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GEOTHERMAL ENERGY RESOURCE ASSESSMENT

MO I S PR I AT £ R I T

H. A. Wollenberg, F. Asaro, H. Bowman, T. McEvilly,
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Energy and Environment Div1s1on
‘Lawrence Berkeley Laboratory
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July1975

'ABSTRACT
“This report covers the objectives and the status of a iohg-rahgéf“"

program to develop technigues for assessing the reSource potential of

gp—

liquid-dominated geothermal systems. Field studies_underway in northern

PR

.and geochemical measurements, necessa “to spec1fy a drilling program

encompassing heat ‘flow" holes, deep calibration holes, ‘and ultimately, deep

Tge rhgn el

test wells.7z““i’*"l‘

fThe“statuS‘offﬁevadaffield’activities“is'describedg"The areas'underf

'studyfaré"in‘a‘region7charactérizedVhy'high“heat‘flom where temperatures ‘at -

depth - in some geothermal systems exceed 180°C. Aréas?presentlyibeingf”7
< — <
examined include ‘Beowawe Hot Springs in Whirlwind

AE

Hot Springs, Leach Hot Springs in Grass Valley, ‘and Kyle Hot sPrings ‘in

Buena Vista Valley;ii

Geologic studies encompass detailed examinations of structure and

‘vrlithology to establish the geologic framework of the ‘areas. - The geothermal
NWM

\*//occurrences'are’cnaracterized’by‘zones of 1ntense fault intersection, which
a N N . ‘ -
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furnish permeable channelways for the introduction of meteoric water into

regions of high temperature at depth.

,]‘

Geophysical studies emphasize Eechnigues to measure electrical

resistivity. Comparison is made of induced and naturalrfield methods, and

results indicate that telluric techniques are an excellent reconnaissance

Vv tool. These techniques'appear;to;behmoreﬂeconomic‘and efficient than

bipole-dipole resistivitxwggrgexs,iand_provide the basis forrdetailed

dipole;dipole surveys. The self-potential.method detected strong anomalies,

believed to be associated with upwelling thermal water along a prominent

fault near Leach Hot Springs. Passive seismic monitoring located a zone

- el i 5T st

of gicrogartnguakes south of Leach Hot Springs, and a .zone .northwest.of

Buffalo Vvalley.. The Kyle _Hot Springs -area appears to have little micro-in
earthquake activity.

Geochemical studies have emphasired“analyses[of,tracerelementsrinu

rocks and waters by neutron-activation, X-ray fluorescence, and radiometric

methods. Element abundancesﬁinjnottgnd cold springs are used to estimate

the amount of mixing of near-surface cold waters with ascending hot,geo- .

a2 g i < o g mbt ety

thermal waters. The low ahundance of -uranium in hot springs, ccmpared to

cold springs, together with the relatively high abundance oﬁiuranium_daughter
products;in.some hot spring waters, suggest that uranium nayénelccncentrating
at depth in some geothermal systems. : B R

 Computer models of geothermal systems are being developed, wherein
reservoiriparaneters can“gengaried.: These models will 1"°9¥é°f§t%¢£95934,:;r
field data as subsurface samples .are obtained. : E x,_;::;,

The long—range programcinvolves studies in resource typesfcharacter-ﬂ

S e s e a7

M@fized by different geologic settings. Such areas may inqlgéeutbisgg}Eggi::

O ety S ot o



- -

g : ir_g'ggh in‘ sout'hern California, a ,:}_ﬁegi‘g_nﬂ_ghar,ap;gxized by W
W \é']’.canic‘ actiVi_i:_y; ’a'n area of high regional heat flow, and an active
i t‘jectonicv __éréa of relatively normal heat flow. . This program would span
< ffve years and éost épproximately tl}irty—two million déllars (in 1975
«iqnar_s) . | |
LN
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activ1ties.

yis to develop techniques to 1ocate, delimit, and evaluate the energy_po-

Imnonuc'rxon
An important facet of the Lawrence Berkeley Laboratory s geothermal
energy resource program is the development of methods to assess geothermal

\

potential.‘ In Part One of this report, the status of the on-going LBL

1 . i
field research program in resource assessment techniques is described;

- 3»_1'
Part Two formulates an expanded long-range program of field and laboratory

£En ;j B

A. bjective

The princ1pal obJective of the geothermal resource assessment program

S tiyew

[}

tential of_given goethermal resource s1tes. Emphasis is on the liquid—

;idominated hydro—thermal resource. the_rewﬂprce type expected to furnish

+ SRS

”the bulk of electrical and non-electrical geothermal energy during the next

: few decades.' To best accomplish this obgective,ia comprehens1ve,‘_yste—.

H '7‘

| matic approach is required, 1ncorporating g QQLQL_Q§QR~Ys°ca1 and

k

beochemical techniques to determine locations for a sequence of drill holes.

i&he drilling sequence begins with relatively shallow (“100 m) heat flow

holes whose results influence location and depth of 1ntermed1ate deeper :

1(1/2 to 1-1/2 km) calibration test holes, culminating in the drilling of

] . e
cne or more deep (1-1/2 to 3 km) test wells. Fluids from the test wells

s ~ T
FE) B L

' can be utilized in a field site, testing heat exchange and energy con-

v i

Version methods,‘as well as in a pilot plant 81te. Concurrently, surface -

i~

d subsurface techniques to monitor the configuration of geothermal o

reserv01rs Will be developed and tested at existing resource sites, along

with downhole methods to evaluate the energy potential of a reserv01r.

sende il g




B. The Nature of the'Resource

Geothermal waters can be broadly clas51fied according to their tempera—

St . s

ture and quality (dissolved chemical constituents) e oL

low temperature (80 to 150 C), high quality (<5000 ppm )gal

total dissolved solids),

moderate temperature (150 - 210 C), high quality,

and high temperature (>210 C), low quality (>5000 ppm

 total dissolved solids).

Of these three hydrothermal resource types, the high temperature,

,low quality type 1s conSidered characteristic of one region, the Imperial

e ;-- ey =

Valley. The lower temperature, higher quality resource types are charac-

teristic of much of the western U S., including Alaska. Of these, the low

temperature resource lends itself best at this time to non-electrical util—

1zation, while the moderate temperature resource can be utilized for both
non-electric and electric power production, either separately or in a com-
bined scheme. l

rh comprehensive assessment program must include examination of several

.sites in a variety of geologic terranes. Included among such sites are

those a55001ated with Quaternary 5111c1c igneous act1v1ty, as occur on the

qj?margins of the Great Ba51n and within or near the Rio Grande let zone.

.

of more w1despread occurrence are potential resource areas 1n regions of

generally high heat flow. such as southeastern Oregon and north—central

i, .

A

| Nevada where Quaternary volcanism, 1f present at all is primarily basaltic.

Most geothermal manifestations, albeit of relatively low temperature, are

//

fault zones furnish channelways to warm depths. In these regions,glow

k)
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‘_:g},igation

" tion techniques. ‘71

temperature geothermalrresources'iend‘themaelvee.hest to non-electrical

. LR 4 . oo
oy TR ti e Se IRV R 5 S AT AL T EREU EE R
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studies are to be carried out in at least four 51tes. (l) Imperial Valley,

5, v

(2) margin of Great Bas;n or other area characterized by Quaternary 5111c1c
igneous activzty. (3) hlgh heat flow area, and (4) an area of‘active tec-
tonism, characterized by normal heat flow. Guidance in locating sxtes will
continue to be furnished by the U S Geological Survey, and programs w111
be carried out in close cooperation that agency, employing combined ERDA

laboratory, USGS, and univer51ty equipment and expertise 1n field explora-
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PART ONE' STUDIES IN NEVADA -

o [T N L Bomee iy IV TEETT i

. P LRI S

To 1llustrate the nature of the resource assessment program, the status

of the Lawrence Berkeley Laboratory s Nevada geothermal program 1s descrlbed

of

ln some detall. The Nevada program utlllzes a systematlc approach, incorpor-

ating several geosclence dzscipllnes. Geology, geophy51cs ané geochemlstry

- are presently employed in evaluat1ng the resource potent1a1 of selected sites

i e

1n a region of hlgh heat flow. Hydrogeologic model studles are presently

P, <l

underway, and w111 furnlsh the bas1s for evaluatlon of reserv01r systems

e e e
&

as drllllng data become available.A

oy
o

A. Locatlon :

R ) v emEmne N ) L ¥

The area chosen for the studies, north-central Nevada, 1s characterlzed

by higher than normal‘reglonal heat flow (Sass, gt_gl,l). Temperatures

at depth in some hot spring systems, determined by chemical geothermometers

.

(Mariner, gs_gl.z) exceed 150—170ﬁc, total dissolved solids are less than

« 5000 ppm. Thus, many systems are considered to be in the medium-temperature,

high-quality category. Figure 1 shows the distribution of heat flow in the

western U.S., and the region of high heat flow in northern Nevada. Four

sites within this region, Wh1r1w1nd Valley east of Battle Mountain, Buffalo

e

Valley southwest of Battle Mountaln, Grass Valley south of Wlnnemucca,

g e FRTTE i e

and Buena Vlsta Valley southwest of Winnemucca are under study. These

sites, indicated on the locatlon map (Fig. 2), are all essentlally on

Federal land, and each contains an active hot sprlng system (Beowawe Hot L 4

Springs in Whirlwind Valley, Buffalo Valley Hot Springs, Leach Hot Springs

in Grass Valley, and Kyle Hot Springs in Buena Vista Valley).

B. General Geologic Setting

Active hot spring areas and potential geothermal resourceﬁsites in
e : . - mA
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' defined posit:.on of the 1 5 hfu contour. ] _j;'_‘;

Highest regnonal heat flow———=

Scale

. . 500km
< Heat flow of 1.5or less
, & 1.5 HFU contours
"¢ Heattlowof 25 or greater

i IR S XBL 735-677

‘Fig. 1. jzegionaljneatjlow in the western U.S. (after Sass et al., 1971).

The stippled areas have heat flows estimated less than 1.5 u cal cm~l
sec™l, (hfu) while in ti in_ the ‘dashed area, the "Battle Mountain High" heat
flow probably exceeds 2.5 hfu, Hachured. lines i}gg;gaﬂt‘e the fairly well

P
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the Great Basin are in almost all cases associated with steeply dipping \

k §bas1 gnd ra ge faults (Hose and Taylor ), often at the 1ntersections of

two major orientations of faulti‘g This is exemplified in Whirlw1nd Valley

;(Fig. 3), where the ENE-trending Malpais escarpment is intersected by a’.

Enearly north—south trending fault zone Just to the east of the active

gBeowawe Hot Springs and their accompa"ying blow1ng geothermal wells. The

fault zones furnish permeable pathways for downward;percolat g, meteoric R

water to reach suffic1ent depth 14 to 5 km) in a region of high geothermal

gradient (40 to 60 C/km).. The water is heated, then rises on the upward- g

flowing limb of a convection cell (Fig._4) : Thus, fracture permeability,

afforded by 1ntersecting faults in sub-alluv1al bedrock, is the mechanism o

by which waters can reach depths great enough for heating, and prov1des

channelways for upward transport of hot waters. Geothermal reservoirs may

-

be in fractured rock of fault zones, or 1n relatively permeable beds of

—

Tertiary sedimentary depos1ts and Quaternary valley fill alluv1um.g,ff:

l\C Field ActiVities \”,wl,i;i

-“ Our s1te evaluation program combines interrelating geologic, geophySical,

and geochemical studies., Interpretation of high, middle, and low altitude

aerial photography (much of it prov1ded by the National Aeronautical and

Space Administration) together Wlth surface geologic mapping, discloses

the geologic structure of the areas. This information is used to orient

geophysical traverses and to provide an understanding of the. general struc-

tural setting, necessary for 1nterpretation of geophysrcal results. Confr,'

o—

currently, sampling'of‘countryirock'and hot and cold spring waters, and their

subsequent analyses.by x~-ray fluorescence and neutron activation techniques yield

major- and trace-element‘contents. Information from the geological,
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1
{
- 5 -8-
A

XBB74107334

Fig. 3. Vert1ca1 aerial ‘photograph of Whlrlwind Valley region, Nevada, “from
60,000 feet above surface, showing the association of geothermal area. (center)
near intersection of ENE-trending Malpais escarpment and” NNW—trendlng zone

of en—echelon faults. Wldth of f:Leld' approximately 27 km. o

L]
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" (GEOTHERMAL
"GRADIENT .
40-50°C/ k)

: : ~ . CBB7434509 :
Fig. 4. Schematic cutaway diagram of a. geothermal system withln a permeable
fault.ZOne. Meteoric water enters the fault zone where it intersects near-
surface aquifers. Some of the water percolates downward to regions where
temperatures reach 150 to 200 C, is heated and rises on the upward limb of

a convectlon cell. Hot springs occur where the cell intersects the surface.
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 XBB 737-4663

Fig. 5. Generalized geologic map of Whirlwind Valley area.
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j geophysical, and geochemical activities isscombined to locate several 100 m

: to 150 m deep heat flow holes in each of the areas under study. Results

of the heat flow measurements will, in turn, strongly influence the loca—

. tions of one or more confirmation test holes (~.5 to 1.5 km) which will

 test facility. : f i ‘;; V'f}

be followed by drilling one or more deep test wells (1.5 to 3 km). The

"deep test wells may furnish the fluid for a preliminary heat-exchanger

1 Geologic Studies

Because much of the area is in’ valley fill alluVium, reconnaissance

and detailed mapping relies heavily on the aforementioned aerial photography.

