z 0 . 7 0  

3.60 t 0.08 

3.10 0.22 

3.54 20.08 

3.67 T0.16  

2.98 t O . 1 2  

3.50 & 0.19 

3.66 LO.08 

t Errors are calculated standard deviat ions. 

AB = 4.963 x 10-l' yr-l, XE = 0.572 x 10-l' yr- ' ,  A; = 8.78 x 
Errors are estimated standard dev ia t ion  o f  precis ion.  

Potassium measured by l i t h i u m  metaborate fusion and flame photometry. 
mass spectrometry. 

Number o f  analyses i n  parentheses. 

yr-', 40K/K = 1.167 x mol/ml. 

tt Argon measured by isotope d i l u t i o n  

1>1 omfp omf 

odp od [>I 

YOUNGER OACITE EAST OF COSO VALLEY Small c inder deposi t  (dyp) and t h i c k  f l o w  (dy) o f  f low banded daci te;  
contains l ess  than 1 percent 1.2-2 mn quartz, 10 percent 0.6-6 mn plagioclase, l ess  than 1 percent 0.1- 
0.6 mn brown amphibole, now mostly replaced by i r o n  oxide, less  than 1 percent 0.3-1.5 mn orthopyroxene, 
ra re  0.5-0.7 mn clinopyroxene,and ra re  0,3 mn b i o t i t e  i n  a groundmass o f  opaque, pyroxene, and feldspar 
m ic ro l i t es  i n  d e v i t r i f i e d  glass; ove r l i es  un i t s  bpc, omf, c, and do; thickness 10 t o  a t  l eas t  60 meters. 

OLDER OACITE EAST OF COSO VALLEY Cinder deposi t  (dop) and t h i c k  f low (do) o f  p la t y ,  f low banded dacite; 
contains 1 percent 0.6-1 mn quartz, 3 percent 0.6-3 mn plagioclase, less  than 1 percent 0.3-1 mn brown 
amphibole, now mostly replaced by i r o n  oxide, less than 1 percent 0.3-1.2 mn ragged brown b i o t i t e ,  
less  than 1 percent 0.2-0.8 mn clinpyroxene, comnonly i n  c lo t s ,  and 1 percent 0.2-5.0 mn orthopyroxene, 
comnonly w i t h  cores o f  up t o  1 mn f o r s t e r i t i c  o l i v i n e  i n  a groundmass o f  opaques, pyroxene, and fe ld -  
spar m ic ro l i t es  i n  d e v i t r i f i e d  glass; over l ies  un i t s  bcp and c and i s  o v e r l a i n  by u n i t  dy; magnetic 
p o l a r i t y  normal; thickness 5 t o  a t  l eas t  50 meters. 

l a r  ash and l a p i l l i ,  w i t h  beds f r o m  a few t o  several centimeters th ick ,  l o c a l l y  disturbed by volcanic 
bomb sags 0.3-1.0 meter i n  diameter; maximum exposed thickness about 6 meters; o v e r l a i n  by u n i t  brc. 

stone and s i l t s tone ,  tuffaceous lacus t r i ne  beds, and s i l i c i c  t u f f ;  fanglomerate, coarse-grained 
arkose,and t u f f  are predominant on the high slopes of Haiwee Ridge and in te r f i nge r  w i t h  f i n e r  grained 
rocks and lacus t r i ne  beds t o  the no r th  and west; nor th  and east o f  Upper Cactus F l a t  and Cos0 Hot 
Springs, fanglomerate and in te r layered hornblende-biot i te pumice (p) predominate; ove r l i es  u n i t s  b, 
od,.bcp, bpc. and omf and i s  over la in  by un i t s  acf ,  dh, bcf, do, dy, anp, and brc; K/Ar  age o f  rhyo- 
l i t i c  t u f f  i n  c i s  3.09 t 0.09 my.; K/Ar  ages o f  p are 3.03 5 0.20 m.y., 2.46 5 0.98 and 2.95 T 
0.13 my. ;  Evernden and others (1964) repor t  a K/Ar  age o f  2.3 m.y. f o r  s i l i c i c  t u f f  i n  c, i n c o m i s -  
t e n t  w i t h  resu l t s  o f  present study. 

