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OPEN FILE REPORT: 
GEOSCIENCE STUDIES I N  BUENA V ISTA VALLEY, NEVADA 

INTRODUCTION 

As p a r t  o f  t h e  sfudy o f  a p p l i c a t i o n s  o f  geoscience techniques t o  the  

assessment o f  p o t e n t i a l  geothermal resource areas, the  Lawrence Berkeley 

Laboratory  and the  U n i v e r s i t y  o f  Cal i f o r n i a ,  Berkeley have conducted geologi  - 

ca l ,  geophysical ,  and geochemical surveys i n  Buena V i s t a  Val ley,  no r th -cen t ra l  

Nevada. 

l i m i n a r y  i n t e r p r e t a t i o n  o f  the  data.  The bases f o r  the geophysical techniques 

ernployed were discussed i n  an e a r l i e r  r e p o r t  on t h e  Grass Va l l ey  area (Beyer, 

e t  a l . ,  1976), and are  n o t  repor ted  here. 

covered i n  d e t a i l  i n  t o p i c a l  repor ts ,  s c i e n t i f i c  papers and research theses 

i n  p repara t ion .  Geochemical data acqui red i n  ou r  no r the rn  Nevada s tud ies  a re  

being sumnarized and w i l l  be evaluated i n  a subsequent r e p o r t  (Bowman, e t  a1 . , 
i n  prepara t ion) ,  bu t  a b r i e f  summary o f  geochemical analyses o f  samples from 

the Buena V i s t a  Va l l ey  area i s  presented here. Resul ts  o f  heat  f low measure- 

ments i n  the  Kyle Hot Springs area are  descr ibed i n  some d e t a i l  by Sass, e t  a l .  

(1976); heat f l o w  r e s u l t s  a re  o n l y  b r i e f l y  summarized i n  t h i s  r e p o r t .  

I n  t h i s  r e p o r t  we present  r e s u l t s  o f  these surveys and o f f e r  a pre-  

However, t h i s  i n fo rma t ion  w i l l  be 

Kyle Hot Spr ings a re  l oca ted  i n  Pershing County, 65 km south-southwest 

o f  Winnemucca, and 55 km east -nor theast  o f  Lovelock, the  county seat .  The 

area s tud ied  i s  on the  eastern s i d e  o f  Buena V i s t a  Va l l ey  w i t h i n  the  Kyle Hot 

Spr ings Quadrangle, as shown i n  F igure  1. 
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GEOLOGIC SETTING 

A geologic map of the Kyle Hot Springs Quadrangle (Figure 2 )  was com- 

piled from observations by LBL personnel , reconnaissance mapping by Mu1 l e r ,  

e t  a l .  (1951), and air-photo in te rpre ta t ion  by Noble (1974). 

the accompanying idealized geologic cross-section ( Z - Z ' ) .  

(1958) provided l i tho logic  descr ipt ions of  the rock units. 

Figure 3 i s  

Roberts, e t  a1 . 

Pre-Tertiary basement rocks, exposed i n  the East Range t o  the e a s t  o f  

the study area,  consis t  o f  Paleozoic eugeosynclinal and Mesozoic miogeosyn- 

c l ina l  rocks. The Harmony Formation, o f  Cambrian age, i s  the oldest  exposed 

u n i t  i n  the area and crops out  i n  a small area on the north s ide  o f  Hot Springs 

Canyon. I t cons is t s  o f  f e l d s p a t h i c  sandstone, arkose and g r i t  w i t h  some c h e r t .  

Most o f  the East Range i n  the Kyle Hot Springs Quadrangle i s  underlain by the 

Ordovician Valmy Formation. 

greenstone and a pure vitreous qua r t z i t e ,  w h i c h  caps some of the minor ridges 

i n  the northern par t  of the quadrangle. 

graywacke and conglomerate o f  Mississippian age, occurs i n  the upper  par t  of  

Hot Spri ngs Canyon. 

over a c rys t a l l i ne  limestone u n i t  of  probable Tr iass ic  age, exposed f o r  about 

5 km along the range f ron t  south o f  Hot Springs Canyon. 

The Valmy consis ts  of phy l l i t i c  a r g i l l i t e ,  

The Inskip Formation, primarily 

These Paleozoic eugeosyncl i nal rocks have been thrust 

T h e  East Range i s  capped by vesicular  basal t  o f  Tert iary age, which 

d i p s  gently eastward and covers the e a s t  f lank o f  the range i n  the adjacent 

M t .  Tobin Quadrangle. Granite Mountain, which projects  westward in to  Buena 

Vista Valley i n  the southern p a r t  o f  the quadrangle, i s  composed of two 

masses o f  gran i t i c  rocks; the northern u n i t  i s  a quartz monzonite of Tert iary 

age (Silberman and McKee, 1971), and the southern u n i t  i s  a granodiorite o f  

Permo-Triassic age. 
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T e r t i a r y  sedimentary rocks crop o u t  i n  o n l y  one smal l  area, o f  about 

1 km2, along the  range f r o n t  n o r t h  of Gran i te  Mountain. 

these sedimentary rocks and poss ib le  associated vo l can ic  rocks u n d e r l i e  the  

Quaternary a l l uv ium o f  t h e  v a l l e y  f l o o r .  The th ickness o f  a l l uv ium increases 

va l leyward from the  East Range, reaching 2 t o  2-1/2 km i n  the  c e n t r a l  p a r t  o f  

Buena V i s t a  Va l ley  (Erwin, 1974). 

contour  the  v a l l e y  a few k i lometers  west o f  Ky le Hot Spr ings. 

ho t  spr ings  a r e  p resen t l y  depos i t i ng  predominant ly CaC03, a l though opa l ized  

s i n t e r  i s  abundant i n  o l d e r  deposi ts  and predominates a t  t h e  i n a c t i v e  " f o s s i l "  

ho t  spr ings  area a few k i lometers  south o f  the  a c t i v e  spr ings .  