L —

: High altitude (65,000 ft) flights by.NASAlUMZ aircraft _provide regional

coverage of high—resolution black and white photographs at low sun angles
o R
(Fig. 3 is an example), enhancing fault-related features on the desert

floor.¢ Lower?altitude (6, 000 ft above surface) color photography at higher
sun anglesvshows detail associated with faulting on the immediate site

«

areas.w The structural maps of the Buffalo Valley, Leach, and Kyle areas

(Figs. 7 10a, and 12 respectively), resulted primarily from interpretation

- of such aerial photography, followed up by confirmation on the ground of

the presence of the apparent features. Airborne infrared imagery, obtained

by NASA in pre-dawn and mid—day hours, indicates well the known hot spring

areas. It also discloses a hitherto unknown warm-springparea in the west
___Ei_

F portion of Buffalo Walley playa, and ‘a poss1ble warm spot, near the mouth

of Sheep Ranch C‘_yon, in the Vicinity of Leach ‘Hot Springs (Quade and

grexlert). Lo ;:;g

-

a. Whirlwind Valley

The Beowawe geothermal area, approximately 30, ,km east of Battle
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»E'exceed 200 C. (Mariner et al. ), these were. substantiated by’ temperatures

-13-

Mountain, consists of active hot springs and?blowing'hot-watg; wells at

the south margin of Whirlwind Valley, on “the "lower’ slopes ‘of the steeg

LA

Malpais Escarpment -(a .generalized geologic map comprises Fig. 5) The_ !

eology of ‘the area is described by Oesterliqgs. Tertiary vblcaﬁib’éaéks,

1v~:3'."?53??1f".’l.“lr‘.a.-nﬁly,andes:u:ic- but-cagped'by¥basa1t.“have‘beén“tiltéd and ‘frac-

tured along_thesgrgenta.Rim,,bordering the%HumboldE?Riverfvallef;“and:along

e the Malpais Escarpment, prominent to raihicifeatures treﬁdinéﬂENE-ﬁSWi

The, area of active springs occupies a broad: siliceous sinter apron,‘”“'

P

i_approximately -2 km west. of ‘the intersection of the: Malpais and’'a’ nearly ‘

| N-§° trending.zone,ogienfechelon;faults;‘fTheéstructural“setting is illus-

trated on the hiqh,altidude aerial photo, Fig. 3. “'The faultfintérseétién

furnishes fracture 29rmeab111tysinptheewertiary-volcanie rocks and the =

siliceous clastic,Paleozoic-rocks:whichHundérlie'the'vBlcanicsT"‘An 1aé§14

Sl

ized geologic £cross section (Fig. 6) shows the- configgration of’ faulted

i_?ert;ary”yolcanlgﬁbgdrockgunderlying>the,northWard;thinnihg wedge'Of"iﬂw

e
: e [ R Lo 131
oy TR e LA DIITET ) T

 Whirleind Valley alluvium.., . il

Temperatures by chemical geothermometry of hot spring and well waters

O

s ed o

; measured 1n test wells by,Magma Power Company. Hot fluid production, e

¥

; in Wells drilled‘by‘Magma.Power.Companyf?is'predomihantly”from“fracturEd'L

l volcanic and Paleozoic rock on the . footwall side- of the steeply-dipping o

3 faults of the Malpais system (Oesterlihg ). Chevron ‘0il Company “has”

i_recently drilled a geothermal test. hole to approximately 3k, approxi-
} mately 2~km west of the active springs areaj- ‘results of drilling ‘and’ well

* tests have not been disclosed publicly. ' - w**?“”*"'”
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. b. Buffalo Valley -~ = o 37h -0 el

7 :Buﬁfglg_Vallej,is,a,well-défined;infermohtanezbéEihjgiiﬁatéd;35'£6 40
km WSW of Bq@gleruountainffwIté;geologic-Sétting*ié iilﬁéﬁiéiéa on'the

1 -

~geologic map (F§9§q71faqd ag;idea1ized cross section (Figl 8).° The geology

: i i et ! I T S AR ST
has been described in:detail;by;Noble;7v The northern Fish Creéek Mountains,
meen T L - o e R . e Sy )

“bounding the .valley on the:east, are composed pggddmiﬁéhtlﬁf6f’Péiéb£3ic

>

"clastié,qnd»?riassiclgarbonate;rocks; overcapped by-é*ééﬁéfgi ﬁhh&réd‘foot

thickness of Tertiary volcanic rocks, principally ash flow tuffs of Mio-

e

8 . . . BTN :‘ri»r RS g E =
cene age (McKee), - Basaltic rocks of Pliocene age, potassium-argon-dated

‘at 2.6 - 3 m.y. by McKee ,and Archibald {1974, private communication) were

‘extruded from NNE-trending basin- and range-faults w£iéh'cut'£he?eéilierb
Tertiary and Mesozoic rocks on: the east side of the valley.” The basalts
are'exgoseg_ip;wel1—presexvedgcinder>¢ones. A serieé’of'ﬁrbm}heht hofﬁél
faults transects the western portion of the valley; cutting alluvial fan
deposits near and at the eastern base of the‘TObih'Ranée;y*TﬁéiTobiH Range

‘is made up primarily of eugeosynclinal siliceous clastic Edéké?of"PaléOZOic

age.

. Structurally, the valley occupies an asymmetridal”éfében,”bloSed at
its southern end. %As indicated by gravity data of Gréﬂﬁéllf? f§h6wn’inq;
R i . R R . ;e LA ;’73‘7#., t,rr ColEE ;‘—'I

Fig. 9, the maximum thickness of alluvial cover, 1.5'to 2 km, is west of

thq,gggg;aphic axig of the valley, indicating that most %éifié&i*diéii%EéL

ment occurs on the nor;hfsouth-trending,west—siaé”faults;ifpbééfvéa féﬁifg

P

and lineaments on the east side of the,valleyftfen&'NE;Swliééjébiwééi:éidé

faults north of latitude 40° 25'.  The soupherﬁlﬁargih'gf'ﬁhé?éigﬁénfié:

. outlined by a series of east-westrtrendingiliheamentéfmosﬁ”offwhiéhjéféfi

fault-related.} South of this zone of lineaments, valléy'élluVium is
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' CBB-7412-8763A

Fig. 7.- Generalized geologic map of Buffalo Valley area. Legend, QTb: Quarternary-
Tertiary basalt. Ts: Tertiary sedimentary rocks, Tv: Tertiary rhyolitic ash flow
tuffs, - TJi: granitic rock of mesozoic or Tertiary age, TR: undifferentiated Triassic
sedimentary rocks, predominantly carbonates, ~P:. undifferentiated predominantly
eugeosynclinal Paleozoic sedimentary rocks, . Heavy lines: faults, balls on downthrown
side, . Hachured lines: observed fault scarps, Dashed heavy lines: inferred faults,
Numbered crossed circles: locations of heat ‘flow holes.

AN
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idealized cross section BB’
Buffalo Vailey area

N . LT xBLTSI-2025

Q.j‘ﬁ‘fFigﬁ‘BL Idealized geoIOgié cross section along BJBfT(figy_lsi,*Buffalo;Valleyfv\ S

- .. “area.  Qa: Quaternary alluvium, Qf: Quaternary fan deposits, QTb: Quaternary-

' ' Tertiary basalt, Tr: Tertiary rhyolitic tuffs, pT: pre-Tertiary rocks.

-91-
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fairly_thin, covering a pediment surface on Tertiary volcanics.

‘ Buffalo Valley_Hot Sérihgs arerassociated with a recognizable fault,
ertendihg southwestward from the Fish Creek Mountains, as well as with
a zone of intense faulting inferred'from air photo obserﬁation of linea-

ment patterns. Aan eastward bulge of .0ld lake beach deposits around the

B XY

springs ‘attests to the age of the spring systems of at leastgseVeral

tEOusand years. Chemical geothermometry of the low-flowing hot'spring

waters (Marlner, et al) 1ndicates temperatures at depth within . the sprlng

system of 100-130°C (based on the SiO

,,,,,

0, geothermometer) and ~'170 C based

on alkali element ratlos corrected for Ca. Calcium carbonate 1s presently

being deposited at the ‘warm pools. Alrborne thermal lnfraredrsurveys in

ﬁ_pre-dawn ‘hours dlsclosed a warm sprlng 1n the west central portlon of the

valley, approx1mately 5 km northwest of the ‘known hot sprlngs.: Chemical

. e e . et e et i

analysesﬂof this‘sprlngland othe;srtorthe”horth in the mid-valley playa,.
suggested that waters with tehperatures up to7150°C may occur at depth
along a north-south-trending zone ascribed tofa,ﬁid?valleyﬂfault system.
Dlstihctive mounds and accompanying moist ground in the western portion
of the Buffalo Valley playa also reflect the presence of the mid—valley
fault system.

'c. Grass Valley

A potential geothermal resource area.in Grass Valley is located in

_ the vicinity of Leach Hot Springs, approximately 50 km south of Winnemucca.
‘ The'Sonoma'and-Tobin Ranges bound the valley on the east; whilerthe valley
is constricted south of the hot springs by the GoldbanksVHills, locus-of

earlier mercury mining. Grass Valley is bounded on the westrby—the basalt-

capped East Range. The distribution of,major'lithologic units ‘in the

o
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i IR SR R SRS & JRI ¢ SO0 & A KILOMETERS Flsel st o fou L (CBB=751-0049
Fig. 10. Lithologlc map, Leach Hot Springs area. Qal- a11uv1um, Qos: older sinter
deposits, Qsg: sinter gravels, QTg: Quaternary-Tertiary gravels and fanglomerates,
Th: Tertiary basalt, Tr: Tertiary rhyolite, Tt: tuff, Ts: Tertiary sedimentary
rocks, Kagm: quartz monzonite, Kg: granitic rock, md: mafic dike, TRg: Triassic
granitic rocks, TR: undifferentiated Triassic sedimentary rocks, P: undifferentiated
Paleozoic sedimentary rocks.
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K - CBB-7410-7615

Fig. 10a. Fault map of the Leaéh:, Hot Springs area. Hachured lines indicate down-
faulted sides of scarplets; ball symbol 'indicates downthrown side of other faults.
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~region is illustrated on'the geologic map (Fig. 10) and their stratigraphic -
relatlonshlps on the cross sectlon, Flg. 11.; The intricate fault and
lineament pattern is shown on a separate map, Flg. lOa. rPaleozoic siliceous‘
> clastlc rocks and greenstones are theroldest bedrock types in the'region;
iniblaces ln the Sonoma and TobinrRanges,*thexﬁaleozoics are in thrust-
; fault contact w1th Trlassic 5111ceous clastlc and carbonate rocks. The
VPaleozo1c and Trlassic rocks have been 1ntruded by granitic rocks, of
probable Trlass1c age 1n the Goldbanks Hills, elsewhere the granitics

.

iare probably of Cretaceous age. Though not exposed in the Leach Hot

Sprlngs area, Ollgocene~Miocene rhyolxtlc tuffaceous rocks are- probably

," el .
o

present in the subsurface. They are overlain by a sequence of lnterbedded

sandstone, fresh water limestone and altered tuffs, which are in turn
overlazn by coarser cpnglomeratic sedlments (fanglomerates) derived from
mountaln range fronts steepened by the onset of basin-and-range faulting.
The fanglomerates are opallzed 1n places by 51liceous hydrothermal activity
’assoclated with fault zones; occasionally the locus of mercury mlneraliza-
tlon. 0pallzatlon of mercury dep051ts in the Goldbanks Hills and East
Range closely resembles the opalized sinter at Leach Hot Springs. The
Tertiary sedlmentary sequence is overcapped by predomlnantly basaltic
volcanic rocks whose ages, dated by the pota551um—argon method,rrange

from 14.5 to 11.5 million. years. - |

f Characterlstlc of the hot sprlng systemsrobserved in northern Nevada,
Leach Hot Spr;ngs is- located on a fault, strongly expressed by a 10- to
lS-m-hlgh scarp trend;ng NE. Normal faultlng251nce mld-Tertlary has offset
rock units vertically several tens to several-hundred neters (idealired

cross section, Fig. 11). As shown on the fault and lineament map (Fig.

10a), based strongly on air photo interpretation, the present-day hot



»
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'act1V1tY (Majer and McEVilly ). suggestinglthat active faulting may be

. =23-

springs occur at the zone of intersection of the NE trending fault and

; the NNW-SSE trending lineaments. The 20ne'of-intersecting‘lineaments and

scarplets southwest of Leach Hot Springs, between the springs and the

Goldbanks Hills, corresponds to an area of appreCiable microearthquake

3

\ associated w1th hydrothermal actiVity.

Total surface flow from the Leach Hot Springs system has been measured

1la )
at 130 2 min ? (Olmsted, et al., ‘) Surface temperatures of the springs

reach 94 C, boiling at their altitude, and water temperatures at depth

are. estimated to be 155 to’ 170 C, based -on Silica and alkali-element geo-

‘thermometers (Mariner et al 2).; Material deposited by Leach Hot Springs,

presently and in the past, is predominantly 8102

d Buena vista Valley

The Kyle Hot Springs area of Buena Vista Valley is Situated 35 to

V“ 50 km south of Imlay, a crossroads on Interstate 80 approximately 40 km
’xfifsouth of Winnemucca. The area occupies a large eastward "embayment“ of

5:§fBuena Vista Valley into the East. Range, accentuated by the east~west butt- -

ress of Granite Mountain on the south Pleistocene still-stand shorelines"

T‘of Lake Lahontan contour the valley a few km west of Kyle Hot Springs.

