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I NTRODUCT I O N  

V 
The De Braga 52 and Richard Weishaupt 81 geothermal t e s t  wells were 

d r i l l e d  by Union O i l  Company, Geothermal Division, between 1979 and 1981 as 

part o f  the  U. S. Department o f  Energy, Div is ion o f  Geothermal Energy Industry 

Coupled Program. 

They are i n  the S t i l lwa te r  area, located on the southeast side o f  the 

Carson Desert i n  Churchi l l  County, Nevada (Figure 1). Hot water was f i r s t  

discovered i n  the area i n  1919 (Garside and Schi l l ing,  1979). There are no 

known surface manifestations o f  geothermal a c t i v i t y  i n  the immediate v i c in i t y ,  

however, basa l t i c  cinder cones a t  Soda Lake, a few mi les t o  the west, a r e  t he  

resul t  o f  phreat ic explosions during the  Quaternary (Sibbett, 1979). 

GEOLOGY 

Regi onal Sett i ng 

The Carson Desert i s  a large sediment-f i l led graben i n  the western Basin 

and Range physiographic province. During the Quaternary, the basin was f i l l e d  

wi th lacustr ine, a1 l u v i a l  and f l u v i a l  deposits. The present surface consists 

of Lake Lahontan and recent sediments (Morrison, 1964). The St i l lwa ter  Range, 

on the'east s ide o f  the basin, i s  composed o f  Quaternary and Ter t iary  volcanic 

rocks and Mesozoic sedimentary and igneous rocks (Page, 1965). A north- 

northeast-trending normal f a u l t  o r  f a u l t s  form the boundary between the range 

and the basin. The block fau l t ing,  which has been act ive since l a t e  Ter t ia ry  

time, i s  s t i l l  act ive as evidenced by earthquakes i n  1954 (Morrison; 1964). 

Ground breakage and minor of fset  occurred i n  the  S t i l lwa te r  area along a N 12" 

E trend during the 1954 earthquakes. 

w 

1 



. 

W 
INDEX 

0 1Q 2p 30 MllES 

f X P C A N A T I O N  - Bard &ace roadr 

FIGURE 1 
MAP OF CHURCHILL -COUNTY, NEVADA 



. 

Geothermal System 

Geothermal occurrences have been known throughout the southern Carson 

Desert since the early 1900s. In recent years, several geothermal wells have 

been drilled i n  the Stillwater area (Figure 2). In 1964, O'Neill Geothermal, 

Inc. drilled the Reynolds No. 1 well t o  a depth of 1,291 m (4,237 feet) w i t h  a 

maximum recorded temperature of 136OC (277OF) (Garside and Schilling, 1979, p. 

17). Union O i l  Company drilled three wells t o  about 1220 m (4,000 feet) 

during 1976 and 1977. 

SUBSURFACE STUDIES 

The detailed lithologic logs of the De Braga f2 and Richard Weishaupt 81 

wells are included i n  the Appendix t o  this report. Generalized descriptions 

of rock types penetrated i n  the subsurface and tentative stratigraphic 

correlations for the De Braga f2 and Richard Weishaupt #1 wells are shown on 

Plate 1, and their locations are shown on Figure 2. 

Depths and thicknesses o f  stratigraphic units reported here refer t o  

probe depths and do not  represent actual bed depths and thicknesses due t o  

hole d r i f t  and deviation. The Richard Weishaupt f l  well was intent ional ly  

deviated below 905 m (2970 f t )  t o  intersect a target located approximately 730 

m (2400 f t )  due west and 2900 m (9500 f t )  vertically downward from the 

dril lsite. 

Overall , both we1 1s appear t o  penetrate nearly identical stratigraphic 

units. The wells are collared i n  a l l u v i u m  and penetrate over 1128 m (3700 f t )  

i n  De Braga f2 and over 1158 m (3800 f t )  i n  Richard Weishaupt fl of 

unconsol idated and semi-consol idated recent lacustrine sediments and 

P1 ei stocene tuffaceous sediments of Lake Lahonton and pre-Lake Lahonton age 
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(Union O i l  Company, 1979 and 1981a). Fossi l  she l l  fragments are local ized i n  . 

cer ta in  s t ra t igraphic  horizons while ostracods appear throughout the  

sedimentary section. Fragments o f  coal and l i g n i t e  may represent e i ther  

bedded un i t s  i n  the sediments o r  additions o f  " los t  c i rculat ion' '  material . 
The sediments are e i ther  unconsolidated o r  poorly cemented with ca l c i t e  and 

contain l o c a l l y  strong pyr i te.  