We assume t h a t  

P le is tocene s h o r e l i n e s . o f  Lake Lahontan 

The a c t i v e  

Both the  a c t i v e  and i n a c t i v e  ho t  spr ings  occur i n  an area o f  numerous 

i n t e r s e c t i n g  f a u l t s .  

i n d i c a t e  t h a t  Ky le Hot Spr ings a re  l o c a l i z e d  by in tense f a u l t i n g  and f a u l t  

i n te rsec t i ons ;  these a re  i nd i ca ted  on t h e  geologic map, F igure  2. 

minent system o f  no rma l - fau l t  scarps f o l l o w s  the  western f r o n t  o f  t h e  

East Range, northward from Gran i te  Mountain, passing eas t  o f  Ky le Hot 

Spr ings. 

mouth of Klondike Canyon, thence southwestward t o  pass through the  a c t i v e  

ho t  spr ings.  

i n a c t i v e ,  sp r ing  area. 

a r e  s i t u a t e d  w i t h i n  a b e l t  about 2 km long  by 1 km wide which conta ins  an 

unusua l ly  l a r g e  number o f  f a u l t s  and f a u l t  i n t e r s e c t i o n s .  

zone o f  i n t e r s e c t i n g  f a u l t s  i sapparent  i n  a l l u v i u m  a t  t he  western end and 

nor thwestern edge o f  Gran i te  Mountain. However, f r a c t u r i n g  here does no t  

appear as in tense as a t  Kyle Hot Spr ings. 

A i r  photo and o n - s i t e  observat ions by Noble (1974) 

A pro-  

Another prominent f a u l t  system t rends  southward from near the  

This  system cont inues southwestward through the  o ld ,  now 

The a c t i v e  and i n a c t i v e  sp r ing  areas a t  Kyle, then, 

Another in tense 
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GEOCHEMISTRY 

A compi la t ion  o f  geochemical data onrocks  and waters o f  t he  Buena 

V is ta  V a l l e y  area i s  i n  progress (Bowman, e t  a l . ,  i n  p repara t ion) .  

element abundances i n  water from Kyle Hot Springs have been analyzed by 

Mariner,  e t  a l .  (1974). 

sp r ing  water temperature reaches 77°C. 

sp r ing  system a re  est imated t o  be w i t h i n  the  range 170 t o  190°C, based on 

s i  1 i c a  and a1 ka l  i - e l  ement geothermometers . 

Major 

Surface s p r i n g  f l o w  was measured a t  20 1 m in - l ;  

Temperatures a t  depth w i t h i n  the  

A f i l t e r e d  water sample f rom Kyle Hot Springs was analyzed f o r  some 

t r a c e  elements by the  neutron a c t i v a t i o n  method (Bowman, e t  a l . ,  1975). 

Resul ts  a re  l i s t e d  i n  Table I ,  toge ther  w i t h  t r a c e  element abundances i n  

water f rom a c o l d  sp r ing  i n  Hot Spr ing Canyon o f  t he  East Range. 

Table I 

Kyle Hot Spr ing 

Cold Spr ing 

( *  i n d i c a t e s  bel  ow t h e  d e c t e c t i  b i  1 i ty  1 i m i  t . ) 

Comparison i n d i c a t e s  t h a t  t he  ho t  sp r ing  water i s  n e a r l y  an order  o f  magni- 

tude h igher  than t h e  c o l d  sp r ing  i n  Ba, Na, and C1, and the  ho t  sp r ing  

conta ins  apprec iab le  tungsten and antimony. 

water conta ins  apprec iab le  uranium and molybdenum. 

Conversely, t he  c o l d  spr ing  

As w i t h  o t h e r  h o t  spr ings  where CaC03 i s  the  predominant deposi t ,  

Ky le Hot Spr ings a r e  r e l a t i v e l y  h igh  i n  r a d i o a c t i v i t y ,  compared w i t h  spr ings 

where Si02 i s  being deposi ted (Wollenberg, 1974). The Radon-222 conten t  o f  

a sample o f  t h e  ho t  sp r ing  waters, c o l l e c t e d  i n  1974 was 587 p C i l - ' .  

F i e l d  measurements over t h e  sur face  away f rom the  ho t  pools  a t  Kyle i nd i ca ted  
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Calcareous Muck From Spring Walls 

c 

Th Equivalent 
( PPm 1 U K Ra * 

( p p b )  (%)  (pciq-’: 

11.6 76.3 0.16 27 

y-ray exposure-rate background values of 12.5 to  25 yRhr- ’, while readings 

over the pools ranged from 250 t o  500 yRhr-’. 

deposited on the walls of the hot s p r i n g  i s  a lso re la t ive ly  h i g h  in radio- 

element content, compared t o  older t raver t ine  away from the s p r i n g ,  as shown 

i n  Table 11. 