Pre-Tertiary basement rocks, exposed in: the East Range, bordering

‘sthe site area, are similar in lithology to the Palezoic eugeosynclinal

4'{ and Mesozoic miogeosynclinal rocks bordering Grass Valley. Felsic igneous

rock of Triassic as well as Tertiary age intrudes the pre-Tertiary sedi-
mentary sequence in aptly named Granite Mountain., ' ‘
Little is known at present about the stratigraphy and lithology of

?ertiary strata in the'Buena Vista Valley area. If Tertiary strata are




KYLE HOT BPRINGS GUADRANGLE

AT NEYADR-PERSMING 10 N

Liiph ERUTE BERIES TTOPGGR AR
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Sl o o : CBB-751-47
Fig. 12. Fault and lineament map, Kyle Hot Springs area. Hachured lines
indicate down-faulted sides of scarplets. Dashed lines are inferred features.
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preserved, the oldest are probably Oligocene and/or Miocene ash flow tuffs
and intermediate lavas. These volcanics may be overlain by coarse fanglom—

Lot

erates with- lnterbedded silic1c tuffs,‘sxmilar to those observed on the

L

- eastern-slopes of ‘the East Range. Basalt, 51milar to that which now caps
the central part of the East Range, may overlie theAfanglomerate-51lic1c
tuff sequence. The mid-Tertiary and pre-Tertiary sedimentary rocks are
covered by Quaternary and 1ate Tertiary sedimentary material whose thlck-
‘‘ness’ increases valleyward from the East Range,ireaching 2 to 2 1/2 km in
the central part of Buena V1sta Valley (Erw1n,12l. - R

Air photo ‘and on#site observations by Noblels, 1nd1cate that Kyle
Hot Springs are localized by intense faulting and,fault 1ntersections;
“these are indicated on the lineament map, Fig. 12 ‘ A prominent ’

system of normal-fault scarps follows the western front of the East Range,

northward from Granlte Mountain, pass1ng east of Kyle Hot Sprlngs. Another

'%*prominent fault system trends southward from near. the mouth of Klondike

~Canyon, thence southwestward to pass through the active hot springs. This
system contlnues southwestward through the old, now inactive, spring area.

The* active and 1nact1ve spring areas at Kyle. then, are SLtuated within
& belt about 2 ‘km long by 1 km w1de whlch containswan unusuallyilarge’:
number of faults and fault 1ntersectlons. Another 1ntense:sone of 1nter-
secting faults is apparent in alluv1um at-the western end and northwestern
“edge- ‘of Granite Mountain. However, fracturing here doespnot appear asgl

intense as at Kyle Hot SPrlngs, evaluation of geothermal potential must

Cawait comparison of geophysical data from the two areas.

‘The active hot springs at Kyle cons1st of quiescent pools, developed

.jy,r

for bathing and "steaming";' Maximum surface water temperature is 77PC'
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total outflow is estimated at 20 l/min, and'temperatures,at depth,w{thin-

‘the sprlng system are expected to be between 170 and 190 C, based on chem-

A 1cal geothermometers (Marlner et al., 1974) The actlve ‘hot springs . are

‘presently dep051ting predomlnantly CaCO ' though opallzed srnter is abun-

3.

dant in older de9051ts and predomlnates at the lnactlve "f0551l" ‘hot

spr :Lng area.

L s . . N . R

Surface‘electrlcal geophy51ca1 surveys and a gravity survey. arevyet

‘ to be done in Buena V1sta Valley. In contrast to Grass,Valley. microearth-
quake monitorlng, by an elght-statlon detector array in the summer of
1974, did not detect apprec1ab1e mlcroselsmlc activity in the Kyle area.

2. Geophysrcal Studies

Geophy51cal efforts to deilneate geothermal reserv01rs in Nevada have
concentrated on technlques to measure the electrlcal conductivity of an
area and to determlne its sersmlclty. The former is important because
electrolyte’ih the pores of a rock increases in conductivity with increase
in temperature, and‘because it has been observed that, in most geothermal
'Joccurrences worldewide{’the reservoir is of higher conductivity than the

rsurrounding cold rock; The seismic studies are important:;n determining
thé'15c5t155 ot active faults which are;be;ievedhto control fiuid flow in

P

geothermal areas:‘ -
Auxrllary‘geophy51cal studies- such as self potent1a1 and, gravrty

have also been undertaken. These methods have prov1ded valuable data for

1nterpret1ng the geologlcal structure of the area and some of these may -

prove to be useful for drrect reservoir detectlon. Studles of the spatlal

~variations in seismic ground norse, in several frequency bands 1n the 1 to

30 Hz range, are belng pursued to test the fea51bllity of thls technlque
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in: geothermal resource delineation. In. addltion, the effect of geothermal

zones on: propagation of teleseismic body--and surface-waves is being in-
vestlgated. Summaries of the geophy81ca1 techniques used and results ob-
tained for three of the ‘Nevada study areas are presented below.

: a," DC Re51st1v1ty

'hEIectricalkresistivity may be determined either by measuring the

fields produced by a controlled current source or by measuring fields

produced by distant natural sources. The most common .of the former tech-

niques, termed the re51st1V1ty method, is to 1n3ect commutated dc current

into the ground between two electrodes and to measure the voltage difference

‘produced between two" distant electrodes.t A reconnaissance version of thlS

method,called b1pole-d1pole,cons13ts of a large current transmitter Wlth

'lelectrodes up to 2 km apart (the bipole), and voltages measured with a

rov1ng receiver array u51ngie1ectrodes 100 meters apart (the dipole).

Reconnaissance technigues have become the most critical part of the de—

11neation program sxnce the typical qeotherma 51te cogprises an ‘area of

several hundred §guare kilometers w1th1n which targets for detailed studies &
T . . , Sxtyq

-g"ab

have to be selected quickly and effiCientAy.

-

In 1973 bipole-dipole surveys covering about 100 sq km at Beowawe and

%kver‘200 sg km at Buffalo Valley were completed.: About 75% of the area )

selected for 1nvest1gation ‘at! Leach Hot Springs was “surveyed in 1974.

At Beowawe surveys were conducted 1n Whirlwind Valley and the.south-r

o ward-sloping dlSSected volanic tableland south of the Malpais Escarpment

-«/"?

Apparent resxst1v1ty contours from a_survey based on a current transmitter

;}at a location south of the escarpment_(Fig. 13) indicate a conductive zone
¥ m————, e et T . —

,corresponding_totthe‘presenteday,active‘hot springs;and,blowing,wellg,»,The
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iRl E f fgé T @ bl
BEOWAWE NEVADA - o 16°30"
BIPOLE-DIPOLE RESISTIVITY | :
TRANSMITTER II

X—x Trahsinittér Bipole Miles
o Receiver Station o o o . A2

Base Map :USGS Dunphy,
‘Nevada -Quadrangle, 1957 -

Fig. 13. -Apparent resistivity contours, Whirlwind Valley area; ‘transmitter
south of Malpais Escarpment. '
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transmitter in Whirlwind valley.
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me51st1vity pattern is more compllcated when contours are- based on'a- survey- -

Wlth the current transmltter located in Wh1r1w1nd Valley (Flg. 14).‘ Here,

promlnent low re51st1v1ty zones are. 1nd1cated northeast of the spg;ngs area

i

and south of the sprlngs, in addltlon to a zone correspondrng to the sprlngs

area. To substantlate thls pattern dlpole-dlpole traverses are ;:§f‘}eq,to“*“

_\__ pr—

e

'transect these anomalies both parallel and perpendlcular to reglonal

x".strlke.l

1,;

Simllar to surveys at Beowawe, blpole—dlpole re51st1v1ty surveys were

conducted 1n Buffalo Valley.;'Resultlng apparent.resrstlvity contours~for

current—transmltters at two dlfferent locatlons are shown on Flgs.,15 and
*"—’W 3

15a. The re51st1VLtz~pattern 1nd1cates no well—defined zones of low -

apparent re51stiv1ty, 1nstead rather broad areas of low apparent resistivity

assoc1ated, most llkely, Wlth electrlcally conductlve playa dep031ts.

,§ Whlle these methods have proven essentlal for prellmlnary surveys,

the blpole-dlpole method suffers from an 1nherent amblgulty of 1nterpretatlon

— i

in-that it is dlfficult to dlstlngulsh between shallow and deep inhomogene-

1t1es. Better 1nterpretatlon can be achieved with the drpole-dlpole array.
'—-———' e ettt

Here the electrode palrs have equal length and are arranged collnearly, the

separatlon between voltage and current dlpoles is an 1nteger multlple of

the dlpole length.

7 Dipole-dipole~reslstivitvrtraverse'lines\transectlné:éufralo Vallevu

are shown on Fig. 16. “An‘apparent”resistiVity.pseudo‘section'along BB'
and 1nterpreted model of a subsurface re51st1v1ty proflle are 111ustrated

on Fig. 17. As thh the roving dlpole re51st1v1ty contours, coherent

zones_ of low res1$t1v1ty are not apparent at depth on the profile. It

~may be -that the electrically conductive near-surface alluvium inhibits

w

*
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Fig. 15. Apparent resistivity contours, bipole-dipole survey at
Buffalo Valley, current transmitter at location I.
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Fig. 16. Dipole-dipole resistivity profile lines, Buffalo Valley.
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Fig;.l7, Computed dipole—dipqle pseudo section and interprétation model,
- profile line BB', Buffalo Valley; values are in ohm-meters. =
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_ taneously with a 60 kVA truck-mounted system. The generator-transmitters
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penetration of electrical current to depths where conductive hot water zones

. exist. Dipole-dipole resistiVity line CC', which passed through ‘Buffalo

Valley Hot Springs, indicated a low resistivity zone assoCiated With the

springs. Comparison of the reSistiVity profile BB' the gravity profile

j(Fig. 9). and the idealized geologic cross section of Buffalo Valley

1(Fig. 8), ShOWS the configuration of the ‘westward thickening, wedge—

shaped prism of alluvium whose thickness is controlled by offsets on

normal faults.

The bipole-dipole survey, as well as the telluric current reconnais-

,‘sance technique described below, showed a complex reSistiVity distribution

‘along the east side of Grass Valley in. the Vicinity of Leach Hot Springs.

lA short dipole-dipole line with dipole lengths of 250 meters and separations

up to 3. 5 km was run on an east-west profile line, EE'Z located in Fig. 18,

""and results, together Wlth the electric field ratio profile, are shown in
’ Fig. 19.7 This line is the first of many such detail lines which are being
',3run at this location to resolve a rather complex subsurface structure.

*lAn example of a satisfactory model for this first 1ine is shown in Fig. 19.

A

Several strong conductivity contrasts assoc1ated Wlth intersecting faults

are promising candidates for reservoir potential in this area.

~ Two motor-generators were used for the dc reSistiVity surveys.,'In

—

3g_fthe bipole-dipole mode, a 30 kVA trailer-mounted unit was operated Simul-

i

‘ﬁ_;are normaﬁly located at sites several km apart. Resulting voltages ‘were
"measured with & clock controlled synchronous detector, the prototype units

_idemonstrated the advantages of electronic Signal averaging over manual

«‘..' vy

~;,averaging-from,chart recorder data.v' ﬁﬁinﬁ; :
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. -38-

¥
%

= Improvements designed to increase field efficiency and ‘decrease

field personnel requirements for dipole-dipole surveying 1nclude a multiple-

‘ conductor cable w1th remote sw1tch1ng of Junction boxes at electrode lo-

cations. - Succes51ve potential electrodes are sampled from a 51ngle posxtlon

< L“" along the cable., This system’ was difficult>to implement due ‘to excessive

electromagnetic coupling into the long wires. The principal source of

;ﬁ

these coupled s1gnals was transients assocrated with the particular form of

rect1f1er-sw1tching bridge used in the current transmitter.:
The computer program for generating reSist1v1ty pseudo sections such

P

as those shown in Figs. 17 and 19 has been developed and is in routine

\:SG .

A catalog of all the models used in interpretations is‘being compiled.

b. Natural Electromagnetic Fields '

Methods using natural electromagnetic fields (telluric methods) have
" obvious advantages over the -techniques discuSSed“aboVe, in that a current

source is not required, and a broad spectrum of enérgy is available. There-
fore, the depth of exoloration can be selected without the need large arrays
required in dc resistivity methods. |

A teggniguewusing natural low frequency‘earth currents has been .devel-
oped which is particularly well suitedafor reconnaissance surveys. Afleap;
froéging array of three colinear electrodes spaced 500 m apart'is employed
to determine the ratio of. the electric field (E) across the leading electrode
pair to the lagging electrode pair. This E _figld"FQPiQME? proportional

to the'ratio of the ground resistivity beneath the electrode”pairs;'

Succe551ve -ratios are referenced to the base, or. starting, electrode pair

e ——

s0 tnat«a profile of relative resistivity variation is produced.

=~ . -The voltages of the:leading electrode and‘the’lagéinc‘electrode:uith

"



»
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respect to the center electrode are fed, respectively, to the x and y inputs

'of a small battery operated x-y recorder. For a monochromatic Signal the

) ratio is easily taken as the slope of the resulting x-y plot. B

' When the ground becomes highly anisotropic it can be shown theoret—

:ically that the E field ratio becomes dependent on the polarization of

2the magnetic field induCing the earth currents, espeCially if the direction

g

'_5of the profile is not in the maximum earth current direction. Further, it

'_vwas found that the ratio is a function of frequency so that. if more than

one: frequency is present the x—y plot becomes a Lissajou-like figure for

X

,which a slope cannot easily be estimated

The field procedure, then, was to take data in profile lines that

.were approximately parallel to the maximum earth current direction as deter-

mined from an initial study uSinq an orthogonal electrode ‘array. Narrow

'fband filtering was used to eliminate the multiple frequency effect. The

i

, dominant frequency was, determined from-a chart recording of the ‘telluric

field as a function of time, and an appropriate band ‘pass was’ selected

about this center frequency. This passband ‘would then be used until the

f

data quality deteriorated, at which ‘time the frequency content would again

be measured Several x-y plots were taken for each location so that a

rmean slope and standard deViation could be calculated The ratios obtained

. S
41 ,'.,.,

'vwith these techniques are generally good to plus or minus 5%.

S :

 The method “is: very successful in defining major conductiVity varia~

tions, especially when compared to the réconnaissance dc resistiVity

methods.' An example of this is shown in Fig. 20, comparing the bipole-

{;dipole, telluric and dipole-dipole data along line BB' at Buffalo Valley.

Q'AThe blP°1e'dlp°{§“£g§i§§£gity wvalues’ for two different transmitters are

¥ . 7 .
IR P . ,—feus:‘gg STy
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resmst1v1ty models along profile line B-B', Buffalo valley.
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;;interpolated ontoAlinelBB"from_the»contour,maps of bipole-dipole ‘data.

