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Biotite-bearing chalky-white rhyolitic ash, here called the Bishop ash bed, occurs

in middle Pleistocene alluvial and lacustrine deposits at eight localities scattered from
California to Nebraska and is correlated with the basal air-fall lapilli of the Bishop
Tuff, an ash flow of eastern California, radiometrically dated about 0.7 million years.
Correlation of the Bishop ash bed with the air-fall lapilli is made on the basis of
similar petrography and on chemistry as determined by electron microprobe, atomic
absorption, and emission spectrographic analyses. At five localities the Bishop ash
bed lies stratigraphically below a Pearlette-like ash. As more occurrences of the
Bishop ash bed are found, it should become an increasingly important dated strati-
graphic marker relating middle Pleistocene deposits and events across several geo-
morphic provinces.

Another biotite-bearing chalky-white ash, here called the ash of Green Mountain
Reservoir, occurs at three other localities and is distinguishable from the Bishop
ash bed by small differences in chemical composition of the glass. The ash of Green
Mountain Reservoir is younger than the Bishop ash bed, as shown by the fact that at
one locality it lies stratigraphically above the aforementioned bed of Pearlette-like
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INTRODUCTION

The extensive beds of light-colored rhy-
olitic ash interlayered in upper Cenozoic
UWuvial and lacustrine deposits in the

estern United States must have originated

"°"j volcanic eruptions of extraordinary in-
‘c"sft)’- The series of eruptions from a
Particular center that produced the ashes
als0 produced rhyolitic ash-flow sheets whose
vo Umes commonly exceed several tens of
Subic mijeg, During middle Pleistocene time

fee rhyolitic volcanic centers generated’

1 T

P“b‘llcatlon authorized by the Director, U.S.
':olf’gltal Survey.

'g. - Geological Survey, Denver, Colorado.
Obs -S. Geological Survey, Hawaiian Volcano

rvatory, Hawaii National Park, Hawaii.

multiple rhyolitic ash-flow sheets, and the
eruptions culminated in caldera-forming
collapses. These centers (Fig. 1) are the
Yellowstone National Park area in Wyoming
and Idaho (Christiansen and others, 1969),
the Jemez Mountains area in northern New
Mexico (Smith and Bailey, 1968), and the
Long Valley area north of Bishop in eastern
California (Gilbert, 1938; Sheridan, 1968;
Smith and Bailey, 1968, p. 629). The ash
derived from each center is clearly dis-
tinguishable from ash of the other centers by
petrographic and chemical properties, but
ashes erupted from the same center but at
significantly different times may differ only
slightly, and some may not be distinguished
from each other by present methods. ‘
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The Bishop Tuff of eastern California
(Gilbert, 1938; Bateman, 1965; Sheridan,
1965, 1968) was erupted as ash flows about
0.7 million years (m.y.) ago (Dalrymple
and others, 1965) from an area which then
collapsed to form the Long Valley caldera
(Smith and Bailey, 1968, p. 629) at the
eastern base of the Sierra Nevada in Mono
County, California. Coarse air-fall pumice
emplaced early in the eruptive episode locally
occurs beneath and beyond the boundaries
of the Bishop ash-flow deposit. Among the
middle Pleistocene ash samples in our col-
lection we found samples from 11 locali-
ties scattered from California to Nebraska
(Fig. 1) whose petrographic characters match
those of the coarse air-fall pumice at the
base of the Bishop Tuff. The ash of these
samples contains phenocrystic biotite and is
chalky white, in contrast to other middle
Pleistocene ashes which contain no biotite
and are silver gray. The chalky-white ash at
eight of these localities, furthermore, matches

IZETT, WILCOX, POWERS, AND DESBOROUGH

in detail the chemical composition of the glasg
of the known Bishop air-fall pumice lapillj
below the ash flows. Ash of the three re-
maining localities has a chemical composition
similar in some respects to that of the Bishop
air fall but differs in certain important details,
notably the amounts of iron and some minor
elements. On the basis of stratigraphic
evidence, the chalky-white ashes seem to
represent two ash falls, one being equivalent
of the 0.7-m.y.-old Bishop Tuff and referred
to here as the Bishop ash bed, and the other
being slightly younger and referred to here
as the ash of Green Mountain Reservior,
for its occurrence at locality 13 (Fig. 1).