Material presently being 

Travertine Away From Active Spring 

Table I 1  
Radioelement Content of S p r i n g  Deposit Materials 

0.2 4.1 0.09 1 .5  

GEOPHYSICS 

Geophysical surveys conducted in 

magnetic, sel  f-potential  , e l e c t r i c - f i e  

Buena Vista Valley include 

d-ratio t e l l u r i c ,  dipole-d 

gravity , 

pol e 

r e s i s t i v i t y ,  and microearthquake surveys, as well as heat flow measurements. 

For a l l  b u t  the seismic and heat flow work, the geophysical data were col- 

lected along the eleven survey l ines  shown i n  Figure 4.  W i t h  the exception 

o f  Line A - A ’ ,  the l ines  trend normal t o  the s t r i k e  of the range-front f a u l t  

system, and several of the  l ines  were extended into the East Range, following 

access routes provided by canyons. 

I n  t h i s  section we discuss the r e su l t s  of the geophysical surveys, 

presenting the d a t a  i n  contour form where possible. 

composites fo r  a l l  l ines  are  given in Appendix A. 

Geophysical data prof i le  
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Gravity Survey 

Gravity data were obtained w i t h  a Lacoste-Romberg gravimeter a 204 

s t a t ions ,  covering approximately 100 square-kilometers i n  Buena Vista Val ley. 

Traverse 1 i nes were extended in to  the East Range w i t h i n  K1 ondi ke-Sul fur 

Canyons and French Boy Canyon. 

was maintained along traverse l ines .  

In general, a s ta t ion  interval of  500 meters 

Station elevations were estimated from topographic maps t o  an accuracy 

of f_ 2 f ee t  i n  the valley and 5 10 f ee t  on the al luvial  fans. 

accuracy of - + 5 f e e t  was estimated a t  bedrock s ta t ions  with known elevations.  

The complete Bouguer anomaly, corrected fo r  topography, was calculated 

Elevation 

3 using a Bouguer density of 2.67 g/cm . The contoured data are  shown i n  

Figure 5 ( s ta t ions  shown as dots )  and prof i le  data a re  shown i n  the compo- 

s i t e s  of Appendix A .  

t o  be t te r  t h a n  - + 0.6 mGal. 

The principal feature  o f  the  Bouguer anomaly map i s  the general 

decrease i n  gravity westward in to  Buena Vista Valley. This i s  interpreted 

as due t o  the progressive thickening of the Tertiary sediments f i l l i n g  

the Basin and Range valley. The -35 mGal 

I t  i s  estimated t h a t  nearly a l l  the values are  accurate 

difference between the g r a v i t y  

m i n i m u m  i n  Sec. 32, T.29N. R.36E. and the gravity values a t  outcropping Paleo- 

zoic sediments of the East Range suggests a valley f i l l  thickness of 2.0 t o  

2.8 kilometers, assuming an  average density contrast  of 0.4 t o  0.3 g/cm . 3 

This estimate agrees closely w i t h  t h a t  given by Erwin (1974) who interpreted 

a regional gravity survey. However, both estimates could be in e r ror  i f  the 

Val 1 ey f i 11 contai ns compacted and denser 1 ayers . 
Two kilometers north of McClure Canyon, the g r a v i t y  contours near the 

East Range abruptly change direct ion from northeast- to  northwest-trending. 

T h i s  change closely matches a direct ional  change of the East Range/alluvium 

contact.  
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The gravity contours near the present Kyle Hot Springs show a "nosing" 

e f f ec t  of 2 mGal 

a l tered rock and s p r i n g  deposits.  

contours occurs one t o  two km southwest of Kyle Hot S p r i n g s ,  i n  the v ic in i ty  

of an inactive hot s p r i n g .  

convexity i n  Prof i le  C - C '  ( F i g .  A3), may be due t o  a larger  and  deeper 

volume of s i l i c i f i e d  rock, and some modelling work i s  needed t o  obtain a 

be t te r  geological explanation f o r  the anomaly. I t  i s  interest ing t h a t  the 

anomaly occurs n o t  only i n  an area o f  numerous intersect ing f a u l t s ,  b u t  i s  

( a )  coincident w i t h  a local increase i n  E-field-ratio (Figures A 2  and  A 3 )  

and ( b )  occurs on the edge of a 150 gamma magnetic h i g h .  

e l ec t r i ca l  and magnetic anomalies and the observed faul t ing a re  presumed 

t o  have a causal re la t ionship to  the near-surface heat source. 

which may be due t o  a small, shallow zone of hydrothermally 

A broader and more subt le  bulge i n  the g r a v i t y  

T h i s  gravity e f f ec t ,  which appears a s  5 mGal 

The gravity,  

Near the center of the East Range, g r a v i t y  values on l ines  D-D' and 

G - G I  a b r u p t l y  become more negative. This reversal i s  presumed to  be 

due to  a r ea l ,  shallow structural  feature .  

