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INTRODUCTION

The De Braga #2 and Richard Weishaupt #1 geothermal test wells were
drilled hy Union 01l Company,'GeothennaI Division, between 1979 and 1981 as
part of the u. S. Department of Energy, Division of Geothermal Energy 1ndustry

Coupled Program.

They are in the Stillwater area, 1occted on the southeast side.of the
Carson Desert in Churchill County, Nevada (Figure 1). Hot water was first
discovered in the area in 1919 (Garside and Schilling, 1979). There are no
known surface man1festations of geothermal activity in the 1mmed1ate vicinity,
however, basaltic cinder cones at Soda Lake, a few miles to the west, are the

result of phreatic éxplosions during the Quaternary (Sibbett, 1979).

GEOLOGY
Regional Setting

The Carson Desert is a large sediment-filled graben in the western Basin
and Range physiographic provihce. ‘During the QUaternary, the_basin was filled
uﬁth‘lacustriné, alluvial and fluvial deposits. The present surface coﬁsists.
of Lake Lahontan and recent sediments (Morrison, 1964). The Scillwacec Range,
on the "east side of the basin, is composed of Quaternary and Tertiary volcanici
rocks and Mesozoic sedimentary and igneous rocks (Page, 1965) A ncrthf
ncrtheast-trending nonnal fault or fau?ts form the bouadany betwéen'the cange
‘and the ba51n. The block faulting. whfch has been active since 1ate Tertiary
t1me, is st111 active as evidenced by earthquakes in 1954 (Morrison, 1964).
‘Ground breakage and minor offset occurred in the Stil]water area along a N 12° ‘

E trend during the 1954 earthquakes.
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Geothermal System

| Geethermai occurrences heve been‘known thréugheut‘the southern Carson“"

- Desert since the eafly 1900s. In receht years, several geothermal wells have )
been drilied in the Stil!wﬁter area (Figure 2). In 1964, O‘NeiIY'Geotherma1; 

Inc. drilled the Reynolds No. 1 well to a depth of 1,291 m (4,237 feet) with a
:maximum recorded temperature of 136°C (27?°F)‘(Gar51de and Schilling, 19?9;,p.

17). Unfon 011 Company drilled three wells to about 1220 m (4,000 feet)  »

during 1976 and 1977. o - I

SUBSURFACE STUDIES

The detailedllithologic logs of the De Braga #2 and Richard Weishaupt #1
wells are included in the Appendix to this report. AGeneralized descriptions
of rock types penetrated in the subsurfacevand tentative stratigrapﬁic
correlations for the De Braga #2 and Richard weishaupt #1 wells are shown on

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

Depths and thicknesses offstratigraphic un1ts reported here refer to
probe depths and do not represent actual bed depths and thicknesses due to
hele drift and deviation. The ',,Riehard Neieheupt #lk'well was intentionally
»deviaeed~below 905 m (2970 ft) to“intersect:a target loéated'apprdxfmate1&i730
m (2400 ft) due west and 2900 m (9500 ft) vertica]ly downward from the
7drlllsite. ‘ S | |

, OveraTl both wells appear to penetrate nearly 1dentica1 stratigraphic
*units. The wells are col]ared in a!luvium and penetrate over 1128 m (3700 ft),
in De Braga #2 and over 1158 m (3800 ft) in Richard Weishaupt #1 of |
unconsolidated and semi-consolidated~recent Iacustrine sediments and

PleiStocene tuffaceous sediments of Lake Lahonten and pre-Lake Lahonton age
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(Unidn 0il Company; 1979 and 198la). Fossil shell fragments are 1ocalized_in
certain stratigraphic horizons while ostracods appear throughout'the'
sedimentary section. Fragments-of.coal andtlignite’may represent'either
bedded units in the sediments or additions of “ioSt circulation“ material.
The sediments are either unconsolidated or poorly cemented with calcite and |

contain locally strong pyrite;

Underlying the upper unconsolidated sediments and contained}within the
lacustrine section is a basic to intermediate hypabyssal intrusion. -The

intruSion is considered to be a sill based upon the depth of intersection (at

732 m and 823 m in De Braga and Weishaupt respective]y), thickness (122 to 229

m), apparent lateral extent, and the occurrence of pyrite and argil]ic
alteration slightly above and below ‘the unit that would indicate baking and
hydrotherma] activity.

The -interval between the base of the 1ntrusion and the top of the BuneJug _

Formation, 853 to 1128 m (2800 to 3700 ft) in De Braga #2 and 1052 to 1158 m

' (3450 to 3800 ft) in Weishaupt #1, appears to be interlayered tuffaceous .

claystone and basic igneous rock. Geophysical logs suggest several
interlayered units of contrasting character, An intrusive or extrusive nature

of the igneous rock was not determinab]ejfrom cuttingjsampies_for'this_d .

interval.