The silver-gray ashes mentioned above .

are from a group that has been called “Pearl-
ette-like” (Wilcox, 1965) to denote Pleisto-
cene ash having the general petrographic
characters listed by Swineford and Frye
(1946) for the well-known “Pearlette ash”
of Kansas, but without the implication that
all occurrences represent a coeval ash fall.
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Fic. 1. Map showing sample localities of Bishop Tuff, Bishop ash bed, ash of Green Mountain
Reservoir, and Pearlette-like ashes of this report.
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{n this report we will designate one ash fall
of this group as Pearlette-like ash, type O,
from its occurrence on Onion Creek, Grand
County, Utah (locality 7, Fig. 1), and
designate another as Pearlette-like ash, type
S. from its occurrence at the type locality of
the Sappa Formation, Harlan County,
Nebraska (locality 14).

At localities 3, 5, 6, 7, and 9 (Figs. 1 and
2 and Appendix) the Bishop ash bed lies
stratigraphically below the Pearlette-like
ash, type O, which we believe, on the basis
of detailed petrographic and chemical study,
to be one ash fall.

At locality 12 in the Cerro Summit area,
Colorado, the ash of Green Mountain
Reservoir occurs stratigraphically above the
Pearlette-like ash, type O (Fig. 2). By this

3 5 6
Lose Tecopa, Saoltair core, Payson, Utah
Calit, Utah
(Atryy Sheppard (Atter Ecrdley and -
854 Gude, 1968) Gvosdetsky, (960)

{Atter Richmond,
1962}

evidence the ash of Green Mountain Reser-
voir seems to be younger than the Bishop
ash bed. Of special interest is the fact that at
locality 12 the Pearlette-like ash, type S, is
separated from the Pearlette-like ash, type
O, by 30 feet of sediments containing a soil
zone. The ash-type S differs only slightly
from the type O (see “Petrography” and
“Chemistry” sections), and as yet this is the
only locality where two Pearlette-like ash
beds have been found superposed in the
same stratigraphic succession.

One or another of us has visited and col-
lected the ash at 9 of the 15 localities shown
in Fig. 1, and we take responsibility for the
correlations shown. The stratigraphic sec-
tions of fig. 2 are generalized to emphasize
the stratigraphic relations of the ash beds;

12
Cerro Summit,
Colo.
{Atter Dickinson,
66)
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124 1ZETT, WILCOX, POWERS, AND DESBOROUGH

F16. 3. Shards in immersion oil, refractive index
1.540, plane polarized light. Shards from Bishop
ash bed (A) (locality 9) and from ash of Green
Mountain Reservoir (B) (locality 13) are

other details of the stratigraphic sections ar
given in the cited reports.

PETROGRAPHY

The Bishop ash bed and the ash of Greep
Mountain Reservoir differ from most othey
Pleistocene ashes by their chalky-white color,
minutely pumiceous shards (Fig. 3), and the
presence of phenocrystic biotite. Shard re.
fractive indices average about 1.495-6 ang
have a range from 1.492 to 1.499. We hay,
found no other Pleistocene ashes from the
Western United States having these charac.
teristics, and we are able to distinguish be.
tween these two only by their chemicg]
composition (see below).

The phenocryst content of the Bishop ash
bed at some localities of Fig. 1 is masked
by abundant admixed detrital minerals
Phenocrysts concentrated from the least con-
taminated Bishop ash bed include dominant
biotite, lesser amounts of hornblende(?),
quartz, sodic plagioclase, and sanidine of low
2V, and sparse zircon, apatite, allanite,
sphene, ilmenite, and magnetite. This assem-
blage is similar to that of samples of Bishop
air-fall lapilli examined by us and is com-
patible with the assemblage in thin sections
of the Bishop welded ash flow described by
Gilbert (1938). Additional minerals in
samples of the ash flow were identified by
Sheridan (1965), but it is not clear whether
they are vapor-phase or xenocrystic minerals.