Magnetic Survey 

A Geometrics Model 6816 proton p-ecessionmagnetometer w i t h  a 1 gamma 

accuracy was used for  a ground magnetic survey which covered an area of 

approximately 65 square-kilometers i n  the Buena Vista Valley and the adjacent 

western edge of the East Range. Readings were taken a t  500-meter in te rva ls  

along most l ines  i n  the val ley,  b u t  the s t a t ion  separations were reduced t o  

200 o r  125 meters where the l ines  crossed areas o f  steeper magnetic r e l i e f  

i n  the East Range. 

shown i n  Figure 6 ,  and prof i le  data a re  shown i n  Appendix A. 

interval of 100 gamas is  used f o r  the  valley portion of the survey area,  

and a contour interval  o f  200 gamnas is used i n  areas o f  steep magnetic 

A contour map based on 65 line-kilometers o f  readings i s  

A contour 
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r e l i e f .  

accuracy o f  i n d i v i d u a l  readings i s  assumed t o  be b e t t e r  than 10 gammas, 

A base s t a t i o n  c o r r e c t i o n  was app l i ed  t o  a l l  readings, and t h e  r e l a t i v e  

Ky le Hot Spr ings occurs i n  an elongate,  no r the r l y - t rend ing  magnetic 

low w i t h  g e n t l e  magnetic r e l i e f .  

spr ing ,  which F igure  A2 shows i s  centered i n  t h e  magnetic low. 

meters southwest o f  Ky le Hot Spr ing,  

h igh  o f  some 150 gamas was crossed by l i n e s  A-A' and B-B' .  

a l s o  appears as a weak aeromagnetic anomaly i n  t h e  U. S. Geological  Survey 

Open F i l e  Aeromagnetic Map, U n i o n v i l l e  Region, Pershing County, Nevada (1968). 

The magnetic h igh  may be due t o  a h o r s t  o f  basement rock,  interbedded T e r t i a r y  

vo lcanics,  o r  a concealed i n t r u s i v e .  According t o  a s i m p l e  h a l f - w i d t h  e s t i -  

mate the  

L i n e  B-B' passed d i r e c t l y  over  the  ho t  

Three k i l o -  

i n  Sec. 10, T.29N., R.%E., a magnetic 

This  fea tu re  

source depth i s  one k i l omete r .  

A t  t he  eas tern  margin o f  t h e  survey area, over a reg ion  o f  Valmy Forma- 

t i o n  i n  the  East Range, the  magnetic f i e l d  becomes ext remely e r r a t i c ,  

e x h i b i t i n g  numerous high-frequency changes o f  100 t o  1500 gamas (Figures A3,  

A 4 ) .  

dens i ty ,  and thus are  n o t  accu ra te l y  shown i n  F igure  6. To examine the  f i e l d  

changes more c lose ly ,  we r a n  a d e t a i l e d  magnetic p r o f i l e  a long the  eas tern  

ex tens ion  o f  L ine  B-B', and surveyed a smal l  d e t a i l e d  g r i d  (120 x 300 meters)  

near 2.375 E, L ine  C - C ' .  These surveys showed t h a t  t he  magnetic fea tures  have 

s p a t i a l  wavelengths o f  50 t o  100 meters, and we suspect t h a t  t h e  e f f e c t s  a re  

These a f f e c t s  a re  "smoothed" i n  the  contour  map because o f  low s t a t i o n  

due t o  mafic vo lcan ics  w i th in  greenstone u n i t s  o f  t he  Valmy Formation 

(S i  1 b e r l  i n g  and Roberts, 1962). 

S e l f  P o t e n t i a l  Survey 

F i ve  s e l f - p o t e n t i a l  (SP) l i n e s  (A-A', B-B', D-D' ,  F-F' and G - G I )  were 

run  i n  t h e  Buena V i s t a  Va l ley ,  extending i n t o  t h e  East Range. These data are 

shown on t h e  p r o f i l e  composites of  Appendix A (Figs.  A1 , A2, A4, A5, and A6). 

No anomalous SP a c t i v i t y  was de tec ted  i n  t h e  v a l l e y ,  but a very l a r g e  negat ive  
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anomaly was detected on a l l  l i nes ,  beginning i n e d i a t e l y  west of the range 

f ront  and extending i n t o  the East Range. The anomaly reaches -540 to  -570 

mV on the northernmost lines, decreasing t o  -320 mV on Line G-GI. 

of the anomaly ranges from about 5 to  7 km, and the w i d t h  a lso appears t o  

decrease southward. Preliminary r e su l t s ,  not presented here, on l ines  r u n  

north of D-D' indicate  tha t  the anomaly continues to  ga in  amplitude and  w i d t h  

northward, The eastern h a l f  of l i ne  B-B'  was surveyed separately by two f i e ld  

crews a n d ,  even though the measuring s i t e s  were not ident ica l ,  F i g .  A2 shows 

tha t  the survey r e su l t s  were reproducible. 

The w i d t h  

The width of the anomaly i s  a t  l e a s t  an order of magnitude greater  t h a n  

typical SP anomalies caused by conductive mineral i za t ion ,  and i t s  amp1 i tude 

i s  toward the h i g h  end of the range fo r  such anomalies. 

reported SP anomaly of s imilar  scale  was measured i n  theLong Valley, California 

geothermal area (Anderson and Johnson, 1976) ,  b u t  the source of t h a t  anomaly 

i s  ye t  unknown. 

The only other 

Heat flow holes KY-1  and KY-3 ( F i g .  9 )  were d r i l l ed  i n  the area o f  the 

SP anomaly. 

f o r  the  Battle Mountain regional heat flow anomaly (Sass e t  a l . ,  1976) .  How- 

ever,  graphi t ic  and py r i t i c  Valmy Formation was intersected i n  KY-3, and a 

graphi t ic  limestone was intersected i n  K Y - 1 .  

The heat flow readings f o r  the two holes are  considered normal 

This mineralogy could explain 

not only the SP anomaly, b u t  a lso some o f  the coincident h i g h  conductivity 

anomalies; e .g . ,  the dipole-dipole r e s i s t i v i t y  and E-field-ratio lows a t  

roughly 2 km east, Line D-D' (Fig. A 4 ) ,  and the E-field-ratio low a t  S t a t i o n  0 ,  

Line B-B' ( F i g .  A 2 ) .  