OTHER MAFIC LAVAS Flows from 2 t o  20 meters th i ck  (omf) and eroded cones (omfp) o f  po rphy r i t i c  vesi-  
cu la r  basa l t  t o  basa l t i c  andesite; phenocrysts include up t o  7 percent 0.1-2 mn o l i v i n e ,  5 percent 
0.2-1 mn greenish sector-zoned clinopyroxene, and 25 percent 0.2-3 mn osci l latory-zoned plagioclase 
i n  a f i n e  grained groundmass o f  p lagioclase laths, granular o l i v i ne ,  an opaque mineral,  and c l i no -  
pyroxene; glomeroporphyrit ic tex tu re  c m n ;  some flows contain 1 mn amphibole almost e n t i r e l y  re -  
placed by opaque oxides; others contain plagioclase as la rge  as 5 mn w i t h  sieved cores and d e a r  
rims, r a r e  a l k a l i  fe ldspar as la rge  as 3 mn, and rounded grains o f  quartz as l a rge  as 5 mn armored 
by a r i n d  o f  clear, brown glass i n  tu rn  r i m e d  w i th  clinopyroxene; t o t a l  phenocryst content general ly 
less  than 20 percent; some cinder deposits are i n  pa r t  dac i t i c ;  basa l t  dikes cu t  c inder  cones l oca l l y ;  
some f lows west o f  S i l v e r  Peak s u p e r f i c i a l l y  s im i l a r  t o  those o f  u n i t  bpc; ove r l i es  u n i t  b, i n t e r -  
, f ingers w i t h  u n i t s  bpc and od, and i s  over la in  by un i t s  bcp, c, p, brc, brcq, bp, and oal ;  includes 
both normal and reversed magnetic po la r i t i es ;  K/Ar  ages range from 3.10 

OTHER DACITE Cinder deposits (odp) and f lows and shallow i n t r u s i v e  bodies (od) predominantly o f  por- 
p h y r i t i c  b i o t i t e  and/or hornblende daeite; includes minor po rphy r i t i c  o l i v i n e  o r  orthopyroxene ande- 
s i t i c  f lows near Volcano Butte; odp comnonly includes mafic cinders admixed w i t h  d a c i t i c  cinders; 
dac i te  f lows contain up t o  30 percent 0.1-8 mn osci l latory-zoned plagioclase and various combinations 
o f  as much as 2 percent 0.8-4 mn rounded and embayed quartz, 5 percent 0.2-1.5 mn orthopyroxene, 3 
percent 0.2-0.8 mn clinopyroxene, 15 percent 0.1-2.5 mn general ly oxidized brown amphibole, 7 per- 
cent 0.1-1.5 mn brown b i o t i t e ,  1 percent 0.2-0.5 mn opaque mineral,  accessory 0.1-0.8 inn sphene and 
0.1-0.2 mn z i rcon  i n  a very f ine-grained t o  glassy groundmass; as much as 1 percent 0.1-0.8 mn o l i v i n e  
present l oca l l y ;  rounded inc lus ions  o f  andesite, basa l t i c  andesite,and basa l t  a few m i l l i m e t e r s  t o  
several meters i n  s ize  account f o r  as much as 30 percent o f  many outcrops; i n  such mixed rocks, co- 
existence o f  d a c i t i c  and more mafic l i q u i d s  i s  indicated by i n t e r f i n g e r i n g  and p a r t i a l  mixing on scale 
o f  a few mi l l imeters;  thickness ranges from roughly 20 meters t o  a t  l e a s t  300 meters; i n te r f i nge rs  
w i th  un i t s  omf and bpc; ove r la in  by u n i t s  c, p. brc, tsv, bp, and oal; K /Ar  ages 3.42 5 0.10 and 2.20 
- + 0.70 m.y. 