Similar excellent, agreement between. bipole-dipole ‘data ‘and ‘telluric

data has been obtained on 76 line km of telluric surveying at Leach ‘Hot

B

'“Springs.v A comparison of,the,telluric, bipole-dipole and dipole-dipole

‘datawis shown:in,EigralQ,Mlmhedtelluric,method;described:here requires

. very simple portable equipment and,ismoperated'bylonlyﬂtwo men. The‘con-

clusion that it can be used to replace- bipole—dipole surveys, which require

heavy high-power generators, electrode emplacement, and a minimum of four

men, is a significant advance in geothermal exploration.::

l The magnetotelluric methodviSra more quantitative method using

'natural electromagnetic‘fields,r In this,method»an;apparentwresistivity'

’of the ground is calculated from a measurement of the surface impedance,

Pl

E/H, of the 1nc1dent elect omagnetic fields., The method is preferable to

£he,telluric'method,because:measurements can-be made at a convenient grid

|of points over_the*area of interest rather than along:a profile; and‘beCause

,absolute values of., res15t1v1ty are obtained rather than relative variations.

‘14 Further, the variation of impedance with . frequency can.reveal;," quantitatively,

Y

'fr the variation of res;stivity with depth in- the section.;

*

“;. A new magnetic field sensor, the Josephson:effect - magnetometer, _was

ﬁiused on .an experimental 20 km magnetotelluric profile in Buffalo Valley.

5
‘,..,

/This sensor provides sensitivities an order of magnitude better ‘than =

i RN

Lexistinq induction c011 sensors . and isfea51er to deploy in the ‘field.’

Using simple narrow. band electronics around the natural spectral peak at

8 Hz, and taking only the scalar ratio of the elegt;ic field 1n the profile

.» direction to the orthogonal magnetic field, the values shown'in Fig. 20 were

T B
: P

The Josephson—junction magnetometer for this survey was loaned to the

Engineering Geoscience Group by AMAX Incorporated.
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. -obtained. - These apparent resistivities at 8 Hz reflect dﬁly:tﬁéfﬁbper

y

. half kilometer of the section ‘and agree very well with the short spacing

i

.-dipole-dipole values.:

- . Magnetotellurics thus promises to provide the best reconnaissance

device for geothermal delineation. With improved data acquisition and
‘processing capability it also promises to provide 'greater detail and con-
ductivity resolution than other reconnaissance tools.

. 'c. . Sélf Potential -

‘Theoretical analysis and some limited fiéld,aéta'hé§h§gg§ésted'that

JRES——

geothermalﬂactivity.mighEﬂresulpVin gn“associaﬁédec field. The sources for

e

~these fields are either the motion of conducting fluids in a pofoué'medium

A

or ‘the result of thermoelectric effects. Due to the great variation of

the fiuid flow properties of rocks, it is difficult tcwyaké quantitatiVe

‘estimates of the streaming potentials in ‘given geolégic situétiong. How~

p—

.ever, self-potential anomalies of several hundred millivolts for known

- subsurface flow have been observed, and anomalies of 50 to 100 millivolts

-.are .often observed in areas of active flow, especially along faults. Thus

véVthe flow regime in a geothermal area may have good self-potential gggiession.

Thermoelectric potentials for a lardge hot buried spﬁefé: ;epresenta-
e R i N TR e e i S

—_—

tive of a geothermal ‘reservoir, haveAbeen:galculaféa“fdiifﬂeiéité’déiipeation

I S

4.

-

study in Nevada.J.(Corw:'m-1 ThiS'study'Sthgqighat”valﬁes:offéeif §6£en-

tial, negative over the center of the reservoir, as great as 60 hﬁqﬁiéht

L

.be expected; therefore, direct detection’ of a hot volume at éeéfh might

.be :possible.:
——————

.. Analysis of self-potential surveys in Buffalo and Grass Valiéyé has

. : 1 ) _.v.‘.
been accomplished by Corwin 4. In general these preliminary surveys have
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st

o E- revealed that: 3
{ F i. Distinct selfepotential anomalies ‘are associated with the
§;f o geothermal activity. ‘Strong anomalies, believed to §¢N§§§39{EESG
P d,;yq ~with upwelling.thermal fluids along a prominent: faultrpa551ng through
| diuu,$44 . the hot sprlngs, were dlscovered g ‘ o -
kS ii. Electrode response to changes inrsoll chemlstry and moxsture
1“ ij%{ j=content appears-to’ ‘be the’ major soufce of 1rreproducib111ty and back-
_ /w2a¢;ff,u ground n01se Ain: self-potential- surveys.»arl'.viﬁ e
lza:w - l' 111.' Long wavelength anomalles assoc1ated w1th deep seated thermo-

A electric sources would almost certainly be concealed w1th1n the noise

——

sources described in 41 and by survey procedure which, in traver51ng

. large distanceslu51ng :short ‘electrode spread,-accumulates significant

k error. T T T }N PR Soer ? s : LT B : T""
. E.ra_vw. s
Gravity data_gere_gggen onww*proﬁile 1n Buffalo Valley. (Grannell )
B

and on the electrical lines in ¢ Grass Valley.. The requlred level.surveyfis

presently belng carr1ed out, so that the field data are not yet reduced to

W\s TN

the standard Bouguer anomaly form.y A rough reduction based on interpolated

elevations taken from topograph1c maps . 15 ln progress,a This;data;will¢be

useful in resolv1ng the complex faultlng in the v1c1n1ty .of; Leach Hot’

RS SR RSN, 4

Springs,

ie,) Seismic Studies - L o

¥

Preliminary surveys of September and December 1973 at Buffalo. Valley

L]

_and Whirlw;nd Valley indicated the exlstence of microselsmlcity near

&

; Buffalo Valley. Consequently, a prOJect of reconnaissance in the: Battle

Mountain heat flow hlgh was conducted 1n 1974 (MaJer andAMcEvilly ) us1ngz
;‘ 8 portable smoked-paper,hafgoo seismographs, _Recording,intervals;Were;i‘

as\fOllows; o ngl,‘ R y . ?.: e
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Buffalo Valley =~ - 3-31 July

< ... . .. Grass Valley . - 1-30° August
Kyle Hot Springs. .. -~ . . 2-12 September -
N..Pleasant Valley '12-1558eptember’5rﬁ‘;: R

. ! |
1 .

Results of the 1973 surveys indicated that a one-month recordlng

perlod in each area of interest was required to locate a reasonable: number

of hypoCenters. The f1e1d,techn1que was‘to record 1nit1ally 1n"a valley

i

w1th a very wide statlon coverage, process the data as qu1ck1y as possible,
" then modlfy the network to concentrate on any clusters of mlcroearthquakes.

Gain levels were‘generallymlggwdec1bels at goodﬁsltesv(yagnlflcatlon

of 1.5 X10° and 6 X 10° at 5 and 20 Hz, respectively) ~with ﬁi;ﬂzpaSS
filters set at 30 Hz. In Buffalo Valley, however,wlogydérand 10 Hz filters
were required at many sites because of hiqh backérOﬁnd roise (dae to the
' larger alluvial filled valley). B | o
At the 108 dB gain level, (4.5 Hz vertical geophones were used),
the magnltude threshold (central California ML equlvalent) correspondlng to
- about 2 mm amplitude on the record is approxlmately -0.5. A |
Hypocenter location computatlon was compllcated by lack of velocity

e T ST

information in the region and by severe lateral variations in velocity due

to the thick valley f111 which thins to zero at the valley edge. A series

of numerical experrments with P and S wave arrivals was»requlred to deter-

mine the best location techniqce.‘

“The- field effort detected two activ1ty clusters, one in Buffalo o

Valley and one in Grassivalleyﬁr Station locations and microearthquake

activity zones are shown on Fig. 21. Fifty-three microearthquakes were

located out of approximately 100 detected in Buffalo Valley duriné'the

recording éeriod. Two methods of estimating the hypocenter locations‘
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Flg. 21. .Station locations and zones of mlcroearthquake act1v1tyﬂ

(shaded) 4in north-central Nevada.
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were employed. compressional (P) wave arrivals only,:and comhined com-
pressional and shear (S)Awaye arriyals.r Thé“two“different methods daid
not agree. U51ng P tlmes only, a cluster of shocks was located in the

-

northwest quarter of the Buffalo Springs quadrangle on the west edge of

the valley. 051ng P and S t1mes,,the cluster moved out of the array

—

' some 8 km to the northwest into the Tobln Range.
et

The fault plane solutlons us1ng P—locatlons were 1ndeterm1nate, con-

ORI SRS

sxstent w1th errors in the locatlon of the foc1., However, normal faultlng

along the west boundary of Buffalo Valley is con51stent w1th the data

\ Wadatl plots (S-P vs P. tlmes) 1nd1cate normal P01sson s ratlo of

P e

0.25 throughout the area. The ve1001ty model adopted for hypocenter

-locations is:

h(km) ~ a(km/sec) s B(km/sec)
1 . 2.8 | | 1.6
3 a7 2.7
half space VG.O‘ _ o 3.5

Statiohrcorrections determined.from»teleseismic and'regfoﬁal events
ranged to 0.25 seconds near mid-valley and were applied to'thevarrival
times.r |

Thigtyéfivewmicroearthquakes were located with the Grass'Valley
array;‘ When_the P 1ocations Wer?m9°mg§£§§,59-2mand Svlocations there,was

general agreement. The mlcroearthquakes seem to be occurrlng ‘in a tri-
angular reglon bounded by Leach Hot Sprlngs, the Goldbank HlllS and Pollard
Canyon. The fault plane solutlons 1nd1cate normal faultlng strlklng from sW
>to'NE through Leach Hot sPrlngs dlpplng 45° = 50 to the SE. ,Agaln, the

velocity: structure 'shows no anomalies; the Poisson ratio is 0.25. The

velocityzmodel'foroBuffalo‘Valley was used;inwérassrvalleyl Statlon
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“icorrections’ were not applied in the ‘location computations in Grass Valley.
S LR ‘Tb*éhéék’theléﬁafialirélationéﬁlp;of?ﬁﬁe;éiﬁsteQEWfouhd in ﬁﬁéLiegion
encompassing Buffalo, Grass, and Buena Vista Valleys, one large-scale array

was installed reoccupying several selected stations in Buffalo Valley and

i wiGrass'Valley, plus-an additional station in Pleasant Valley. This config-

- 'uration ‘permitted simultaneous récording of the larger events in the three

- . S e
vy e O T

valleys.

~Fir 'Five -évents ‘were recorded ‘and located in a four day period. P and S

“locations agreed well with P locations and all the‘épiééﬁters'wefé’in the

~ same triangular cluster area found in the Grass Véliéy“study. The same

f—

,velocity'modeliwaé‘uSed*énd"WadatiYdiagrémé%édaih‘éhbWé&Tndrﬁﬁianisson's

?raﬁiofof¢0£25.>5‘

;;rf_;?:xIﬁgguﬁmaryraieas°6f’éétehse*hiéf&éérthﬂaké‘éé£i§i£y aré,loca£éd

. }iin'the Battle Mountain high' heat flow region. * Microearthquake clusters

| were detected in the Tobin Range west of Buff;l&’Véiiéy}'and:fnfdfaﬁs:'

—

5 ] valley s6hthWé§t'bf"Leééh:H6%'Sﬁfiﬁésﬁ”*There%wégihb'éﬁﬁrééiabiéwmicroearth_

i;quak:e: activity in the vicinity of KyleHotSpr:Lngs. “Hypocenter precision

.3%,{withtthe:téconﬁéi§saﬁce3hét%brﬁ*is not sufficient for detailed mapping

“of "fault surfacé geometry because timing resolution is limited .(0.05 sec).

-

sétting;, due’to rapidly varying thickness of low-velocity valley fills.

fJ;Sgétion*cdfteéfiéﬁs*éaﬁ"bé;dététﬁiﬁéd'fr&ﬁ”reéibﬁéiféﬁ&jééieséiéﬁié:P;éave

arrivals and some velocity information may be obtained from blasting at

£ T T

~ local miness ¢ 7

v*«»fh’}g-ététidh‘rédib‘linkéa'ﬁetﬁorkkhas‘ﬁééh fiéia;téétéa*and f§Ahow

being ‘used for detailed studies of the seismic activity groundnoise, and

2

wagnatéral'vg}déity*@afiaﬁiéhé aré"gééeig?iﬁnthefﬁaSihfahd'ﬁéﬂgé geologic
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. variations in velocities and attenuation characteristics. in all the.above
~ areas. This system will also permit analysis.of the.ground:noise in geo-
. m§m1 areas. ST T T AR TS £ SR S 4

. f.. Heat Flow Measurements -

In the fall of 1974 three holes were drilled in Buffalo:Valley, pri-

R

marily to measure the temperature gradients in and thermal;gqndugtivities

ey

of soils and rock within the upper 100 meters of valley—fill material.

- The product of temperatu;eAgradientijdeq:ees,c\pgr unitvdistapqe) and

thermal conductivity (cal ﬁc'lcmffseqfr)vis heat flow (calrguEZSec'fQQr

heat flow units, hfw).. .. = e rie
This is the initialus;age of—a cooperative heat flow:measurement

e

pfogram betweén the USGS and LBL. At Buffalo Valley LBL contracted the
drilling, and USGS completed the holes for permapentﬂacpgss,,obtained
elecf:ical, radiqactivity, and tgmperature'Lpgs,,and performed subsequent
conductivity measurements.