Phenocrysts concentrated from the Pearl-
ette-like ash beds include quartz, oligoclase,
sanidine of moderate 2Vx (30°-50°), ferro-
augite, and green-brown hornblende, with
scattered chevkinite, allanite, zircon (pink
and/or colorless), apatite, magnetite, and
ilmenite. Fayalite occurs in a few samples
and may have been lost from others through
alteration after deposition. The only petro-
graphic difference found as yet between the

pumiceous and are easily distinguished from
bubble-wall and bubble-junction shards of the
Pearlette-like ashes (C) (Pearlette-like ash, type
O, locality 7).
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ll)-pe O Pearlette-like ash and type S ash
is in the refractive indices of the hornblendes.
b Table 1 lists the petrographic features of the
ashes.

CHEMISTRY

Electron microprobe, atomic absorption,
" and quantitative spectrographic analyses of
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glass shards separated from samples of the
ash beds and of air-fall lapilli of known
Bishop Tuff are listed in Table 2 along with
standard chemical analyses used for calibra-
tion of the electron microprobe.

The electron microprobe, first used for
ash correlation by Smith and Westgate
(1969), seems to be remarkably well suited
for determining major-element content of
ash beds to distinguish between ashes from
different sources. The electron microprobe
can chemically analyze individual glass
shards in a sample without the elaborate and
time-consuming cleaning and separation re-
quired for most other types of chemical
analyses. Only a few shards need to be
analyzed to explore the range of composi-
tion of one sample from shard to shard or to
tompare several samples.

The amounts of seven elements—Si, Al,
Fe, Ti, Ca, Na, and K—were determined
with the ARL-EMX model electron micro-
probe using procedures outlined in the Ap-
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pendix. Splits of most of the samples were
analyzed by atomic absorption spectroscopy
to provide a rapid and accurate cross-check
on the microprobe results for Fe, Ca, Na,
and K, as well as separate determinations of
Rb, Sr, Mg, and Zn. Of these elements,
amounts of Fe, Zn, Ca, Rb, and Sr seem
useful for distinction between many rhyolitic
ashes. Results by the two methods show ex-
cellent agreement.

Glass of the Bishop ashes (Table 2) is
rhyolitic and contains about 75-76 wt. %
SiO,, recast water-free. The Al,O; content
of the glasses does not seem abnormally high
for average rhyolites, but the glasses as
erupted were probably peraluminous, that is,
the molecular proportion of Al,O, exceeded
that of K,O 4+ Na,O + CaO. Mineralogi-
cally, this excess Al,O; is reflected in the
presence of biotite in the ash. Direct calcula-
tion to determine if the glass phase as
erupted was peraluminous may not be mean-
ingful, however, because of alkali exchange
accompanying hydration (Aramaki and Lip-
man, 1965).

The Bishop glasses are distinguished from
glasses of the ash of ‘Green Mountain Reser-
voir on the basis of total Fe and CaO content
(Table 2). The Bishop glasses, from
localities 1-10 (Fig. 1), contain about 0.2%
more iron (calculated as FeO), about 0.1~

TABLE 1

SuMMmARY OF PETROGRAPHIC CHARACTERISTICS OF ASH BeDS OF THIS REPORT

Reservoir

Bishop ash bed and ash of
Green Mountain

Pearlette-like ash

Type S

Color * Chalky white

Predominant shard shape  Pumiceous
Refractive index of glass

Diagnostic phenocrysts  ~ Biotite

Range 1.492-1.499; average 1.495-6

Type O
. Silver gray
Bubble wall and bubble junction
Range 1.498-1.500; average 1.499

Ferroaugite

Hornblende

(N: = 1.678
1.682)

Hornblende
{(Ny = 1.688-
1.694)