I t  i s  reported (Hohmann, personal comnunication) t h a t  Bear Creek M i n i n g  

Company (Kennecott) has a l so  encountered graphi t ic ,  py r i t i c  limestones i n  

Nevada which cause r e s i s t i v i t y  lows and strong induced polarization e f fec ts .  
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These rocks could pose an interpretat ional  problem fo r  a geothermal explora- 

t ion program should they occur i n  bedrock beneath a t h i n  cover of valley 

f i l l .  However, the SP technique provides a low-cost and r a p i d  means for 

mapping the extent of these anomalies, t h u s  providing some discrimination 

based on anomaly s ize  and shape, between a possible geothermal system and a 

formational e f f ec t .  Additional work i s  needed t o  determine the f u l l  extent 

of the SP anomaly, and the depth and dimensions of the source, b u t  we are  

reasonably sure t h a t  the anomaly does n o t  r e l a t e  t o  thermoelectric o r  streaming 

potential  e f f ec t s  from a geothermal source. 

Electric-Fie1 d-Ratio Tell ur ic  Survey 

The e l ec t r i c - f i e ld - r a t io  t e l l u r i c  method was used as an e l ec t r i ca l  

reconnaissance technique i n  the v ic in i ty  of Kyle Hot Springs i n  Buena Vista  

Valley. In this method, natural t e l l u r i c  f i e lds  a re  measured by means of a 

t r i p o l e  electrode array* t h a t  i s  advanced along a survey l i ne .  

f i e lds  between dipoles (dipole length o f  500 m )  a re  ratioed t o  yield the 

r e l a t ive  amplitude of the component of the E-field strength i n  the direct ion 

of the survey l ine .  

f i l t e r e d  a t  two frequencies, 8 Hz and 0.05 Hz (20-second per iod) ,  t o  provide 

some depth discrimination. 

The e l e c t r i c  

For this work the t e l l u r i c  s igna l  was narrow bandpass 

The t e l l u r i c  r e su l t s  a r e  shown i n  the prof i le  composites ofAppendix A 

(F igs .  A1-A10). 

0.05 Hz t races  a r e  completely a rb i t r a ry  w i t h  respect to  the " re la t ive  e l e c t r i c  

f i e l d  strength" axis .  Additional discussion of the E-field-ratio t e l l u r i c  

method was given by Beyer, e t  a l .  (1976). 

In the prof i les  the r e l a t ive  positions o f  the 8 Hz and 

*Two co-linear dipoles w i t h  one common electrode. 
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A t o t a l  o f  86 l i ne -k i l omete rs  o f  t e l l u r i c  data were obta ined a t  one- 

h a l f - k i l o m e t e r  i n t e r v a l s  along e i g h t  survey l i n e s .  

o r i e n t e d  perpendicu lar  t o  the  range-front f a u l t  system and t h e  a l luv ium-  

Most o f  the  l i n e s  a re  

bedrock contact ,  t he  d i r e c t i o n  f o r  which o r i e n t a t i o n  and p o l a r i z a t i o n  changes 

i n  t h e  i n c i d e n t  magne to - te l l u r i c  s o u r c e - f i e l d  w i l l  no t  a f f e c t  E - f i e l d - r a t i o  

t e l l u r i c  anomalies. 

The t e l l u r i c  data on l i n e s  B-B' ,  C - C ' ,  F-F' ,  G - G I ,  J - J ' ,  and L-L' 

(Figs.  A2, A3, A5, A6, A7 and A8) show a common fea tu re :  

from eas t  t o  west due t o  an i nc reas ing  th ickness o f  conduct ive sediments 

extending westward f rom the  East Range. 

f i e l d  should be a f f e c t e d  more by basement rocks,  w h i l e  the  8 Hz f i e l d  i s  

normal ly  a f f e c t e d  by t h e  o v e r l y i n g  sediments. 

sediments o v e r l y i n g  a more r e s i s t i v e  basement complex, the  l ong  per iod  data 

should n o t  f a l l  o f f  as q u i c k l y  as t h e  8 Hz data, as was observed along L ines 

B-B', C-C'  and J - J ' .  However, L ines G-G'  and L-L' show the  oppos i te  t rend,  

which suggests t h a t  t he  a l l uv ium may con ta in  lenses o r  l aye rs  more r e s i s t i v e  

than the  under ly ing  rocks.  

decreasing E - f i e l d  

The longer  pe r iod  (0.05 Hz) t e l l u r i c  

I n  t h e  usual case o f  conduct ive 

The l a r g e  negat ive  SP anomalies, which a re  associated w i t h  g r a p h i t i c  

and p y r i t i c  rocks along the  western margin o f  t h e  East Range, correspond t o  

E - f i e l d - r a t i o  anomalies. The 0.05 Hz t e l l u r i c  data genera l l y  show a low 

associated w i t h  t h i s  s e l f - p o t e n t i a l  anomaly, as seen on L ines A-A' (d ry  

e lec t rodes) ,  B-B' ,  D-D' and F-F' and suggested on L i n e  G - G I .  

per iod  t e l l u r i c s  appear t o  respond t o  t h i s  f e a t u r e  beginning 2.5 km south o f  

t he  SP anomaly on L ine  A-A' and 2.5 km west o f  the  SP anomaly on L ine  D - D ' .  