‘The hole locations are shown,pnrphe geologic map (Fig.:.7), -and varia-

tions of temperature with depth on Fig. 22. Hole #1 was drilled.approxi-

mately 500 m east of the easternmost pool of Buffalo .Valley- Hot- Springs, in

U SV c e e

an areazof knpwn warmth,hdisclo§ed by previous USGS;heatnflowimeasurements
(F. Olmsted, private commnication). The hole bottomed at_approximately 62
meters in alluvigm after intersecting a ~20+m—thick;zonegéfﬁhérd,baéalt;'
‘g_yottom-hole temperatgre wasu125°c and the,thermal,éré@ignt,nbserved;in;the
upper 35 m was 1495C>kmfr. Hole #2 was drilled ~2 km wesf of the hot-
springs thermal anomaly, to observe "background" heat flow invvalleyrﬂ,
}glpviuq away f:om hot sp;ings., Tptal'depthrreached was.  ~118 m, where

the bqttom,bole_temperature<wasllst; observed thermal gradient .was.,:@- -

s
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Fig. 22. Downhole temperature logs, Buffalo Valley heat flow holes.
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70°C km~'. Hole #3 was drilled on a low mound in the northwestern portion
- of "the playa at the intersection of the nbrthérnfpfbjeC£iéhmofuth;=mid-

i ;ailey fault and the northern electrical res;stivity préfile 1iné pD'.

;; Total depth was 98 m, bottom holéltemperatuié 21°é, and thermal,gradient
107 C Kt . ’ B | a

| Laboratory measurements of tﬁermalfcoﬁéuctivities of core éamples
,éré given, together with calculated‘heétffl&ﬁs, on Table 1. Theé@éighted
: réean heat flow of 3 hfu in hole #3 aé'thé'hqtth end of Buffalo Valley
'élaya is consistent with heat flow vaiuesjméésured by Sass gE_g;Al ;n
' ﬁoles in basemen? rééks bordering valle&s in.the Battle Mountainffé;ién.
fhis value can be‘considéred as typical "background"” heat flow for the
érea. The comparatively low vglue for hole #2, ~2 hfu, is lower than ?
expected for this region, especial;y given its much ;loser préxiﬁity £o
fhe active hot springs than hole #3;“,A po;sible égpiénation for the low
?alue at hole #2 may be that it is situated on or near a downward:iimb
of convection §f the hot springs system. 'It contrastsxsharply Wifh the
rélatively high value, 4.6 hfu, in hole #1 which is definitely within

the positive thermal anomaly associated with the hot springs (F. Olmsted,

private communication).

¢
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Table 1. Buffalo Valley Heat Flow -
: Thermal Calculated

Hole ' Lithelogy conduct1v1ty P .heat flow

(m cal C cm sec ?) W(ucal cm*sec™!)

. Basalt, p =.2.7 .. 45 .. ... .. .67 . . 4.6 weighted
o e SR s : RIS : T ean

»

,}Siltygsamd, 62 m . 2-65 i 3.95

..2 ... . Clayeysand . ,2.5-2.6 . . .1.98-2.05

o e L R Pran d : x : ' : 3.0 weighted
Silty clay . .. ... 2.6-3.4.. - ., .2.8-3.6. - .. mean

I

of added"interest is e ~1 to 2 m—wide”éoﬁeVof high-gaimma radioactivity
Veneounteredﬁet;abobthQ,m*depthwlggholef#3i;suggestlng?that radioactive
vmeterial*was.eeposited'ln the‘pastzby*e mowfiﬁéctive:hothPrihg*éystem.
‘}*@ gn'oldizls—m-deep,testzhole,»grilled by=the'Saval.EeﬁChiforVevaluatiOh of
rwater:resourceé:infthe:west—valley:fahlﬁq20ne,§wi11’be:probed”to¢acée§sible
'ieﬂdepth~5y the: USGS “in the neer‘future;‘previﬁingﬁalﬁbackground"*thermal
f.sw;gradientéméasurement’om the west side;of,Buffalo ValleY:-?iﬁ desits S
3~Tﬁe aBSencefof‘anomalduslyfhighfheetxflow 1n‘thefnerthérﬁ portion of
‘aBuffalo Valley, as well as closer to the active ‘hot” 3pr1ngs, substantiates

~fthe suppos1t10n from 1nterpretation of: geophysical ‘surveys’ that ‘a- geothermal

[

'5utresource;a1f present.in‘BuffalovValley,nls~relatively ‘diffuseé “and . probably
'pot of high temperature. R D e e R
@) In' the Spring of 1975, the heat 'flow program"%es continued in Grass

Valley, in cooperatlon w1th the U S Geologlcal Survey. Holes exceeding 150m

were drllled at seven locatlons. Inltlal temperature surveys have been con-
ﬂp_ducted;»and results:await'further'temperature measurements and thermal con-

Quetivity determinations.
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3. Geochemical Studies
\»Nuélear‘aﬂélyiicéi techniéuéé in use at Lawrence Berkeley Labbratory.
provide quantitative measurements of elementai ébundance§<invwater, fock,
and soil sémples f:om geothermgl'areas. A number'of“bbténtially diagnostic
elements have been determinédﬁﬁhich heretofore have not been utilized in
geothermal applications.

The major trace, and radioactive element abundances including noncon-
é;nsible gas contents, of hot and cold spring waters from geothermal re-
séurce aréasfin‘north-central Nevada are being studied. As well as pro-
viding subsurface geothermometry'and brine quaiity aaté;ythese studies will
serve as a baseline for the evaluation of the environmentalfimpact df

geothermal resource development. - -

2. BAnalyses of Spring Waters and Associated Rock Units -

. Water-analysis techniques include neutron activation, soft x-ray

(Hebert and Streetls), and gamma ray spectrometric analysis. These methods

“.are capable of analyzing over 50 elements in a sample if concentrations

are great enough. BAbout 15 elements were usually detected in the normally
basic hot waters, and substantially more in a single acid pool ‘at Beowawe.

Sampling locations at hot and cold springs in the Battle Monntain'high

heat flow region are shown on the map, Fig. 23. Preliminary results from
..-initial chemical analyses of hot and cold water. systems, and their assoc-

-.-iated rocks-and:spring deposits, from four"geothermalrareas;ithevada“suggestv

that this type of data may lead to indicators of: B

(1) The temperatures and rock types within the geothermal |
: (2) Theréizéfand depth of the éanectihg éyétem.
LD (3) The extent to which hot and cold waters mix.
. {4) The amounts of valuable elements and compounds in

these waters.
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CBB 752-1128

Fig. 23. Water sample locations, hot and cold springs in north-central Nevada.
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-(5) The extent to whlch noxious and hazardous materlals
 are released 1nto the env1ronment.;7', Bk

(i) x—ray Fluorescence Analysis

Thls technlque prov1des analyses of the major element components of

water and rock»samples. Drops from flltered or unfrltered water samples f

are evaporated onto lexan plastlc dlSCS, elther at the sampllng s1te ‘or in
the»laboratory. Results of the analyses furnlsh data for estlmatlon of

temperatures at depth 1n geothermal systems, u51ng the geothermometer

" based on dlssolved sxlxca, as well as that based -on alkall element ratlos,

corrected for calcium contentt— Silica contents and temperatures of hot and -

e

coldrsprings within a hydrologlc»reglonrcan;be enteredplnto mlnlng,modelsv

eveloped by Fournier‘et a1;16,'yielding estimates of the7degree of mixing

of the waters and the temperature at depth of the: unmlxed hot water. Such ‘
an analysrs, based on prelrmxnary s111ca content data- for the Grass Valley
'area, lndlcates that temperatures of the deeper waters of Leach Hot Sprlngs,

fprlor to mlxlng with near-surface cold waters probably exceed 200 C.

; (11) Neutron Actlvatlon Analys1s

iA high—precision neutron activation technique»deVeloped for analysis
of pottery"(éerlman and Asarol’), was used in thesefmeasurements:” Evap-

orates from water samplesmangwpowders from crushed rock and s01l samples

- were made into pellets and 1rrad1ated along w1th a comp051te standard pelletr

in the Triga Research Reactor at ‘the Unlverslty of Callfornla, Berkeley. ;
Nearly all elements in the samples have their counterparts xn the standard,
and the abundances were determlned by comparlng the actlvated gamma rays

emltted from the unknowns and standards. This method is capable ofpg“_ -

tatlvely analyzing 1n excess_gg,iﬂ_elemgnts in a sample. In rock samples,

173

"
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more than two dozen elements can be determined with precisions of less

o than 5%, and a number of these are determined to better than l% (Bowman,

et al.%e). = %

"

»

Table~2jsh0ws\the‘abundances of some of the elements in hot and cold
pring waters measured by neutron activation ana1y51s. Tungsten was un-~
usually hlgh 1n abundance in the hot waters but not in cold, while con- R

éj versely, uranium appears to be nearly absent in the hot waters. In two

9%'areas, uranium was detected'at the level of "2 to 5 ppb in cold water=and i

ff not. detected in the hot spring waters. Attempts are being made to cor-

ﬁ; relate the uranium abundances of hot and cold springs with measurements,;

» of radon and radium in the springs to determine the minimum age of the )

hot aquifer and the hot water flow rate.

if; Figure 24 shows the uranium content of hot and cold sprlngs ‘in the
areas surrounding Kyle, Leach Buffalo Valley, and Beowawe hot springs.:“
The cold springs at Kyle and Leach have apprec1ab1e uranium, but uranium

. was not . detected in ‘the hot springs.» In a carbonate-dominant hydrothermal

H (

system, this might be expected since uranium has a retrograde solubility in

the carbonate form Uranium can also be reduced from the +6 state to the +4 o

l

| and precipitated in the presence of st ‘

- 3 f?f 1? 2;l From these uranium data along w1th assumptions based on the radium -
and radon measurements (Wollenberg ), one may be able to estimate the hot
L LN ;‘ -

wi water subsurface-flow rates or, conversely, the amounts of uranium accumu-

3 L lated at depths.%

Buffalo Valley Hot sPrings (a)

Figure 25 _shows abundances of a number of the more prominent elements

*found in four separate hot pools at Buffalo Valley hot springs. LSodium i
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Elemental abundances and prec1s1on of measurement

TABLE 2

“in hot and cold spring waters ‘as measured by fheutron act1vat10n

R 3 S o < s had
§ @]  Spring
o O .
8 -é_ Sl temp U W Mo Sb Ba - ~MNa. cl
(]
S R (Y] F/N! (ppb) (ppb) (ppb) (ppb) | (ppb) (ppm) (ppm
Nt Lo e S “HOT SPRINGS ~ -~ o
Buffalo | 15-1 S 72° Fo|.<.16 2933 ol v < Gata s | 148220 ] 26444 2742
Valley | 15-4 65° F <.18 | 324 <1 4043 134220 | | 272%4 2542
15-5 68° SR e 14 4T isas 0 | Rer | 2ad2 [ 127820 |7 275 2442
15-6 72° F | <.08 . 27%3 422 4123 | 157420 2634 2742
Kyle 1. F. | $.7- . 80#15 .| <2 .| .81 ~--{ 550450 ‘| .:569%13 | 721%17
Beowawe | 10-2f . -steam | - .F | “<.16 132814 ['1241° | 10%1° 5780817 | 268%5° 6413
10-2 steam <.6 13544 | 1281 | 11#1 | 48225 | 26535 | 67%3
10-4 88°" S -oF < .26 147415 | 19%2 1340 | 6124 2074 56+3
Leach 23AB| “75° F | .10%03 84110 .87 9.3%.7 186+13 149+2 251
23AB 75° N .40%.03 94411 9t6 | 1341 286%15 . | 167%2 27%2
23B 95° F < .28 2413 1341 13419 126420 8741 12¢1
23B | 95° N .35+,06 4435777 | 7148 15611 | 214222 | 89%1 131
6-3 94° F <.25 | 75148 1341 177412 182#14 7742 12#1
6-1-f> 79° F .08%.03 1" 1202 1.5+.5 1041 166111 15923 261
COLD SPRINGS
Grass 77 F . |1.52%.03 <1.1. <.7 <.3 [ 121%9 32.9%4 5612
Valley
Buena |#2° F  [3.07%04 <2 2.3%.8 < .4 87114 80+2 8242
Vista - ' o o '
Valley |#23 2.72%£.04 <.8 2.7%.7 <.35 47412 7341 73%
Buffalo F17* F |2.04%.02 3.0t.5  |2. 0£:3 541 187:5 17+1 221
Valley 17 ©[F] |2.03:.03 | 2.7s.5 |1.8s. 47 Lo, 1597 18:.2 22+1
18° F | 3.4z5 2t1° 12.4:1.0.} <2 ;). ..69£16 133+2 105+3
218° 'F .37£.01 351 |< .2 1.0+.4 653 5.8t.1 4.1:.3
227 < UF.. |-.56%.01 < .7 < .4 ] 1805 7| 114,742 22.5:+.6
16° F .14+.02 .9+.6 1241 47:10 4811 4741
Crescent| 12° F |1.441,06 2.9+.3 31 |1.0¢.4 7321 | 19242 1234
Valley R B '
L s L - COOL:~ WARM SPRINGS™ ' /" _
Buffalo | 1977 25 F 1.1:.02 6.8t.8 14%1 <.6 , 116 761 19+1
Valley [20!! 12 F 46£.07 . . 253 61 . |:o<l . ;-}.058226° | . 319:4 | 246+7

““
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'(vco.nt'd)l P O ET ST

F - filtered water sample, N - unfilteréd water sainple,
indicates duplicate sample. |

Leach, Mudsprings. o~

Kyle, Kyle cold spring.

Buffalo Valley, Buffalo Springs.

Buffalo Valley, Buffalo Valley Windmill.

‘Buffalo Valley, Frank and Helen Canyon.