TALY
LR X% FEA

# ¥ -
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Ti

o
0.2% less CaO, and slightly less Al;O, than 11 (Table 2) with the ash of Greep | gistinguished frc
the glasses of the ash of Green Mountain Mountain Reservoir on the basis of j, consistent differ.
Reservoir (Localities 12 and 13); the similar major-element chemical compositigy ent.
. . - . ’
Bishop glasses .a¥so contain less Rb th:.m but. some differences in trace-element cop,. Spectrographic
glasses of localities 12 and 13. The dif- position between the two ashes were foupq glasses of most
' ferences in composition are sr.nall, but re- by instrumental neutrop activation analyse; f ped and the ash
' peated microprobe determinations demon- (G. A. Borchardt, written communication { oir. and the res
I . . " 4 ~
i strate that they are consistent, and atomic 1969). | 0f the 25 elemen
; absorption and quantitative spectrographic . Several analyses of glasses of represents. | Jements that she
analyses confirm the chemical differences tive type O Pearlette-like ash and type § | jetween the Bish
: .(Tables 2 and 3). In common with many ash beds are given in Table 2. The Pearlette. | ;reen Mountain
ashes we have studied, the K.O and Na.O like ashes contain more Fe and Zn anq |sualyses of the
e content of the glasses varies somewhat generally have higher ratios of K.O to Na,g { peservoir are nee(
from sample to sample, probably due to alkali than the glasses of the Bishop ash bed ang | jons can be made
. . . * s 33
exchange accompanying hydration. We the ash of Green Mountain Reservoir {, indicate that s
; have tentatively correlated the ash at locality ~Chemically, the type O and type S ashes are §,ass fractions can
: :
¥
&
. TABLE !
v ELBECTRON MICROPROBE AND ATOMIC ABSORPTION ANALVS, . s FROM PLEISTOCENE A
b Oxides are in wt.%; values in italics are from standard rock analysis used for electron microprobe calibration; numbers in ) ciati ‘
’ G. A. Desborough: atomic absorption analyses by V. Merritt; standard rock analyses by D. F. Powers; H:0 detenninalioizr:'f“: b Sbtﬁn‘t;léxrntljedg'\nxial;;o" fro,
i Locality . -
{ No. Si0s aal Fe MgO Ca
i (Fig. 1) «FeO
1. Bishop Tuff . .
4 1 Bishop air-fall lapilli, Bishop, Inyo County, Calif. Electron microprobe: 71.9(£1.0) +.10) — 52(=
Atomic absorption spec.: — ! .05 a3
T 2 Bishop air-fall lapilli, Benton, Mono County, Calif. Electron microprobe: 72.6(1.8) - +.08) —_ _'50(_,_
‘3 M Atomic absorption spec.: —_ s .04 T
[
8‘ ' Bishop ash bed
h 3 Lake beds, Lake Tecopa, Inyo County, Calif. Electron microprobe: 72.8(4.4) +.06) — a7
& Atomic absorption spec.: — .04 41
i 4 Lake beds, Wendover, Toole County, Utah Electron microprobe: 72.9(x.4) +.08) —_ ‘52 (£
H Atomic absorption gpec.: — - —_
3b Lake deposits, 646-ft depth, Saltair core, Saltair, Salt Lake Electron microprobe ¢ 73.58 .17 .74
County, Utah Atomic absorption spec.: — —_ .09 .50
6 Allyvial deposits, Payson Canyon, Utah County, Utah Electron microprobe: 73.4(.6) 12.3(4,4f £.06) — 64 (&
oo Atomic absorption spec.: — — 06 43
@ 7b Harpole Mesa Formation, Onion Creek, Grand County, Electron microprobe: 73.2(x.4) 11.5(a 0f +.08) — '42(:‘: f
: Utah Atomic absorption spec.: — - .04 :42
B 8 Alluvia! deposits, Paradox Valley, Montrose County, Colo. Electron microprobe: 72.7(%.9) 11.8(s. @ £.09) — 52 (.
s 9 Aluvial deposits, Centerville Cemetery, Chaffee County, Electron microprobe: 73.0(%1.4) 12‘15_.- +.08) —_ .36( s
} Cola. . Atomic absorption spec.: — — .06 a6
' 10 Alluvial deposits, Nuckolls County, Nebr. Electron microprobe: 73.1(+.8) 12.1(+.§ =.08) — .47(i C
;; ; Atomic absorption gpec.: — —_ .08 . 46 -
. Ash of Green Mountain Reservoir . £.07) _— 64(=.0
. 13 Laée deposits, Manix Lake, San Bernardino County, Electron microprobe: 73.6(+.7) 08) =
alif. . —
12 Alluvial deposits, Cerro Summit quadrangle, Montrose , Electron microprobe: 71.5(x.7) .07 :gg(i 0
- County, Colo. 5 Atomic absorption spec.: — £.06) — 69 (2.0
! 13 Alluvial deposits, Green Mountain Reservoir, Summit Electron microprobe: 71.5(%1.1) .08 67 o
County, Colo, Atomic absorption spec.: —
¢ Pearlelic-like ash, type S .
N 14 Type locality of Sappa Formation, Harlan County, Nebr. Electron microprobe: 72.1(%.2) 11.7{=4£.07) —_ 77(%.05
Atomic absorption spec.: — — .02 49
15 Below till, Cedar County, Nebr. Electron microprobe:d 72.76 11.76 .06 ‘72
—_— 7
Pearlette-like ash, type O ) )
Sa Lake deposits, 548-ft depth, Sailtair core, Saltair, Salt Electron microprobe:s 72.63 11.71 .17 67
Lake County, Utal :
7a Harpole Mesa Formation, Onion Creek, Grand County, Electron microprobe:/ 72.2(%.2) 11.9{2§=.07) —_ 52(4.05
hah S Atomic absorption spec.: - - .06 50 )
. - - b\
& Total of electron probe values plus MgO and RbfO from atomic absorption spectrographic analyses plus HyQ. §
® This value for CaO from USGS Laboratory No. 101150 (Sheppard and Gude, 1968, 8 13, Table 3, col. 3) was used in cali'®" of presence of carbonate jn !
« USGS Laboratory No. E1820 (Richmond, 1962, p. 35, col. 6) used for calibration. (CaO not used because of presence of carbous§ d material.) te in !
¢ USGS Laboratory No. G2895 used for calibration. .
« USGS Laboratory No. E1886 (Richmond, 1962, p. 35, col. 1) used for calibration.
+ Compare these values with USGS Laboratory No. D1764 (Richmond, 1962, p. 35, col. §).
f
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of Gree} distinguished from each other by small but
asis of i, F ansistent differences in the total iron con-
‘ompositioy § rent.