Underlying the upper unconsolidated sediments and contained wi th in  the  

lacustr ine section i s  a basic t o  intermediate hypabyssal intrusion. The 

in t rus ion i s  considered t o  be a s i l l  based upon the depth o f  in tersect ion ( a t  

732 m and 823 m i n  De Braga and Weishaupt respectively), thickness (122 t o  229 

m ) ,  apparent l a te ra l  extent, and the  occurrence o f  p y r i t e  and a r g i l l i c  

a l te ra t ion  s l i g h t l y  above and below the u n i t  t ha t  would ind icate baking and 

hydrothermal ac t i v i t y .  

The - interval  

Formation, 853 t o  

(3450 t o  3800 ft) 

claystone and bas 

between the base o f  the in t rus ion and the  top o f  the Bunejug 

1128 m (2800 t o  3700 ft) i n  D e  Braga f2  and 1052 t o  1158 m 

i n  Weishaupt 61, appears t o  be inter layered tuffaceous 

c igneous rock. Geophysical logs suqgest several 

interlayered u n i t s  o f  contrasting character. An in t rus ive  o r  extrusive nature 

o f  the igneous rock was not determinable from cut t i ng  samples f o r  t h i s  

in terva l  . 
Below a depth o f  approximately 1128 m (3700 ft) i n  both 

and Richard Weishaupt #l wells i s  a th ick  sequence of basal t  

andesite f l ows  and minor intercalated mudstone tha t  i s  i n te rp  

Bunejug Formation. The upper par t  o f  t h i s  u n i t  i s  charact 

basal t ic  t o  andesit ic lava f l  om having plagioclase and pyroxene phenocrysts 

i n  an aphanit ic matrix and vesicles f i l l e d  with ca lc i te ,  secondary c lay 
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minerals, zeol i te,  and celadonite. Hematite i s  pervasive i n  the basalt flows. 

Fels ic  t u f f s  and tuffaceous sedimentary rocks were encountered below bi 

2443 m (8015 ft) and are assigned t o  the Truckee Fonnatlon (Morrison, 1964). 

These rocks i n te r f i nge r  with the basalt flows o f  the Bunejug Formation for a 

ver t ica l  distance o f  approximately 244 m (800 feet). 

Various geophysical and mechanical logs were run i n  both wells (Union O i l  

Company, 1979 and 1981a). Logs o f  the De Braga 52 w e l l  were d ig i t i zed  f o r  use 

with the computer software system WELLOG (Atwood e t  al., 1980). Plate 2 shows 

a log composite obtained using the WELLOG program having temperature, cal iper,  

res i s t i v i t y ,  neutron porosity, density porosity, spontaneous potent ia l  and 

gamma ray logs. Rock types are broadly d i v i s i b l e  i n t o  four  categories, each 

exhib i t ing d i f f e r e n t  geophysical responses. Pleistocene unconsolidated and 

semi-consolidated sediments present t o  depths of approximately 1158 m (3800 

ft) i n  each hole have high natural gamma radioact iv i ty ,  low density, low 

r e s i s t i v i t y ,  and high porosity. Basal t ic  in t rus ive  rocks occurring ,at shallow 

depths (1038 m) i n  both wells are characterized by low natural  gamma 

radioact iv i ty ,  high density, high r e s i s t i v i t y ,  and low porosity. Basalt and 

basal t ic  andesite flows o f  the Bunejug Formation have low natural gamma 

rad ioac t i v i t y  and moderate t o  low r e s i s t i v i t y  whi le displaying a somewhat 

e r r a t i d  nature on the porosi ty and density logs. Fels ic  volcanic rocks 

encountered below 2443 m (8015 ft) i n  the Weishaupt wel l  have d i s t i n c t l y  

higher natural  gamma, lower r e s i s t i v i t y ,  and higher poros i ty  than overlying 

formations. 

Temperature p ro f i l es  o f  both we1 1s show re1 a t i v e l y  high near-surface Temperature p ro f i l es  o f  both we1 1s show re1 a t i v e l y  high near-surface 

gradients o f  about 300°C/km i n  unconsolidated va l ley  sediments t o  an 

b) approximate depth o f  396 m (1300 ft). Temperature reversals occur between 427 
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and 457 m (1400 and 1500 f t )  and negative gradients t o  nearly isothermal 

conditions exist t o  approximately 1219 m (4000 f t ) .  TheJower portions of 

both wells below 1219 m have positive gradients of 7.2' - 29'C/km. The 

maximum recorded temperatures i n  the De Braga and Weishaupt wells were 169'C 

and 178'C respectively (Union Oil Company, 1981b, p. 17). 