Thus, t he  conduct ive body causing t h e  s e l f - p o t e n t i a l  anomaly i n  the  East Range 

The longer  

may cont inue westward under the  T e r t i a r y  v a l l e y  f i l l .  The inc reas ing  t h i c k -  

ness o f  a l l u v i u m  should mask the  s e l f - p o t e n t i a l  anomaly a t  t he  surface, and 
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therefore , the SP source may be broader than can be measured a t  the surface. 

Between 2.5 and 5 km west on Line D-D' both the t e l l u r i c  d a t a  and the dipole- 

dipole data ( F i g .  A4) indicate a near-surface r e s i s t i v i t y  h i g h  in the 

alluvium. This would fur ther  shield deep SP currents from the surface. 

Kyle Hot S p r i n g s  appears in the t e l l u r i c  data as a one p o i n t  low a t  

3 km west on Line B-B'  (Fig. A 2 ) .  

50 meters of the hot spring pools. 

The electrode a t  t h i s  location was within 

A t  3 t o  3.5 km west, Line L - L '  crossed a r e l i c  s i n t e r  deposit located 

about 1 . 2  km southwest of Kyle Hot S p r i n g s  and along the f a u l t  system which 

apparently controls the springs. A t  t h i s  location, the 0.05 Hz t e l l u r i c s  

shows a re la t ive  h i g h ,  suggesting e i t h e r  tha t  r e s i s t i ve  s i n t e r  extends t o  

depth, o r  t ha t  there i s  par t icu lar ly  conductive material a t  depth east  of 

the h i g h ,  a t  2.5 km west. The gravity data (Fig. 5 )  suggest a possible 

s i n t e r  mass. 

a low conductivity zone near the surface,  associated w i t h  the s i n t e r .  

The low in the 8-Hz t e l l u r i c  prof i le  a t  3.5 km west indicates 

Di pol e-Di pol e Res i s t i v i  t y  

A -500 mV self-potent ia l  anomaly and a coincident t e l l u r i c  low occur 

a t  the S tar  Point Mine on Line D - D ' ,  where alluvium i s  a t  most a thin veneer 

a t  the center of Klondike Canyon (Fig. A4). In  an e f f o r t  t o  discover the 

possible source of the large SP e f f ec t  and  t o  determine whether a conductive 

anomaly ex i s t s  a t  depth a t  t h i s  location i n  the East Range, an in- l ine 

dipole-dipole survey was performed using one-km-length dipoles out t o  a 

maximum separation o f  ten dipole-lengths. The survey r e su l t s  a re  shown in 

Figure A4 in the standard form of  an apparent-resis t ivi ty  pseudo-section. 

(For a discussion of the dipole-dipole r e s i s t i v i t y  method and i t s  interpreta-  

t ion see Beyer, e t  a l .  (1976)) .  
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A p r e l i m i n a r y  at tempt  t o  f i n d  a two-dimensional f i t  t o  the  pseudo- 

sec t i on  was c a r r i e d  o u t  by means o f  computer modeling. F igure  7 shows the  

r e s i s t i v i t y  model and the  corresponding ca l cu la ted  pseudo-section obta ined 

a f t e r  several  i t e r a t i o n s .  

f u r t h e r  re f inement ,  the  c a l c u l a t e d  pseudo-section dep ic t s  t h e  general fea-  

tu res  seen i n  t h e  f i e l d  data;  a l t e r n a t i n g  h igh  and low a p p a r e n t - r e s i s t i v i t y  

t rends extending d iagona l l y  from upper r i g h t  t o  lower  l e f t ;  the shal low 

r e s i s t i v e  h igh  a t  3.5 km west; and t h e  l a r g e  a p p a r e n t - r e s i s t i v i t y  low reg ion  

extending down and t o  the  west f rom the  S ta r  Po in t  Mine (1 t o  2 km eas t ) .  

Although t h e  model ing f i t  t o  the  f i e l d  data needs 

The r e s i s t i v i t y  model suggests t h a t  t he  pseudo-section data a re  con- 

t r o l l e d  by very  conduct ive (one ohm-meter) ma te r ia l  a t  o r  near the  bedrock 

surface. Three such bodies a r e  shown i n  t h e  r e s i s t i v i t y  model, two a t  the  

sur face between 2 and 6 km east,  and one a t  depth between 0 km and 4 km west. 

Geologic mapping and shal low d r i l l i n g  (heat f l ow  ho le  KY-3 i n  the  v i c i n i t y  

o f  K londi  ke Canyon) have revealed g r a p h i t i c  and p y r i t i c  rocks which may 

account f o r  both t h e  SP and c o n d u c t i v i t y  anomalies. 