:ment com. f

Spectrographic analyses were made of

were foun¢ k ghsses of most samples of the Bishop ash

N analvse

. ped and the ash of Green Mountain Reser-

nalyse g ount
munication, 1 voir, and the results are listed in Table 3.
)

represent;.

: Pearletre.

0)f the 25 elements searched for, only those
clements that show conspicuous differences

(ireen Mountain Reservoir are listed. More

nd type S“ between the Bishop ash bed and the ash of
]

d Zn and
J to Na.0
h bed and '

Reservoir,
ashes are

TABLF

ON ANALVSEY

s in parentt
inations of -

amlyses of the ash of Green Mountain
Keservoir are needed before firm generaliza-
tions can be made, but the results so far seem
1o indicate that spectrographic analyses of
glass fractions can be used to distinguish it

§ ¥ lles by Vertie Smith,

———

from the Bishop. Although spectrographic
analyses of Pearlette-like ashes are not in-
cluded in Table 3, Bishop and Pearlette-like
ashes can be separated with ease by spectro-
graphic analyses (compare, for instance,
Richmond, 1962, p. 35, columns.5 and 6).
It is worth noting that the general petro-
graphic-chemical characteristics of the
Bishop ash bed and the ash of Green
Mountain Reservoir are similar to those of
the many beds of chalky-white rhyolitic ash
in Oligocene and lower Miocene rocks in
that they contain phenocrystic biotite and
that their glasses, probably metaluminous
to peraluminous before hydration, are low in
iron (generally less than 1% total, calculated

¥4 43¢ FROM PLEISTOCENE AsugS FROM THE WESTERN UNITED STATES
#+ me standard deviation from the mean value from the microprobe determinations. Electron micropobe analyses by G. A. Izett and

ALO:

12.5(%
12.4(2)
[

12,402 ¢
12A2—('—;"
11.79
12.3@-5
11.5_7_.&4n

11.8(=)
12.1}:‘

12.1:_(_:-‘
e
12.9(%.8
13.2(%4
133024
-
1.7(2d

1.76
e -

11.71
1.9(£%
__/

n calibrot*}
carbonat®

Tuul Fe  MgO Ca0 Na:O K:O TiO: Zn  RbO SrO H:O+ H:0 - Totale

a FeO (ppm)