Buffalo Valley, near Buffalo Valley Hot Sprmgs -
Buffalo Valley, Fish Creek Mountain Sprmg :
Crescent Valley

Buffalo Valley, South Sprmg, west of Hot Sprmgs
Buffalo Valley, North Spring, west of Hot Sprmgs._. -
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URANIUM (PPB)
~ Hot and Cold Springs

Lha mTE

: W e 8
SRSy : ; . i ER

—T<}

N

i : . . ; L e it g e . i - o i . 4
: " g E L i 5 3 N : L . o : y g

METINITHSIITT YA

Fig. 24. Uranium abundances (ppb) in hot and cold springs at four  CBB-747-4760

geothermal areas in north-central Nevada. C-cold springs, H-hot
springs, tails of vertical arrows indicate detection limits. -
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. Fig. 25. - Abundances of the most prominent elements found in four ‘separate
' hot water pools at Buffalo Valley Hot Springs. Surface water temperature
.. is shown on each bar graph.
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and chloride abundances obtalned by the U.S. Geologlcal Survey from a ‘separ-
ate pool (Mariner, et al. )u51ng conventlonal methods, are shown at ‘the top
.of'Eig. 25 for comparison. The slight chemlcal varlatlon’wrthrsurface‘
water temperature.is thought fbfbé insignificant;i‘Rathernoreclse,determina—
-tions such as these may be useful 1n determinlng rock types and tempera-
tures at depths 51nce the behavxor of these: elements 1n feldspars has.been
studied under‘hydrothermal condltlons (J.»I. Ilyamaqu; These data sug-
gest that the four nools,studied at,Buffalo Va11e§ hot sprlngs are‘fedxh'

from a single source.

Leach Hot Springs: (b) heoo o

Three sprlngs were sampled at Leach hot springs; thelr analyses are
shown in Fig. 26."Con51derable varlatlon'was found The hottest sprlng
had the lowest abundances of Na, cl, W, Br, Cs, and Rb The varlatlons
observed here do not appear to be related to ground water mixing with the
hot water system.. Typical cold-spring elementalrabundance5~in this;area
are: Na (29t1 ppm), Cl (56+2ppm), W (<3 ppb), Br (118+2 ppb), Cs (.23%02

ppb), Rb (3. 7+6 ppb), Ba (75%10), Mo (<2), and Sb (<0.2 ppb)

Beowawe Hot Springs (c)

Eiéure€27fshows the chemical abundances‘in water,ofmthree separate
hot springs in the Beowawe area. The bar labeled "ST«"~epresents dataﬁf
from a blowing water—steam well. The low temperature sprlng (78 C) . was
found to have a. pH of about 3, qulte dlfferent from all of the other hot
springs tested which were in theirange 6 to 8. »

H P

Disregarding the low témperature, unusuallylacidfspring;{one}can con-

sider the;differences found in the other two sources in terms of ground-

water mixing. Elemental abundances for:W, .Sb,:As, andfMo?from a nearby

<

[



" Sodium (PPM)

|
i .
Lo . gl 3 ey o

' Fig. 26. Abundances of prominent elements in
. Leach Hot springs. ‘

CBB-747-4762

three separate hot pools

at
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CBB-747-4758

Fig. 27. Element abundances in three separate hot sources at Beowawe.
. ST.- blowing hot-water-steam well.- o - -
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‘,deposits at Kyle are dominated.by;CaCO

-63- -

'lfwell were <1, <,3, 4*]1 and <2 ppb; respectively. The waters from these
'f'pools arefprobably‘not;responsible for the elemental abundance variations

';fOund‘in the two hotter sources;

Kyle and Brady Hot Springs (d)

' Only a single sample was taken from Kyle Hot Springs and a blow1ng

well at ‘Brady. ~No cold spring samples were taken from the Brady area.

: The'hbt water results are shown in Fig. 28. In general, the elemental

abundances at Kyle and Brady are much higher than: for the other hot springs

sampled. Spring deposits at Brady are Sioz-dominated while the most recent

3° The greater Ba Cs, and Rb abun-

dances at Kyle probably reflect the high concentration of CaCO3 in the

water.ix~

Rock Analyses (é),

Rock samples from the probable source terranes for the geothermal

3

'} waters were also collected. The location of sampling 51tes 1s shown in

V ’W:Fig._zg.: These data are quite exten51ve. 'Analyses and interpretation

‘ are{inﬁprogress. Only a brief. description of some of the findings is

“‘given here.

The very high uranium and thorium abundances in the Fish-Creek-
Mountain-tuff near Buffalo Valley reflects 1ts rhyolitic character.
Typical uranium values are 20 ppm wh11e thorium 1s as high as 85 ppm.

The high uranium content of thls volcanlc ash may be prinCipally respon51—

ble for the ‘relatively high uyranium content of a cold spring in ‘the north-

5.gasywportion:of_huffaloAValley. ‘Many other heavy cations were found to be
very abundant in the tuff. Of the Yare-earth elements, europium is de-

_3p1eted considerably. This is termed a negative europium anomaly and is
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Sod:um ( PPM)

uscss
£ Kyte

.- CBB-747-4756-" - * -

‘Fig. 28. Element abundances in a hot water pool At Kyle Hot Sprlngs and
in water from a blow;mg well at Brady Hot- SPrJ.ngs -

y
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‘quite evident in acidic igneous rocks when their rare-earth contents are

normalized to rare earth abundances in chondrites. 1In general, Eu anom-

alies in-magmas -are 1ndicative of exten51ve differentiatlon under the low
o1 i

- 4_'pressure conditions where feldspar is stable (Philpotts, et al. A

b,b Geothermal RadioactiVity

Early in our geothermal studies hot—spring areas in northern Nevada

;:pwere v1s1ted to evaluate 51tes for a field’program. The radioact1v1ty of
J‘%E;the spring systems was studied with the expectation that knowledge of the
‘distribution and abundance of radioelements may disclose the plumbing systems
;;jioperating beneath the springs, equally important, an assessment of the | 4
Eé'ienV1ronmental impact of a geothermal development project requires an under-

7;standing ‘of its radioactive setting.' Detailed results were reported by

19

= Wbllenberg ai

The hot-spring areas examined to date are shown on the location map

frl(Fig. 30) and are listed by names on Tables 3-and 4. at the sites field
'gamma radioactiv1ty was. measured w1th a portable 3 in. by 3 in. NaI(Tz)

' scintillation detector coupled to a count~rate meter. Field radioactivities

were measured over hot pools, sinter (sio -rich), and tufa (CaCO —rich)

2

v*‘?fdeposits, and also away from the spring areas to obtain background values.
F}Samples of: spring-deposit tufa, Sinter, spring—wall muck, and water were

' collected at all sites, and on return to the laboratory, were analyzed for
"238 232

40
U, Th, their daughter products, and K by gamma-ray spectrometry

(field and 1aboratory instrumentation and procedures have been described
)
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A;Lupletely separated from its paren

‘waters, and deposited W1th CaCO
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(i) Field Measurement Results

P i . - (U S .,,.,.»M..,.gw R

Table 3 summarizes the field radiometric data; radibactivities are
expressed in microroentgens per hour {(ur/hr):, based ‘on calibration of the
i - E: !
field instrument (counts/sec t°,Ut/hF)yW}thé3 radium source of known strength.

,Immediately apparentfis tﬁe"assoéiatibn of‘high,radioactivitiesé'“anomalies,"

B E . “3 S
5 5 sy 07 [ 3

with CaCO 3~rich spring depos;ts. Theﬁéreatest radioactivities,f250-500

s

ur/hr, were observed over hot pools (75 -90 C) at Kyle Hot Springs where

CaCO3 is being deposited, while the 1owest values, two orders of magnitude

lower than at Kyle, were measured OVer hot and boiling pools and s111ceous

H

srnter at Beowawe Hot Springs. In no case was there any apparent connection

between surface spring temperature and” radioact1v1ty.viht Buffalo Valley

and Kyle Hot Springs, CaCo -rich sites, sharp field-radiometric anomalies

‘3

were:. detected downwznd from pools, 1ndicat1ng the emanation of 222Rn from

S

the waters and spring walls.;‘ ~;f L VA :

(ii) Laboratory Measurement Results,ll

(a) Spring Deposits _ : ,xiﬁ’h » }f

Table 4. summarizes laboratory gamma—spectrometric analyses of spring-‘

deposit materials.u As W1th the field data, the high radioactiVities,

attributable primarily to "equivalent u," are associated w1th the calcareous
hot-spring dep051ts. Siliceous dep051ts are comparatively low in U and Th,
and most have Th/U ratios sxmilar to those of ordinary siliceous rocks.

~The uranium values in Table 4 are listed as equivalent because they

‘are . based on the gamma-ray peaks of 21%g3, one of the radioactive decay

v'products of 225Ra.w Radiumr226, in some chemical environments, may be com-

t 2380, transported in bicarbonate-rich

3 ‘on spring walls 1n the upper portions of

jba spring system (Tanner,zs)I” Therefore, the high apparent U in samples of
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Fig. 30. Hot spring areas examined for xadioactivity in northern Nevada.

Numbered springs:

1) Big Sulfur, 2) Elko, 3) Beowawe, 4) Spencer,

- 3) Diana's Punchbowl,: 6) Darrough, 7) Buffalo Valley, :8)—Gol"¢:onda,”if'if‘-l

9) Pumpernickel, 10) Leach, 11) Fly Ranch, 12).Ger

lach, 13) Brady,

- 14).Lee, 15) Wabuska, 16) Steamboat, and 17) Kyle. . -i. &

L
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Field gaﬁma radioﬁetrywof sbring areas.
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Location

Gamma exposure rates (uR/hr)
General )
background

Anomalously

high radioactivity

Remarks

Spring syatems where CaCb zs the predbmznant dépostt

Gerlach

o ‘Gerlach' ‘
’ ;;;Fly Ranch .. ‘
“fﬁxyle ;

Elko
Buffalo Valley

Punchbowl
Wabuska

Darroughs

3 Darroughs
ib Golconda

. Puiipernickel
.. Pumpernickel

Steamboat
Steamboat

6.25 - 7.5

-6.25
12 5.
7.5

6.25

~ 5.
o 5l

3.75
15
10

12.5;

“7.5..

1

1§l

b

s -
2

13.8 -

2_5

2.5
6.9 -

'"; 8.75

25
10
7.5

310:»

6.25

20

12.5

17.5

10 -

Sprtng systems where S%O

7 5
2 5

60 -~ 65
20 - 25

None apparent:
. 250 = 500

19
30 - 38
> A9

16 e

None apparent
5

None apparent

(375 - 375

17 5 - 22. 5
17 5

2 ts the predomznant depostt

Tufa, hlgh rad. zone

Mlxed 51nter and tufaf

Travertlne

i0ver radloactlve pools

Tufa -at edge of pool o

Tufa mounds

._;Tufa ‘at edgeof P°°1
"springs at base of,

tufa mound f "
Blowing wells § H
Edge: -of fenced pool ,
Modetately blow1ng;weli

;Pools and 'intercon-
‘necting streams

§Sma1l pool

woﬁtflow stream ! 3

Slnter soil o ,
S;ntex apron é

Ande51te, escarpment 4
above blowing wells =

¢
i

Sinter

iSinter

Tﬁfa‘and sinter
Edge of pool , é
Main terrace 91nter

Altered granitlcs,é
west area, blowing well




Table 4.

[

Laboratory gamma spectrometry of spring deposits.

4

1\»‘,

: T Equi;alent,’ | u ‘
I | Th U K - 22°Rax  “m/y
Location Description (ppm) (ppm) (%) . (pCi/qg)
o : Spmng systems where CaC’O ‘Ls the predomnant deposzt _
Gerlach Tufa,’ high radioactivity zone 113.41 109.25 1.02 39 . 0.12
Lo Predomlnantly Si sinter, some tufa 2.38 33.3 0.41 12 0.07
Fly Ranch Travertine : 2.14 10.99 0.02 . 4  0.19
Kyle Calcareous muck from spring walls: 11.62 76.32 0.16 27 ; é 0.15
Travertine away from active sprlngs g 0.19 4.0§ 0. 09‘ 1.8 ., 0.05
Elko Tufa , 312 7.60 . _ 0.07 2.7 0.4
Buffalo Calcareous muck from a small mound 45.89 "25.49 0.21 9.2 . 1.80
Valley Predominantly tufa,: some Si sinter 6.20 65.67 0. 35 23.7 0.09
Spencers Predominantly calcareous mud 10.92 11.54 1.51 4.1 i 0.95
Golconda Spring wall tufa 31.20 469.6 - 169 ; 0.07
,Pumpernickel Calcareous muck from small pool 6.33 8.19 0{@61 2.9 j;0.77
Spring systems where S7,02 18 the predomnant deposzt A
Brady " Mud from hot vent . 6.32 2 93 0.41 ;  '2.15
Beowawe Andesite, escarpment above blow1ng 15.99 3.2§; 3.74 . 4.88
o wells’ : _ " B SRR R
Sinter’ soil, vicini;y of hot pools 0.91 0.37 0.40 S 2.43
Big Sulfur o S 5
(Ruby Valley)81nter 0.18 0.11 0:16‘2 1.60
Leach. Sinter . 1.08 0.72: 0.35 1.50
Lee Sinter ; 4,76 2.49 So1.11 1.91
B ‘Tufa and sinter A £ 3.7 5 ©11.67° - i~ 0.51 - 0.31
Steanmboat. Sinter, main terrace : S 7 0:30° 1.42° 0.13 0.21
' Sinter and altered granitics, west area 8.10 4.90 1.13 1.65
*Calculated from activities ratio, 226Ra/23°U = 2,78 x 10°.
n

-0L=
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226

calcareous deposits actually indlcates Ra anomalles. Uranium—238 or

zzsRa are m1551ng.