A b e t t e r  f i t  between observed and c a l c u l a t e d  apparent r e s i s t i v i t i e s  

might  be obta ined by moving the  deepest conduct ive body eastward up the  bed- 

rock d i p  s lope t o  the  v i c i n i t y  o f  1 km west t o  1 km east .  

severa l  des i red  e f f e c t s :  

of L i n e  D-D' should move up t o  sma l le r  - N spacings; t he  5 ohm-meter "a l luv ium"  

This  should have 

t h e  low apparent r e s i s t i v i t i e s  a t  t h e  eastern end 

zone cou ld  be made t h i n n e r  eas t  o f  1.5 km west, which would be cons is ten t  

w i t h  the  g r a v i t y  data; t he  apparent r e s i s t i v i t y  values a t  depth beneath 3.5 

km west should decrease t o  values more cons is ten t  w i t h  the  f i e l d  data,  

An impor tan t  p o i n t  t o  note i s  t h a t  low apparent r e s i s t i v i t i e s  a t  

l a r g e  - N spacings ("deep" i n  a pseudo-section) do n o t  necessa r i l y  represent  

conduct ive bodies a t  depth. It appears t h a t  t h e  low apparent r e s i s t i v i t y  
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anomaly below 3.5 km west a t  a dipole separation of N = 8 i s  caused by the 

(s 1 km)  o f  conduc 

Seismology 

Seismologica 

two reconnaissance 

existence of two near-surface conductive features:  

body i n  bedrock between 1 km west and 1 km e a s t ,  and a thick section 

a graphi t ic ,  py r i t i c  

ive sediments west of 6 km west. 

investigations were limited in Buena Vista Valley to  

microearthquake surveys, each about two weeks in d u r a  

Portable smoked-paper MEQ-800 seismographs were used i n  both surveys, i n  

i n i t i a l  attempt to  locate possible source regions of microearthquake a c t  

vi ty  in the v ic in i ty  of Kyle H o t  Springs. The s ta t ions  were dis t r ibuted 

ion. 

an 

- 

as  

shown i n  Figure 8,  i n  arrays extending t o  some 10 km from the hot sp r ings  

area. 

were deployed. 

o f  the h o t  springs. 

In the f i r s t  survey, conducted 2-12 September 1973, eight seismographs 

A single  earthquake was detected, located about 1 .5  km south 

The s t a t ion  network was operating a t  re la t ive ly  h i g h  

s ens i t i v i ty ,  and would have detected any earthquakes of magnitude zero o r  

greater  within 10-15 km of the hot springs. 

using f ive  of the same seismographs, was conducted 26 August-8 September 1976 

on the chance t h a t  the 1973 survey sampled a period of anomalously low 

seismicity.  

A second reconnaissance survey, 

No earthquakes were detected in the second survey. 

Had s ign i f icant  microearthquakes been detected i n  e i t he r  survey, a 

12-station network, with data telemetered and recorded on magnetic tape,  

would have been ins ta l led  i n  the area. 

subsequent studies of variations of at tenuat ion,  velocity,  and ground noise 

This system i s  required f o r  meaningful 

throughout the area,  and fo r  precise hypocenter locations and source 

mechanism analyses. 
. - L  

I t  i s  conceivable t h a t  swarm-type microearthquake ac t iv i ty  occurs, b u t  

i t  was not detected i n  the two 2-week surveys which may have unfortunately 
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a 

co inc ided w i t h  q u i e t  per iods.  

p o s s i b i l i t y .  Add i t i ona l  surveys were n o t  conducted near Kyle Hot Springs 

because the  f i e l d  program was concentrated a t  the  t ime i n  Grass Val ley,  where 

abundant seismic a c t i v i t y  was occur r ing .  

The s i n g l e  event lends credence t o  t h i s  

Heat Flow 

As p a r t  o f  a j o i n t  LBL-USGS program, heat- f low measurements were 

planned near Kyle Hot Spr ings t o  see i f  the  l a r g e  SP anomalies (descr ibed 

e a r l i e r  i n  t h i s  r e p o r t )  i n d i c a t e d  t h e  presence o f  a c i r c u l a t i n g  hydrothermal 

system o r  were due t o  poss ib le  conduct ive m i n e r a l i z a t i o n  i n  t h e  bedrock on 

the western f l a n k  of  the  East Range. 

a re  descr ibed i n  a recent  o p e n - f i l e  r e p o r t  (Sass e t  a1 . , 1976) , and a re  

The heat - f low measurements and r e s u l t s  

b r i e f l y  summarized here. 

F i ve  heat - f low holes were i n i t i a l l y  planned: two were t o  be c o l l a r e d  

i n  p h y l l i t e  and q u a r t z i t e  o f  the  Valmy Formation, one i n  carbonate rock o f  

probable T r i a s s i c  age, and two i n  Quaternary a l l uv ium west o f  Kyle Hot Spr ings. 

Only one ho le  (KY-3) was u l t i m a t e l y  d r i l l e d  i n  the  Valmy Formation. 

t i o n s  o f  t he  f o u r  holes d r i l l e d ,  together  w i t h  heat f l o w  values, a re  shown 

The loca-  

i n  F igure  9. 

Inspec t ion  o f  cores and c u t t i n g s  from ho le  KY-3, which penetrated 

Q 100 meters o f  Valmy Formation a t  S ta r  P o i n t  Mine (F igure  l ) ,  i n d i c a t e d  

numerous g raph i te  bands , as we1 1 as apprec iab le su l  phide m i n e r a l i z a t i o n  

below a near-sur face zone o f  o x i d a t i o n  % 30-meters t h i c k .  

i n  the  carbonate rock exposed on t h e , s o u t h  s ide> o f  Hot Springs Canyon, 

encountered a T, 1-meter- th ick zone o f  g raph i te ,  about 31 meters below the  

Hole KY-1, d r i l l e d  

surface, and several  t h i n n e r  g r a p h i t i c  bands a t  o the r  depths. 