l‘}(:k:.ll)) — .82 (x.02) 3.8(%.2) 4.8(2.2) .06(£.03) — -— — 4.15 .28 98.8

& .05 43 3.00 4.95 — 10 017 .0018

Pa(tm) —  .50(£.01)  3.1(%.2)  4.2(*.2)  .07(x.03) — — — 4.08 .22 98.0

) 04 41 3.45 4.59 —_ 30 017 .0014

- 4( 4 06) — 97 3.5(+.4) 4.6(£.4)  .07(£.03) — — — 3.84 .14 98.6

:.{ 04 4 3.30 5.05 — 30 019 .0009

tx.08) —  52(£.01)  3.5(.3)  4.4(+.2)  .08(%.03) — — — — —

o A7 74 3.37 4.52 .07 — — — 4.2 .24 99.3

o .09 .50 3.45 4.60 — 30 017 .0022

“(*‘Dﬂ) - .64 (=4-.01) 3.4(=.3) 4.3(%.2) .08(.03) _ —_ —_— 3.62 .22 98.7

o .06 .43 3.25 4.75 — 30 017 .0012

u(tm) — 42(4:.02) 3.1(#.2) 4.3(+.2) .07 (%.05) — — — 4.28 .03 97.6

n .04 .42 3.28 4.86 —_— 30 017 0014

afxm —  52(£.01)  3.2(%.4) 4.1(¢.4; .08%:&.04) = — — — B —

,,'-54)8) —_ .36(x.02) 4.0(%.3) 4,6(%.3 .08(.03) — _— — 4.12 .08 99.1

(e .06 .46 3.20 4.80 —_ 30 016 0021

a(<.08) —  47(£.01)  3.6(+.4)  4.8(%.4)  .08(x.05) — — — 3.906 .18 99.1

e .08 .46 2.73 +.59 — 30 015 0021

WL07) 7 6aqe.02)  4.4(x.4)  4.1(L.8)  .05(%.03) —  — — - -

::{(t.os) — L64(.02)  3.5(4.3)  4.0(x.2) .03(=.03)  — — —_ 4.54 14 98.1

S 07 .62 3.48 4.45 — 30 .032 .0021

Lt E-00) —  169(=.02)  4.3(%.4)  4.1(=%.1)  .07(%.05) — —_ — 4.52 .09 99,1
. 67 3.50 4.13 —_ 50 031 L0024

N ———

.

IO 77(4.05)  2.6(2.3)  6.6(£.5)  .12(k.08) —  — — 3.64 .25 99.1

] 02 49 2.44 6.11 — 0 .024 <.001

S~ 72 2.77 5.64 .10 — —_ — 4.01 16 —

t :

, A7 67 3.00 5.4 12 — — - 3.8 .19 —

A2

HER) .52(.05)  3.0(+.4)  S§.2(x.3)  .10(%£.03) — = — —

\J«s .50 3.10 5.28 - 90  .021 <.00t
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TABLE 3
QUANTITATIVE SPECTROGRAPHIC ANALYSES FOR SELECTED ELiMENTs IN GLAsSES oF Bisnop Turr, Bisnop Asw Bep,
! AND AsH oF GREEN MOUNTAIN RESERVOIR
Results are reported in ppm to two significant figures and have an overall accuracy of +15%, except that they are less accurate near limits of detection,
where only one digit is intended. N = not detected at values shown; I. = detected but below value shown. Analyses by Harriet G. Neiman. 2
Locality Labora- E
No. tory B Be Ga Mn Mo Nb Pb S Y Yb -
(Fig. 1) No. £
.
Bishop Tuff g
1 Bishop lapilli, Bishop, Inyo County, Calif. D137852 56 6 17 260 10 19 46 6 34 4 ke
2 Bishop lapilli, Benton, Mono County, Calif. D137853 52 6 16 280 8 22 40 5 38 4 -
Bishop ash bed ¢
3 Pleistocene lake beds, Lake Tecopa, Inyo County, Calif.  D137851 57 9 18 290 10 23 44 7 38 5 &
5 Pleistocene lake beds, Saltair core, Saltair, Salt Lake 7z
County, Utah . D137856 50 5 15 260 9 19 41 5 32 3 >
6 Pleistocene deposits, Payson Canyon, Utah County, g
Utah D137854 52 5 16 280 8 19 39 S 32 4
7 Lower ash in Harpole Mesa Formation, Onion Creek, ) g
Grand County, Utah D137855 L50 6 15 290 8 24 42 5 38 4 g
9 Pleistocene deposits, Centerville Cemetery, Chaflee 2
County, Colo. 0137858 LS50 4 14 260 7 16 36 4 29 3 c
9 14 35 4 26 3 a