Below a depth of approximately 1128 m (3700 ft) in both the De Braga #2 "_'

”iand Richard Weishaupt £1 wells is a thick sequence of basalt and basaitic

_,;ande51te flows and minor intercalated mudstone that is interpreted as the

' fBuneJungormation.' The upper part of this unit is characterized by amygduiar -

(o

basaltic to andesitic lava flows having p]agioclase and pyroxene phenocnysts

in an aphanitic matrix and vesicles filled with calcite, secondary clay




minerals, zeolite, and celadonite. Hematite 1s pervosive in the basalt flows.

Felsic tuffs and tuffaceous sedimentary rocks vere encountered below
' 2443 m (8015 ft) and are assigned to the Truckee Formatfon (Morrison, 1964)
These rocks interfinger with the basait flows of the Bunejog Formation for a

vertical distance of approximateiy 244 m (800 feet).

Various geophysicai and mechanical logs were run in both neiis (Union'Oii
Company, 1979 and 1981a). LogS~of the De Braga #2 welikwere digitized for use
With the computer software system WELLOG (Atwood et al., 1980). Plate 2 shows
a log composite obtained using the WELLOG prooram'haVing temperature,tcaiiper,
resistivity, neutron porosity, densxty porosity, spontaneous potential and
gamma ray logs. Rock types are broadly divisibie into four categories, each
exhibiting different geophysical responses. Pieistocene unconsolidated and
semi-consoiidated sediments present to depths of approximateiy 1158 m (3800 ;
ft) in each hole have high natural gamma,radioactivity, iow density, Tow
resistivity, and high poroSity;’ Basaltic intrusive rocks occurring at shallow
depths (1038~m)~in both neiis are characterized by‘iow noturai‘gamme |
radioactivity, high density, high resistivity, and Tow porosity. Basait and

-basaltic andesite flows of the Bunejug Formation have 1ow naturai gamma
radioactivity and moderate to low resistivity while dispiaying a somewhat yr, :
erratic nature on the porosity and density logs. Feisic volcanic rocks
encountered below 2443 m (8015~ft) in the Weishaupt weii have distinctly -

"higher natural gamma, ]ower resistivity, and higher porosity than overiying

\ formations.‘f -

Temperature profiies of both wells show reiativeiy high near—surface '
~gradients of about 300°C/km in unconsoiidated vaiiey sediments to an

L approximate depth of 396 m (1300 ft). Temperature reversals occur between 427




-

~and 457 m (1400 and 1500 ft) and negative gradients to neariy 1sothermai o

) conditionsrexist to approximately 1219 m- (4000‘ft) The lower portions of

both wells below 1219 m have positive gradients of 7,2° - 29°C/km. The ;
maximum recorded temperatures in the De Braga and‘woishauot we115~wereo169°c,

~ and 178°C respectively (Union 01 Company, 1981b, p. 17).
CONCLUSIONS

Lithologies penetrated throughout the upper 732 to 838 m (2400 to 2750
ft) within theyStillWatgr prospect area are terrigenoué'éediments of
Pleistocene to Recent age. A sill of dacite to andesitefcompositfon uﬁth:a“
:thickoess‘Variab1e between 122 to 208 m (400 to 680 ft)'is‘present below the
terrigenous ;ediments.'~3etweeﬁ the base of'the'oili and the top of the
Bunejug Formation are intercalated volcahic'éndlsédimentary rocks. All

formations overlying the;Bunejug'Formatfon aro probably[of P1eistocene'age.

The~bas;1t'and basaltio-andesfte”flows'and ash below aodépth of
"approximateiy 1128 m (3700 ft) aré‘herein assigned to the Buoejug Fofmation
'(Morr1son, 1964) of P11ocene and possibly early Pleistocene age. The Bunejug
Formation is a thick sequence of basaTt to andesite flows and hya1oc!astite
~ exposed 1n the mountains surrounding the south half of the Carson Desert and
mapped by Axe1rod (1956), Morrison (1964), and Page (1965) There 1is
~ extensive exposure of Pl1o-Pleistocene basalt and basa?tic andesite in the |
;Stillwater Range to the east and south of the Stillwater prospect area (Page,
'1965)‘ Page (1955) reports a 488 m (1600 ft) thickness of these rocks ;';

overlying folded Pliocene sedimentary strata.

vThe De Braga #2 well bottomed>in'8unejug volcanics at a depth of 2109 m
(6920 ft). The Richard Weishaupt #1 well penetrated the entife Bunejug




-

sequence and entered felsic volcanics and tuffaceous sediments, which'pcséibly
represent part of the Truckee Formation, at a depth of approximately 2412 m
(7915 ft) ‘ ‘

 The sedimentary and volcanic stratigrabhy~penetrated by the De Braga and
Richard Weishaupt wells is simflaf}to thaf‘penetrated by welis dril?ed iﬁ/the
Soda" Lake area (Horton, 1978 randA Sibbett, 1979) located fough]y (20 miles) "
westward. - The top of the Bunejug Formation lies at a depth of 1400 m (4595
ft) below the Soda Lake area, at approximate1y the same structural e1evation

ffas in the Stillwater area‘

Basalt and andesite encountefed in the Carson Sink #1 well near SodahLake

and interpreted as the Bunejug Formation is at least 914 m (3000 ft) thick and

is underlain by dacite porphyry, which could be Truckee Formation (Horton,
1978). Nearly 1220 m (4000 ft) of basalt and basaltic andesite were
encountered in the Richard Weishaupt #1 well and this unit has been

interpreted as BUnéjug Formation.
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Richard Weishaupt 3 1 De Braga # 2

Union Oil Company Union Oil Company

Pre-Lake Lahontan and Lake Lahonton Sediments:
Dominantly cloy with interstratified tuffaceous
silt and sand. Coarser-grained fractions are
quartzose. Calcite cement is common, Secondary

minerals are pyrite and clays.