‘its decay products hlgher in atomlc mass uumber thah
This was disclosed by examlnlng hlgh-resolution gamma—ray spectra of the
calcareous samples, counted on a Ge(Li) detector system. ‘
(b) Waters

Samples of water, approxlmately 550 ml, were collected from all of the
springs for subsequent 1aboratory gamma-ray spectrometry.; Radon—222 was in-
ﬁ dicated by the presence of the 1.76~MeV peak of 21"BJ. 1n the ‘gamma - spectra
‘ofzseven of the water samples. Several days elapsed between collectlon and
‘labbratory analysess Therefore, it is expected that: in some ‘'of the waters -
_2{?Rn activity }a43,8-day half-life) had decayed below detectablllty. Re-
-peated;gamma'couhtihgvof samples from some of the springs showed that the
'1?1“Bi-activity deéayedlwith the»Rnihalf¥11fe,5indicating‘that there was
little or no **“Ra in these waters. Otherwise, .Ra would have resupplied
" Rn, eventually achieving radioactive equilibrlum'betweenvthese isotopes.
?he 214p4 activities of the measurable water saﬁples are listed in Table 5;
they should be. consxdered in the relatlve sense, pendlng callbratlon ex-
4periments. There is no apparent correlation between the rad1o-act1v1t1es

of the'waters and those of the calcareous hot-sprlng_deposits.

'(iii) ‘Radon Alpha—Track Survey

Alpha-track detectors for radon—222, prov1ded by Terradex Corporatlon
ahd General Electric Company, were placed in the ground near and away from
fradio—actlve warm pools in Buffalo Valley, Nevada (Figure 31). This area’
,1s .a good test site, because ‘of the sharply varying- gamma-ray flelds
measuredvat the springs. Subsequent etching of.the detectors revealed

“high track densities at locations near the pools and a tenfold decrease
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TableéS. . Radioactivity of hot-spring waters.

R " Net radioactivity in 1.76
Location S _ Mevigeak,of z{gBii}cquntsv
e R ST min~ g_)).,a L y .
Gerlach ' ' . Loil7
Kyle | | .0179
Buffalo Valley | .0034
" Golconda . .0070
Pumbérnickel: )
. Small pool. . : . .0362 - ¢
Outflow .0162 :
Lee - .0166

aCorrected for 3.8-day half-life decay of 222pn.
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 Fig. 1. 'sketch mis,of Buffalo Valley Hot Springs area, showing locations

. of some of the warm pools, .temperatures, and normalized track densities.
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ih track densitiesfin detectors away  from the:pools. In the southern'part
- of Buffalo Valley, relatively high track densities reflect the proximity of
the detectors to comparatively high-radiocactivity rhyolitic tuffs which
underlle valley alluv1um and are the source of most of the alluv1a1 material.
’Wlth the exception of the hot sprlngs -area and a sxngle 51te northwest of
the springs, the contoured;radon track density fleld (F}gure 32) is fairly
featureless in the regiou surveyed.f Uranium cgntents:ofESOil samples from
track-detector holes do not correlate with: alpha—track den51t1es, indicating
that a substant1a1 portlon of the radon measured comes from sources deeper
lthan the soil surroundlng‘the detectors. Th;spﬁork-Was reported 1h:deta11
by Wollenberg 4. A |

(iv) Conclusions

1) Radium preferentially assoqiates with Caco3éin the'Nevadthot-

-spring deposits,
2) Where siliceous and calcareous materials are mixed in a hot-spring

deposit, the calcareous material has the highest radioactivity.

3) Low-flowing CaCO_-dominated sprihg systems are the most radioactive.

3
4) Radon alpha-track detectors, presently used-to delineate concealed

- uranium deposxts, are also sensitive to radon emanation levels assoc1ated
‘;‘with radxoactlve geothermal systems.

~ Tentatively, it may be concluded that waters in some of the CaCo3-

L]

Vdominated hot-spring systems dep091t 226

Ra near the surface of low—flow1ng
- springs. “Most of the 222Rn observead ‘in these waters is probably derived

from decay of 22°Ra deposited on the spring walls.
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© Fig. 32. Contours of radon alpha-track density (in tracks mm ', normalized to a 30-day
exposure) in Buffalo valley. ‘
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rtInrsummary, field'&ork‘tg date in northern Nevada has‘included regional
andrdetailed geologic studies, electrical, seismic, gravity and heat flow
Vmeaenrements, and geochenical and radiometric sampling and anaiyses. These_
dstudies are EOntinuing witthore emphasis‘placed"onwnatural'teiluric currentv
*'measurements to dlsclose zones. of low electrical resxst1V1ty at depth.
"More detailed microearthquake surveys w111 monitor seismic act1v1ty in
potentlal geothermal ‘site areas, and reglonal and localized heat flow
patterns w111 be discerned. Contlnued geochemlcal sampling and analysxs
w111 emphasize the interrelationshlps between trace and radloelements, and
'thelr appllcatlons to geothermometry and dellneatlon of geothermal channel-

ways. Hydrogeologlc mode11ng studles w111 progress from formative stages

- into development of useful tools 1ncorporat1ng borehole data.—

\\\\\\\\\




;,at least five years, is an expansion of the existing program, described:in

. the preceding sections. . It involves, essentially, the development .of tech- .

_regiohs of contrasting geologic character. If sufficient funds are avail-

=77~
e R TR I STATE S AT ;-PAR;I‘ TWO: . LONG-RANGE :PROGRAM :jc: - iorg L dr sl by
‘A. Introduction. ., . . ... .. :;,i,;' Lreereeesmis ar ek

- R,a@qugftenge program‘fo;;geqthermai resource assessment, to :encompass,

[

niques for assesSment\gg;the hydrothermal liquid-dominated resource, .in

able, Studies cah‘be conducted concurrently in parallel operations in at
least four regiensé ~the Imperial Valley; a region characterized by Quater-
nery silicic volcanic activity, such as the western.margin(efvthe Great
Basin; an area of high reglonal heat flow, such as north-central Nevada,
or parts of southeastern Oregon, and ae area of active tectonism, but of
reletively normal heat f;OW!,FYP?fleqnby~m9QY locations in the central
Grest Basin. :

In this sectiohractivitiesrwillipe outlined, their time sequence
erranged, and their bﬁdgetrestimated. |

B. Activities | e

Activities encompass almost the full spectrum of geoscience technieues,
from high altitude photography to surface. geological, geophysical, and geo- -
chemical surveys, to shallow, intermediate, and deep.QriLling,,tConpurrently
tﬁroughout thqﬁé;gqram,viabpxetquﬁfeciiitieséa;e.gtiiiged,forﬂchemical and

radiometric analyses, as well as for determination ef physical properties

oflsamples: cqmputer'facilities are employedvtquevelopqqeophysical and
hydrogeologie models; and to subsequently refine‘themﬁqsidataAis received

and digested.

An outline of activities coﬁprises most of this section. Geological, .
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' vgéb§hysica1 and gedéhemical:téthniques have been described in some detail

"in the preceding sections on the status of field activities. -In tﬁis section,

- along with the outline, amplification will be given regarding aspects of

<idrilling, hydrogeologic techniques, reservoir monitoring, and research and

' “davelopment wher in industry can play a major role. ' These aspects have not

I.

R 5 8

. B,  Self Potential

‘Geologic Techniques

“I'D. - Magnetics

" been covered in sufficient détail in’preceding sections.

boon g

‘1. OUTLINE OF ACTIVITIES

- A.'" Structural Analysis

1. Airphoto coverage

‘Low sun angle: Regional high altitude
' Local low altitude

High sun angle: Regional high\altitudew
' " "Local low altitude '

- B. Geologic Mapping

©1. Photo interpretation confirmation
‘2. Lithologic contacts
3. Igneous relationships

C. Bge Dating (see gedchemicai)

" Geophysical Techniques (includes reservoir monitoring applications)

A. Resistivity
1. Induced currents:- biﬁqle—dipble;‘ﬂipole—éipéié:C e
‘2. Tellurics

‘3. ‘Magnetotellurics

C. Electromagnetics

e
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E. Gravity ‘. .
F; Seismic |
1. Microearthquakes
2. 'Seismic noise
G. Heat flow (see Arilling)
H. Airborne Multispectral
1. Infrared = . .. b .

2. Microwave
 I. Radiometrics (see geochemical) .

Above includes data acquisition, data reduction, modeling, interpretation,

and réport.
IIT. Geochemical Techniques(a detailed plan with costs is pro?ided in WASH-

1344, "A Recommended Program in Geothermal Chemistry, 1974).

”ﬁf%?ﬂﬂ; A, ‘Spring éﬁd:wellfsampiing'anaiAnalySeS“"f:
1. Hot springs major elements

trace elements © -

2. Cold springs isotops ratios
. | radicelements ..

B. Rock Sampling and Analyses
,,1iaxMai5Fv€1?m?ﬁts,;s};;ej R
2. Ttace e1émen§§'; ' L
3. Radioelements

C. Field Atmospheiic and Soil Gas Sensing;;gﬂ;

1. Hg .
27. Rn
3. Others

D. Age Dating , f\_yl_g‘i SR
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1. K/Ar
2. Rb/Sr o S
3. Fission track ‘
E. Isotqée Ratioing
Oxygen
Hydrogen
_F, Analyses of heat flow hole samples
G. Analyses of calibration hole samplesﬂ
H. BAnalyses of deep test wells -
I - Rare-gas Sampling‘énd'ahaiysés R
Drilling
- A."Heéﬁ Flow Holes
1. Logs> |
Natural gamma, moisture, resistivity, self potentlal tempera-

ture, caliper, llthologlc

2. Samples ', B
Cuttings, cores, water

3. Repeated temperature measurements
4. Lab analyses

Thermal conductivities )
Chemical analyses of cuttings, cores, water (see geochemical)

B. Calibration Test Holes
Same sequence as above, plus phy51ca1 propertles of cores, downhole
sonic, sidewall sampling

C. Deep Test Wells
1. High temperature logging
2. Flow tests

Hydrogeologic Techniques

A. Modeling Studies; develop models

Variables: temperature, pressure, por051ty, permeablllty, llthology,
flow rate

y
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B PR
PR

s B, ©Test Hole Data
v Input from heat flow holes, calibration holes, and deep test well.

VI; Reservoir Monitoring at an Ex1st1ng Resource Site .

A, Surface Measurements

, l} Resistiv1ty grid

2; Microearthquake grid r
. E. Subsurface Measurements
' "l:: Periodic logging of producing wells
ﬁl;: Eeriodic sampling and analyses ey g
}Vllrji Industrth and D Pro:ects R T T a.q;ﬁﬁ TR N
- ‘VHJA?; Loggingwin Hostile Environments -
T :d 1. Survey of state of art -
- B 2;i R and D progection pertinent parameters .
e _ts;"Down~hole sampling
L ot mmeoran

2.. R and D project on pertinent parameters

[ o A LRl L RF e s LA

EERT ST UG R RO BRI PO VI F L SR ERRS I

2. Amplifications

s

.. a. Drilling . . .
PLIET e Lk R S TR s ]

A numbe of l to 1 5 km-deep holes are proposed The  purpose. of these

'if:ls, !

,holes 1s to furnish subsurface geological, geophysical and geochemical

data, to compare w1th data presently being collected by surface surveys.

su e

Results of heat flow measurements 1n shallower holes w1ll strongly 1n—

sant w £38

-fluence the location of these calibration holes.g Of primarywinterest are
electrical properties of subsurface materials and their comparison with

‘_deep resist1v1t1es estimated by surface bipole—dipole,‘dipole-dipole and

telluric measurements. An understanding of the lithology and physical




properties of near surface and deep alluvial'material; Tertiary sedimentary

‘and volecanic rocks, and’ pre-Tertlary bedrock is necessary for proper inter-

- pretatiOn and evaluatlon of surface geophy51ca1 technlques. Informatlon

from these calibration holes, from shallower heat flow holes, and results of ‘

surface geological and geophysical surveys shall be combined to ultimately
choose the locations-for one or more deep testAwells:“ i ’

Holes will be 500 to 1500 meters deep, depths to depend uponvs1te
geologlc setting and drllling condltlons. Hole dlameters w1ll be slim,
-5 to'6 inches. Provision w1ll be made for corlng at about 30—m lntervals,
push or pitcher samples in alluvial materlal, dlamond dr111 cores in sube
alluﬁial bedrock. Where available, samples of’flulds encountered will be
obtained for subsequent laboratory geochemical studies.rréuchistudies on
cores and fluids will help calihrate prOposed ceothermometers, especially
those based on trace elements. Upon completion'of drillrno, downhole
logging will include active and passi&e'radionetrics; sonic, electrical
and temperature measurements. Holes will be completed so that access
remains for subsequent logging, either in lined or unlined portions of the
holes. :

Other activities in connection with the calibration drilling include
measurements of rocﬁ”properties, and:interpretation of downholepand lab-
oratory'datai: Rocf‘propertles”eualuatedJwillHinclude(litholog;;tthernal_
conductivity, porosity and permeahility. thterpretatlon ﬁiii”iAQalée‘a
detailed comparlson of subsurface physxcal propertles, llthology, and .
‘structure with results of strface geophys1cal and geological surveys.dﬁ

“The decision to dr111 one or more 2 to 2 1/2-km~deep test wells o

will depend on data from the callbratlon holes. Logglng °Perat10ns, S

o

L/}

1§ ]
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}similar to those in the;calibratibn<hoies, will.be;conductedvihfthe deep

f;;g;test wells.  On completion and perforation, well production will be tested,

and if the site is determined viable, a second.well will be drilled- for re-

Jggiﬁjection~ofsfluids, associated;wiphza field test facility.

b,g»Hydrogeolqgic Techniques G el R A A R

- Successful assessment of a geothermal resourqe,requixes{anfunderstanding

,of,itsahydrogeoldgic;setting,.and the effects of p;gduction:of,fluids,on the

setting. Computer modeling studies are underway to test the reffectsof

.. production on several parameters in a confirmed reservoir. Variables .in-

clude proportions of liquid and vapor phases, tempgraturé;‘pressure,;pcrosity,

permeability, lithg}qu and flowTrgtg,tbgﬁtwq—dimensional finite-element

matrix is'used,in{the modei,?and:resulting;gomputgrqplptg;showvlocations

.....and magnitudes of effects of production with time on the above parameters.
; magnltudes ot , 3 th .