10 Pleistocene deposits, Nuckolls County, Nebr. 137860 Lso 4 14 220
Ash of Green Mountain Reservoir
12 Pleistocene deposits, Cerro Summit quadrangle,

Montrose County, Colo.
13 Pleistocene deposits, Green Mountain Reservoir,

D137857 Ns50 10 26 900 NS 54 84 12 82 9

Summit County, Colo. D137859 NS0 10 26 900 NS 54 86 16 86 9
- — e SRR -
N T ™= hall
TSR FTILBMI TR DE e s
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ZT 2T EcogbhzédziEEFegaz iz R g a = =g = U T o .
P s BESgE B 5883 FE8AAlScFR2PEE 2722858 40 o5 2nf P
.DQS_P; g--—-md'—'gs-ng-"\m::.m?’ﬂ:g_m‘:m:wr_};-:.:.w;mgg(n-;.) ﬁm:;%gg'-;-&;
§ 8 08 ELags8%32385 8™ 55,378 %g552 4 T3z g73
Aagte 98,2558 33 ad Ty O 3 98 A3 5.0 8y il = —n & 3 =
TP ISe U CESER IR~ R R PSR, 85383y a & ©$82°8r70
= 1] [XI 3 - i T~ = 28 2 2 a = — -~
g agXeowgaoFoa "0 mEFY



Fdriie g

B e S R S

130 1ZETT, WILCOX, POWERS, AND DESBOROUGH

Colarado; to A, ]J. Eardley for splits of ash from
cores of Lake Bonneville sediments of the: Great
Salt Lake basin, Utzh; and to R. ]J. Janda for
samples from the pumice bed at Friant and for
ash from the Corcoran Clay Member of the
Tulare Formation. Acknowledgment is made of
the heip of David Ramaley, who carefully made
mineral separations @ised in some of the analyses.
Thanks are due to colleagues R. L. Christiansen
R. G. Dickinson, G. R. Scett, R. E. Van Alstine
and R. G. Van Horn for field guidance and for
discassion of problems associated with late

Cenozoic volcanism and stratigraphy in the

Western United States.

APPENDIX

For the electron microprobe analyses,
ultrasonicilly cleaned glass fractions of the
ash samples (sized at 0.050-0.200 mm)
were mounted int Ig-irich-diameter holes in
1-inch-diameter aluminum discs. The mounts
were polished with 6, 3, and 1 p diamond
paste on catton laps followed by :mechanical
buffing with 0.05 p ALOQ;. Electron micro-
probe instrumeiit conditions:were as follows:
(1) Take-off angle = 51.5°, (2) emission
current = 2 X 10 A, (3) .operating voltage
= 15kV, (4) sample curtent = 7 X 10®
A on quartz, equivalent to a beam current of
32 X 10 A, (5) fixed count of beam cur-
rent with a ceunting period for each point
analysis of about 15 seconds. Under these

LOCALITIES

1. Bishop Tuff: air-fall pumice lumps; pit of
Insulating Aggregates Co., & miles north of
Bishop, Inyo County, Calif., in NW 14 sec
4, T.65, R 33 E. Collector, R. E. Wilcox.
Sample No. 64WD6. Same locality as that
sampled by Dalrymple; Cox, and Doell {1965);
isotope age sample No. 4G001,

2. Bishop Tiff: air-fall lapilli at Beaton, Mono
County, Calif,, from pit in SE 14 NE 24 sec
10, T. 2 5., R. 31 E. Collector R. E. Wilcox.
Sdmple No. 64W109.