Table I11 l i s t s  estimated, heat f lows over  depth i n t e r v a l s  o f  constant  

geothermal g rad ien t  us ing  thermal c o n d u c t i v i t i e s  determined from cores and 
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Temperature Thermal 
Depth I n t e r v a l  Grad i ep t Conduc t i v i t y  

Hole (m)  " C h -  N* (meal cm-1 sec-1 "c-1) 

38.70k0.05 9 8.53 f 0.25 

KY -3 18 - 100 34.77f 0.10 24 10.95 2 0.44 

KY -4 23 - 67 136.7 k 0 . 2  16 4.98k 0.15 
75 - 137 84.2 kO.1 27 5.87 2 0.19 

KY-1 37 - 96 

KY-5 75 - 152 87.69 2 0.05 29 3.63f  0.09 

samples o f  d r i l l  c u t t i n g s .  Heat f l ows  i n  holes KY-1, KY-3, and KY-5 a r e  

s i m i l a r  t o  o t h e r  heat  f l ows  measured i n  t h e  " B a t t l e  Mountain High" (Sass 

e t  a l . ,  1971). 

f o r  t h e  reg ion,  i t  i s  u n l i k e l y  t h a t  the  e l e c t r i c a l  geophysical anomaly on 

the western f l a n k  o f  t h e  East Range i n d i c a t e s  the  presence o f  a hydrothermal 

system i n  t h a t  area. 

Because heat f l o w  i n  the  bedrock holes appears normal 

i 

Heat 
F1 oy 

(peal cm- sec-1) 

3.30 f 0.10 

3.81 t 0.15 

6.8 '0.2 
4.95 k 0.16 

3.18 f 0.08 

Heat f l o w  i n  ho le  KY-4 i s  g rea te r  than reg iona l  background, w i t h  an 

e s p e c i a l l y  h igh  value i n  the  upper 65 meters of the  hole.  

t h a t  t h i s  somewhat e leva ted  heat  f l o w  r e s u l t s  f rom the  p r o x i m i t y  o f  the 

ho le  t o  Kyle Hot Spr ings, o n l y  2 km t o  the  east .  

It i s  probable 

The hole i s  l i k e l y  t o  be 

w i t h i n  t h e  zone o f  c i r c u l a t i n g  hydrothermal f l u i d s  associated w i t h  the  h o t  

spr ings.  
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SUMMARY AND CONCLUSIONS 

Within the survey area there i s  no v is ib le  indication of present-day 

hydrothermal ac t iv i ty  except a t  Kyle Hot Springs. The geophysical work, 

consisting of  gravity,  magnetics, self -potent ia l ,  E-field-ratio t e l l u r i c s ,  

dipole-dipole r e s i s t i v i t y ,  microearthquake and heat flow measurements, did 

n o t  detect  evidence f o r  any other c i rculat ing hot-water system. 

Surveys conducted close t o  Kyle Hot Springs show tha t  the spring 

ac t iv i ty  corresponds t o  a single-point low i n  the E-field-ratio prof i les  and 

a weak gravity anomaly, due  possibly t o  densification by precipitating spring 

deposits. No SP anomaly was found along a l i ne  over the h o t  springs. 

An inactive " foss i l "  hot springs area l i e s  one t o  two kilometers south 

o f  Kyle Hot Springs. 

by intense faul t ing and numerous f a u l t  intersections.  

anomaly associated w i t h  the inactive springs may be due to  denser 

Both inactive and act ive s p r i n g  areas are  characterized 

A broad 5 mGal gravity 

hot spring 

deposits extending t o  d e p t h .  This occurrence i s  also suggested in the 0.05 Hz 

E-field-ratio data which show a corresponding r e s i s t i v i t y  h i g h .  

A thi rd area of intersecting f au l t s  l i e s  13 km south of Kyle Hot Springs, 

in the alluvium a t  the western end o f  Granite Mountain. This area was not 

investigated because of constraints of time and our  emphasis on higher pr ior i ty  

areas. 

One of the most intriguing geophysical features i n  the survey area was 

the large negative SP anomaly (-300 t o  -570 m V )  paral le l ing the western margin 

of the East Range. 

t i v i t y  surveys showed tha t  the SP source a l so  has a low re s i s t i v i ty .  

heat flow holes, KY-1 and KY-3, were collared in the SP anomaly. Heat flow 

values were normal fo r  the region,  and d r i l l  cores and cutt ings confirmed 

tha t  SP and conductivity anomalies a re  most probably due t o  pyr i t ic  and/or 

Follow-up E-field-ratio t e l l u r i c  and dipole-dipole res is-  

Two 
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g r a p h i t i c  zones i n  the rocks and  not due t o  thermoelectric o r  streaming poten- 

t i a l s  related t o  hydrothermal ac t iv i ty .  

A single microearthquake was detected Q 1.5 km south of Kyle Hot Springs 

during four weeks of monitorimg. 

occurs and tha t  our  f i e ld  work coincided with quiet  periods. 

I t  i s  possible t h a t  swarm-type ac t iv i ty  

Four heat flow holes were d r i l l ed  b u t  only one, KY-4, gave heat flow 

values greater  t h a n  the regioval background. 

Kyle Hot Springs, gave 6.8 HFU i n  the upper portion (23  to  67 m ) ,  declining 

t o  Q 5.9 HFU i n  the deeper p o r t i o n  (75  t o  137 m ) .  

the measured heat flow values a re  influenced by near-surface warm waters 

flowing down a hydrogeologic g r a d i e n t  from Kyle Hot Springs. 

This hole, two km southwest o f  

I t  has been suggested t h a t  
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