Basic to Intermediate Composition Sill: Fine grained,

ral
PO
P': A vli\'; Directional drill 1-2mm phenocrysts, hypidiomorphic granular textures.
A Y’ irectional drilling ! . .
>."¢§\\‘L/_‘¢/‘"§ ‘begins at this point Geophysical logs indicate low porosity, high
o] (29648 density and low gamma ray Count.

Interstratified Felsic Volcanics and Tuffaceous Sediments.
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Bunejug Formation.
Basalt or basaltic andesite Flows with minor interbedded

“mudstone. Basalt contains plagioclase and pyroxens,
abundont zeolite amygdules. Tachylite altering to
palagonite and celadonite. Basalt is multicolored: olive
gray. dark brown, red and green tint. Hematite staining
is pervasive.

DEPTH !IN FEET

EXPLANATION

L]
..... basaltic intrusive

recent lacustrine and fluvial
sand, silt. and clay

m basalt and andesite flows

basaltic cinders

felsic volcanics and tutfaceocus
sediments.

EARTH SCIENCE
LABORATORY
Truckee Formation @ UNIVERSITY of UTAH
Interstratified felsic tuffs and IESy  RESEARCH /N‘.’S‘HTUTE
tuffaceous sedimentary rocks.

Basalt of the Bunejug Formation o 400 300Fset

interfingering within the upper 800 Fft

[¢] 200 400Meters

PLATE 1

True Vertical Depth:9569°

§3(:6'Weltt ond- 357'South of ST".LWATER AREA
e Tocaten A CHURCHILL COUNTY, NEVADA

N METERS

DEPTH

Probe Depth:10.014' CORRELATION OF BEDDED UNITS IN THE




NEUTRON DENSITY SPONTANEQUS
TEMPERATURE CALIPER RESISTIVITY  POROSITY POROSITY . POTENTIAL GAMMA RAY
DEGREES F INCHES M M p 141 k33 { MlLL.%‘QLTS APl UNITS
50 150 5 /O 0O ! o 20 40 ! -40 20 S - DS 10 160 o GEOLOGY 0
1-SCHLUMBERGER 5/3/79] SCHLUMBERGER SCHLUMBERGER SCHLUMBERGER SCH!‘;UMBERGER sp LOG
2-SCHLUMBERGER 5/4/79 | CALIPER LOG DUAL INDUCTION COMPENSATED RECORDED WITH RESISTIVITY
3-UNION OIL €O. 5/23/79| RECORDED WiTH SPHERICALLY FOCUSED NEUTRON LOG 1
GAMMA RAY LOG LOG
400- - : : ] ]
200 E
8001 ‘ . 2 ] ; : :
\ o
‘ :
=3 B-
400 \ :
: == |
1600 ; - 1 . - : .
i : |
1! Ny
2000422 | =¥
| — '
| s 1
2400 i - . ey~ SFL . 4 4 4
; LDt
800 : e ‘
, Iy E ] e - | gl L—J
(33200* S 3 1 ] ] ] ! . w 2
— —.’000 Z - - > Ry Z prd
T = T 3 Z z
‘_:E o b I
- J)3600- & - {1 = 1 1 : 4 & 36004775 N
& e i B
= i
L1200 200
4000 | 4000 iy
1 Ll
[ S Iumn 11 mn fil
4400+ ! - : : : 1 1 - 440011111 ' i
' * ) il
o : ! ' "‘ﬁ'f'sfsﬁé‘um "“ rHoo
: il
4800- l‘ : ] : ] i : 43004 umnm,l
, z ! Hﬂlllllluum h»'
| = 2 : . !
I
o | | .’iﬁﬁ%ﬁ%ﬂ? n%s“x!
) ]
| | e
5600+ i - . 1 ' - 11 i a
| * ’ gt
1800 ! | 1800
!
1
{ :
o0 L - - - - - oo
2000 ! <5, 2000
i
68001 Vo 1 . . : - 6a00
\ ‘ T0:6920°

EXPLANATION

Lil] basalt and andesite flows

basaltic cinders
basaltic intrusive

recent lacustrine and fluvial
sand, silt, and clay

felsic volcanics and
tuffaceous sediments

EARTH SCIENCE
LABORATORY

@ UNIVERSITY of UTAH
RESEARCH INSTITUTE

PLATE 2
COMPOSITE LOG
of

GEOTHERMAL WELL: DE BRAGA+2
STILLWATER PROJECT

CHURCHILL COUNTY, NEVADA