When the confirmedqresetvoir:models‘are‘sucdessfully,refined,-thegstudy will

.+...expand to include effects of-reinjection, and natural replenishment,of
sfluidS-infmore‘complicated,geoloQiC¢s§ttings;i:Thermodels,wi11~be;Satisfac-

f»ﬁgrilerefined‘tofaccommodate-data~from~ca1ibration.holes’and'deepntest

i cwellse-vp T Cevnad teap Teemoe oo T ibeTeo s L P

¢, Reservoir Monitoring .« i it onoso monaivn Doy

Surface and subsurface techniques to monitor the configuration, volume,

"pnd qﬁélity of a geothermal reservoi:;@sfpgqquctigpfpgggeé@s;fcah'bést be

;déVelopédfat;QQELQS.more,Sites of existing: production. . Ideally, techniques

’ should;be}dgvelopedJto;enccmpass“theavarious;hydrothermal’resburce types.
‘Presently,ﬂprbductiéh is;limitéd;to the Geysers-Clear Lake and Imperial

.;1;Valley:areas.;«The~1a§§e:m§;eqrgffords-manygoppdrtunitigSitoldevelopvmon-

<v/— .
itoring methods at sites of widely varying Salinity and temperature. -
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‘-resistivity ‘at depth on a'grid pattern, incorporating'a  fixed bipole-dipole

array, '‘and dipole—dipole:transects;frChagggg;in“thgn§pb§g£fa¢e9apparent

resistivity configuration,»ifToccur?ing,'will be correlated with well pro-

duction data. Concurrently, microseismic activity, both microearthquake

and 'noise, -as well as teleseimic -activity, will be monitored by a fixed

Aw

-telemetered :geophone ‘array.  -To furhish a baseline for evaluation of sur-

“face technigues, producing wells will*be*loggedfperiodicg}}y; and -side~

putg i e,

-} wall samples of material from?the'pfoducing zone analyzed ‘to -observe changes
‘in formation properties.

d. Industrial R and D Projects

.- Of pertinent importance to the successful assessment of geothermal

~ resources are problems associated with logging and sampling in high temper-

\

‘ature, downhole environmqus; - Sectors of industry should be encouraged

to attack these problems, and design and construct equipment- and ‘components

capable of obtaining meaningful data and samples in regimes where tempera-

tures: exceed 150 to 250°C. ThisrprogFam should begin with a survey of the
states of the‘art of downhole 1qgging and sampling, critical areas defined,
aAd ?rqjects scoped to develop and test components at existing sites of
varying properties.

C. Time Sequence of Activities-

The accompanying chart illustrates the sequence of activities' for
fiscal years 1976-~1980 at a site characteristic of'a given geothermal -
raSource.~”The'héédings'are keyéd to the outline of ‘activities in‘the

- preceding section. The time pgriod encompasses six years,-thduéhfiﬁépéction

of the chart indicates that most of the program at a site can'be

Sy

th
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TIME CHART

Time chart of activities at a site characteristic of a given resource. Fiscal Years .
are 76 through 80, though at one resource-type area, northern Nevada, a large seg-
ment of the program is already into the second year, . i

z

FYme: Fyir | Fyms  FY19 | Fyso

I.___ Geologic Technigt_xes T ; ‘
. Literature search ' !

. Structural analysis . " : { ;
Geologic mapping 7" - 3. %

Interpretation 7o
. Report......

mEoWR

IO.  Geophysical Techniques .
. Data acquisition: /.07 ; ROt / R SN
Data reduction @ /57 , '9.9.0.9.0 ‘ ‘o, SeE R S B
Modeling = im0 . P30:0.0.0.0.0.0.0.00.0.0.000.0.0.00. SN LS SN
Interpretation - ¢ - A e sooooehoooootooaak | T
Report . bl B ] B SR R OO

MU.OCU‘b

.
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II. Geochemical Technigues A _

A, "Spring and well' sampli.ng ):9.9:9.0.0..9.0.0.4
' and analysis - ‘ ,
Rock sampling and analysm XXXXXXXXXX ‘
Field atmospheric sensmg ; ,6.9.9.0.4.0,
-Age. datmg S
Isotope ratioing
Interpretation of A thru E
Report :

Heat ﬂow hole analysis

momHDQ

I. Calibration hole analysm
J. Deep test well analysis :
i ) i




IV.  Drilling (including logging, samp-
ling, data analyses)
A .- Heat flow holes
B, Calibration test holes ,
' C 'Deep test wells }

. Report covering I II oA thru H,
:j and IVA and B |

v, Hy_drogéologc Techniques

~A,; Modeling studies
‘ B Borehole data*

VI, Reservoir Monitoring
--(existing resource site)
A. Surface measurements
-1 Resistivity grid
‘ ¢ 2,7 Seismic grid
o ‘B. Subsurface measurements
: 1, - Continuous logging
‘2. Periodic sampling and
.~  analyses -

VII Industry R and D Projects

:A, Hostile environment loggmg
1. Survey State of Art |
'2,"R'and D project ;

B. ' Down-=hole sampling i
5 I Survey State of Art

"2, Rand D project

TIME CHART

FY76 FY77 . FY78 FY79 FY80 -
é
b:0:0.1:9:0.0.0.9.4
In second half of fr;urth'(4th) year. SURIRT
o ‘ )QQQQQQQQQL ,:9,9.9.9.9,9.0.0,94 ),9.9.0.0,0.¢
AARAXXXXXXXXX] JQ()QL)Q&XX) > 1
D.0:9.9.0.0.9.0.0.0:).0.0.0.96006 604 2.0.9.0.0.¢.¢ i :

y
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accomplished within five years. It is proposed that this sequence of
activities be conducted at at least one site in each of four geothermal

resource types. At one resource-type area, northern Nevada, a large segment

.of the program is already into ltS second year. ‘At Long Valley, on the

western margin of the Great Ba51n 1n an area characterized .by Tertiary and
Quaternary 5111cic volcanic act1v1ty, the USGS is conducting an in-depth
multidisciplinary program of assessment of regional geothermal potential.
Similar programs, where the resources and expertise of ERDA laboratories
may be utilized, are inﬁtheir early stages in the Coso Hot Springs and
Geyserstlear Lakehareas of California. |

D. - Budget Estimates

The accompanying tables show estimated budgets for the geothermal

resource assessment program, based on two modes of operation. Table 6

‘illustrates expenditures -as if concurrent examination of four s1tes ‘was

begun in FY76. In this mode almost all operations would be completed by

the end of the fourth year. A stretched—out schedule 1s 1llustrated on
Table 7. Here operations are carried out in‘parallellat twokof the four
sites. The sequence begins with parallel operations at two sites, and
within the second half of the second year, parallel operations commence

at the- other “two sites. fTh15~may be the more realistic mode of the two,
primarily because the same drill rigs and same drilling materials could

be employed at more than one' s1te. "An obVious disadvantage of the stretched-
out mode is the 1ncreased length of the overall program, operating in periods

of greater cost escalation; It should be noted that cost escalation has

not been taken into account on the tables, a11 figures are in 1975 dollars.




Table 6 R .
r BUDGET - RESOURCE ASSESSMENT
NORMAL SCHEDULE

(in thousands of 1975 dollars)
Four Sites - Parallel Operation

Fiscal Year

1976 1977 . 1978
I. Geologic Techniques 560 600
II. Geophysical Techniques 1,950 2,900 ° 2,950
III. Geochemical Techniques 350 450 300
IV. Drilling | 1,700 6,500 7,500
V. Hydrogéorogic Techniques 425 700 700
VI. Reservoir Monitoring ' 650 900 900
VII. Industry R and D projects 130 250 120 -
5,765 12,300 12,470 -

TOTAL

S-year Total $32.145 M

w

1979 1980  Subtotal
1,160
7,800
110 1,210
15,700
700 350 2,875
450 2,900
: 500
350  $32,145

1,260

~y




II.

III.

o Iv.f

R

L vII.

Geologlc Technlques‘

Geophysical Technlquesf"
vGeqchemlcal\Technlques;
wDrilling :

}‘Hydrogeologlc Technlques

Reserv01r Monltorlng

*“Indust;y R and D‘PrcjectSt

© TOTAL

7 BUDGET - RESOURCE ASSESSMENT - -
' - STRETCH-OUT SCHEDULE

\ (1n thousands ‘of 1975 dollars)
Four Sites - Two in Parallel Operatlon

Flscal Year

FEN

_'ié7é -11977 ¢+ 1978 | 1979

320 © 580 . 260 »
1€iogf 71,700 © 1,700 }i;joo
iéos1 M&,;; 26o B fizao. : éso
: 1,§oo" f 4,000 - 4,300 13,760
400 f i 630 iﬁ,?530“ ¥‘630
2505, . 600 0 600

130 220 ¢ 100 - 50

1,600 .
| :2405,
f:z,ioo .
630

600

4,250 7,990 7,850 6,930

‘ Sfyear Total $32;190 M

AW

5,170

1980

\\\\\

‘éubtotais

1,160
7,800

1,210

" 15,700

2,920
2,900

- 500

32,190

_68-




10.

11.

Jdla.

-90-

REFERENCES '

(in order of appearance)

Sass, J. H. et al., 1971 Heat flow in the Western United States
Jour. Geophys. Res. 76 (26), p. 6376 6413.

Mariner, R. H., et al,,1974, The'chemlcal composition and estimated
minimum thermal reservoir temperatures of the principal hot springs

of northern and central Nevada, U. S. Geol. Surv open file report.

Hose, R. K. and B E. ‘Taylor, 1974, Geothermal systems of northern

Nevada, U.S.G.S. open file Report 74—271.

Quade, J. and D.«Trexier,,1975} An(anaiysis of the-airnorne data from
NASA's Mission No. 268 over geothermal areas of northern Nevada,
report to the LBL Geothermal Group.

Oesterling,fw. A;,71960, Arealfgeology of the Géysers andrﬁiEinity,
Eureka and Lander Counties, Nevada; geologic map;:Southérn Pacific

Co. Mineral Resources Survey.

Oesterling, W. A., 1964, 1965, Reports and lithologic 1ogsﬂof Beowawe

test wells, to Sierra Pacific Power Co.

Noble, D. C., 1974a, Reconnaissance geological study of the Buffalo
"~ Valley area, northern Nevada, report to LBL'Geothermal Group.

McKee, E. H., 1970, Fish Creek Mountains tuff and volcanic center,
Lander County, Nevada, U. S. Geol. Surv. Professional Paper 68l.

Grannell, R. B., 1974, A regional gravity survey of the Fish Creek
" Mountains and surroundlng area, north-central Nevada, Abs, Geol.“

Soc. Amer. Cordilleran Section 71st annual mtg.

Noble, D. C., 1974b, Geblogic history and geothermal potential of the
Leach Hot Springsiarea, Pershing County, Nevada, report to LBL
Geothermal Group.f‘ ‘ )

Majer, E., and T. V. McEvilly, 1974, Seismic reconnaissance in Nevada,
report to LBL Geothermal Group. ok

Olmsted, F.H., P. A. Glancy, J. R. Harrill, F. E. Rush and A. S. Van-
denburgh, 1975, Preliminary hydrogeologic appraisal of selected



12,

13. %

14.

15.

16.

17.

18.

19.

20.

21.

22,

-91-

~ hydrothermal SYstems in northern -and central Nevada; U.S. Geol. Surv.-
.“open-file Rept.’ 75-56,u, 8 e : . .

:Erw1n, J. w., 1974 Bouguer grav1ty map of Nevada. Wiane@ﬁcpa Sheet,

Nev. Bur. Mines and Geol. Map 47 o

Noble, D. C. 1974c, Reconnalssance study of the geologlcal settlng N
and fault control of the Kyle Hot Sprlngs geothermal area, report
to LBL Geothermal Group. i

Corwin, R., 1974, The use of the self potential method for geothermal
exploration; report to LBL Geothermal Group.

Hebert, A and K. Street, 1974, Non-dispersive soft x-ray spectrometer
for quantitative analysis of the major elements in rocks and min-

-erals, Anal. Chem. 46, p. 203.

Fournier, R. O. et ai., 1974, Geochemical indicators of subsurface

temperature, U. S. Geol. Surv. Jour. of Res. 2 (3).
Perlman, I., and F. Asaro, 1969, Pottery'analysis by neutron activa-
- tion, Archaeometry, 1l p 21-52.

Bowman, H., F. Asaro, and I. Perlman, 1973, On the Uniformity of compo-
sition in obsidians and'evidence for magmatic mixing, Jour. of Geol-

ogYI _B_IP. 312.

:Wollenberg, H., 1974a, Radioactivity of Nevada Hot Spring systems,

Geophys. res. lett. 1.(8), p. 359.

Ilyama, J I., 1974 The Feldspars, W. S Mackenzie and J. Zessman
eds., Manchester Univ. Press, Crane, Russak and Co., New York,

ppP. 553-573.

Phllpotts, J. A., M. Wayne, and C. C. Schnetzler, 1971, Geochemical
aspects of some Japanese lavas, Earth & Planet Sci. Lett. 12,
pp. 89~ 96. i

Lo

Wbllenberg, H.-and A. R. Smith, 1972, Geologlc factors controlling
terrestrial gamma-ray dose rates; LBL-914, Proc. 2nd Symp. on the

Natural Radiation Environment (in press).




-92-

23, - Tanner, A., 1964, Physical and chemical controls on distribution of
radium-226 and radon-222 in ground watér near Great Salt Lake,
Utah, 1n The Natural Radlatlon Env1ronment, J. A. S Adams and

W Lowder, eds., U. of Chlcago Press.

24. Wbllenberg, H., 1974b, Radon alpha-track survey of a potential geo= : P

thermal resource area, LBL—3225

(L 21



a~’,i' :

k‘

This report was done with support from the Department of Energy.
Any conclusions or opinions expressed in this report represent solely
those of the author(s) and not necessarily those of The Regents of the
University of California, the Lawrence Berkeley Laboratory or the
Department of Energy.




— -
TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
-BERKELEY, CALIFORNIA 94720




	Buffalo Valley; current transmitter at location
	TABE
	6l

	9+.1
	' <