BASALT OF COSO PEAK Cinder deposits (bcpp) and a few flows (bcp) o f  po rphy r i t i c  basal t ;  contains 0-5 
percent 0.2-3 mn o l i v i n e  w i t h  spinel  inc lus ions  and 1-3 percent 0.2-2 mn greenish sector-zoned c l i n o -  
pyroxene i n  a groundmass o f  granular opaques, o l i v ine .  clinopyroxene, and plagioclase la ths ;  pheno- 
c rys ts  conmonly occur i n  c lo ts ;  l o c a l l y  contains g r a n i t i c  xeno l i ths  and quartz grains; a t  l e a s t  10 
meters th ick;  ove r l i es  u n i t s  b and omf; over la in  by u n i t  p; magnetic p o l a r i t y  reversed; K / A r  age 3.60 
- + 0.08 m.y. 

TUFF SOUTHWEST OF VOLCANO BUTTE Basa l t i c  t o  andesi t ic  py roc las t i c  deposit;  we l l  s t r a t i f i e d  vesicu- 

COSO FORMATION Includes fanglomerate o f  Mesozoic basement rocks, arkosic sandstone, tuffaceous sand- 

0.22 m.y. t o  3.66 0.08 m.y. 

BASALT OF UPPER PETROGLYPH CANYON Cinder deposits (bpcp) and t h i n  f lows (bpc) of ves icu la r  basal t ;  con- 
ta ins  3-5 percent 0.2-3 mn o l i v i n e  w i t h  opaque inclusions and 5-10 percent 0.5-6mn osci l latory-zoned 
plagioclase i n  a coarse grained o p h i t i c  groundmass o f  bladed opaques, granular o l i v i n e ,  p o i k i l i t i c  
brownish clinopyroxene, and plagioc'lase la ths ;  t y p i c a l l y  displays ves ic le  cy l inders  and sheets, g lo-  
meroporphyrit ic c lo ts ,  p l a t y  j o i n t i n g  near tops o f  flows, columnar j o i n t i n g  i n  f low i n t e r i o r s ,  and 
well-developed d i k t y t a x i t i c  texture; thickness 3 t o  a t  l eas t  60 meters; ove r l i es  u n i t  b, i n t e r f i n g e r s  
w i t h  u n i t s  omf and od, and i s  over la in  by un i t s  oal, c, p, anp, do, and dy; K/Ar  ages 2.98 5 0.12 and 
3.50 t 0.19 m.y. 

- 
' \  Topographic c res t  o f  r i n g  o f  py roc las t i c  debr is t h a t  p a r t l y  surrounds some r h y o l i t e  domes. 
i 

-' 

-- \I Vents o f  mafic t o  intermediate lavas, represented by wel l  preserved cinder cones, o r  eroded pyroc las t ic  
deposits. Dotted where concealed. I ... 

: .. . .  

' y  S t r i k e  and d i p  o f  s t r a t i f i e d  rocks, inc lud ing  maf ic lava f lows i n  east p a r t  o f  map area. 

\ A t t i t u d e  o f  steep f low f o l i a t i o n  i n  u n i t  dh. 

\ Steeply dipping dike, i n  u n i t s  omf and b only. 

/.'YO' .on7 K / A r  age i n  m i l l i o n s  o f  years, w i t h  arrow t o  sample l o c a l i t y .  

D i rec t i on  o f  downslope ground sl.ippage i n  landsl ide.  

Note: I n  add i t ion  t o  being broken by the mapped fau l t s ,  the Mesozoic basement rocks (b) t h a t  under l ie  
t h a t  pa r t  o f  the f i e l d  of r h y o l i t e  domes (r) south o f  Cactus Peak are shattered t o  pieces gener- 
a l l y  less  than one meter i n  diameter and are l o c a l l y  hydrothermally al tered, espec ia l l y  imnediate- 
l y  west o f  Cos0 Basin and south and west o f  Cos0 Hot Springs. 
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