CONCLUSIONS 

Lithologies penetrated throughout  the upper 732 t o  838 m (2400 t o  2750 

f t )  w i t h i n  the St i l lwater  prospect area are terrigenous sediments of 

Pleistocene t o  Recent age. A sill  of daci te  t o  andesite composition w i t h  a 

thickness variable between 122 t o  208 m (400 t o  680 f t )  is  present below the 

terrigenous sediments. Between the base of the sill and the top of the 

Bunejug Formation are intercalated volcanic and sedimentary rocks. A l l  

formations overlying the Bunejug Formation are probably of Pleistocene age. 

The basal t  and basaltic-andesite flows and ash below a depth of 

approximately 1128 m (3700 f t )  are herein assigned t o  the Bunejug Formation 

(Morrison, 1964) of Pliocene and possibly ear ly  Pleistocene age. The Bunejug 

Formation is  a t h i c k  sequence of basalt  t o  andesite flows and hyaloclastite 

exposed i n  the mountains surrounding the south half  o f  the Carson Desert and 

mapped by Axelrod (1956), Morrison (1964), and Page (1965). There is 

extensive exposure of P1 i o-P1 ei stocene basalt  and basal t i c  andesite i n  the 

Stillwater Range t o  the east and south of the St i l lwater  prospect area (Page, 

1965). 

overlyi ng folded P1 iocene sedimentary Strata.  

Page (1965) reports a 488 m (1600 f t )  thickness of these rocks 

The De Braga 82 well bottomed i n  Bunejug volcanics a t  a depth of 2109 m 

(6920 f t ) .  The Richard Weishaupt f l  well penetrated the entire Bunejug 
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sequence and entered felsic volcanics and tuffaceous sediments, which possibly 

represent par t  of the Truckee Formation, a t  a depth of approximately 2412 m cd 
(7915 f t ) .  

The sedimentary and volcanic stratigraphy penetrated by the De Braga and 

Richard Weishaupt wells is  similar t o  tha t  penetrated by wells drilled i n  the 

Soda Lake area (Horton, 1978 and Si bbe t t  , 1979) located roughly (20 miles) 

westward. The top of the Bunejug Formation lies a t  a depth of 1400 m (4595 

f t )  below the Soda Lake area, a t  approximately the same structural  elevation 

as i n  the St i l lwater  area. 

Basalt and andesite encountered i n  the Carson Sink R1 well near Soda Lake 

and interpreted a s  the Bunejug Formation is a t  l ea s t  914 m (3000 f t )  t h i c k  and 

i s  underlain by daci te  porphyry, which could be Truckee Formation (Horton, 

1978). Nearly 1220 m (4000 f t )  of basalt and basal t ic  andesite were 

encountered i n  the Richard Weishaupt #l well and this u n i t  has been 

interpreted a s  Bunejug Formation. 
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Richard Wishoupt # 1 
Union Oil Company 

De Braga#2 
Union Oil Company 

Pre- Lake Lahontan and Lake Lahonton Sediments: 

Dominantly clay with interstratified tuffaceous 

si l t  and sand. Coarser-grained fractions are 

quartzose. Calcite cement is common. Secondary 

minerals are pyrite and clays. 

Interstratified Felsic Volcanics and Tuffaceous Sediments. 

Bunejug Formation. 

Basalt or basaltic andesite flows with minor interbedded 
mudstone. Basalt contains plagioclaseXnd pyroXri6; 
abundant zeolite amygdules. Tachylite altering to 

palagonite and celadonite. Basalt is multicolored: olive 
gray. dark brown, red and green tint. Hematite staining 
is pervasive. 

-- 
--- 

EAWUW SCOENGE 
LABOWATOWPI 

Truckee Formation 
Interstratified felsic tufFs and 

tuFfaceous sedimentary rocks. 
Basalt of the BuneJug Formation 
interfingering within the upper 800Ft 

EXPLANATION 
basaltic intrusive 
recent lacustrine and fluvial 
sand, silt, and clay 

basalt and andesite flows 

a basaltic cinders a felslc volcanics and tuffaceous 
sediments. 

Probe Depth:10,014' 
True Vertical Depth:9569' 
230dWert and 357'South of 
Surface Location 

PLATE 1 
CORRELATION OF BEDDED UNITS IN THE 

STILLWATER AREA 
CHlJRCHfLL COUNT,: NEVADA A 
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