3. Bishop ash bed: white biotitic ash from a 6.5
foot-thick bed in Pleistocene kike deposits at
Lake Tecopa, Inyo County, Calif., called tuff
B by Sheppard and Gude {1968, p. 9, and
“Table 3, col. 3). About 20 feet stratigraphically
below a Pearlette-like ash, type O (tuff A of
Sheppard and Gude, 1968, Table 3, cotumn 1).

analyzed for the following elements, thre,

operating conditions, each sample wy,

at a time: Si, Al, Ti, Fe, Ca, Na, and K
Iron was determined on two different rung
Consistent résults were obtained by analysj;
of 2-5 points on each of 10 shards, ny
necessarily the same shards for the successiy,
sets of three elements, Mg and Mn are in to,

low amounts in these samples to be detecteg|

reliably. Pulse-height analyzers were useq

on -all channels except for Ti and Fe. Quar, |

was used to determine background couny
at each of the spectral peaks for all the aboy;
elements-except Si.,

Counts were calibrated in terms of per.}

centage of constituent using samples g
homogenous volcanic ash that had been care.
fully analyzed by standard wet chemic

analysis, as indicated in Table 2. Thif
eliminates in large part the need for corj

rections for absorption, fuorescence, anif

atomic' number, Significant errors in alkaif

determinations due to volatilization wey
miriimized by the use of the fixed count g}
beam current for rins on both standard ant
unknown materials. The effect of instrumen

drift due to variations in sample current wa
essentially eliminatéd by using a fixed coun
of beam current and counting the standard}
prior to and after the samples.

Collectors, R. A. Sheppard and A. J. Gudf
3d. Sample No. 68W136.

4. 'Bishop ash bed: white biotitic ash bed at 32
foot depth in core “from well drifled in Pleiste|
cefie Lake Bonneville deposits about 7 milsj
east: of Wendover, Tooele County, Utzh‘
Collector; A. J. FEardiey. Sample No. N-ﬂ,?

Sa. Pearlette-like ash, type O: silver-gray as‘
from 548-foot depth in. core from well drills |
in Pleistocene Lake Bonneville deposits in ST
4 osec. 24, T.1 N, R.3 W, near Saltif
Resort; Salt Lake County, Utah, assigned tol
‘the. Pearlette by Powers (in Eardley ark
Gvosdetsky, 1960, p. 1330; see also Eardlsf
1967). Analysis in chl'm'lond {1962, p. l‘
column 5). Co!]ector, A. J. Eardley, Co ‘\
No. 179. Sample No, 57P129, “w

5b. Bishep ash bed: white biofitic ash bed &
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gs FeO). In contrast, the ashes of the
Pearlette are chemically-and petrographically

- gimilar to those of the abundant gray-toned

ashes commén in upper Miocene and
Pliocene rocks in ‘that they do not contain
biotite and their subaluminous to peralkaline

¥ glasses contain 1-3% iron.calculated as FeO

(Lzett, 1969).

DISCUSSION AND CONCLUSIONS

The Bishop ash bed is.a time-stratigraphic
marker dated at about 0.7 million K-Ar

' years in the middle Pleistocene deposits of

the Western United Stites. We expect that
this ash bed will be found at many more
localities than those described here and that
it will prove useful in deciphering the
Quaternary stratigraphy and history over
widely separated geomorphic provinces.
Preliminary petrographic and microprobe
results on ash from two additional -occur-
rences in California not shown in Fig. 1 and
Table 2 correspond to those of the Bishop
ash bed. The occurrenices are (1) ‘ash and
lapilli from thé pumice bed at Friant to which
4 K-Ar age of 0.6 m.y. has been ascribed

(Janda, 1965), and (2) an ash bed in the

Corcoran Clay Member of the. Tulare
Formation (Frink and Kues, 1954; R. J.
Janda, written communication, -1970).

The ash of Green Mountain Reservoir is
younger than the Bishop ash bed, from which
it can be distinguished by minor chemical
differences. The source of the ash of Green
Mountain Reservoir is unknown, it because
of the' resemblance in petrographic and gross
chemical character to the Bishop -ash bed, it
eems worthwhile to examine the possibility
!hf“t the_ ash of Green Mountain Reservoir
Might be later ejecta from the Bishop magma.

ast of the Sierra Nevada drainage divide,
Sheridan (1968) noted that the Bishop Tuff
I lower Qwens Gorge consists of two ash

0WS, the younger emplaced at an un-
determined time aiter the first. West of the
S’erfa Nevada drainiage divide in the Devils
Ostpile quadrangle, remnants of two ash-

fiow units, together called the tuff of Reds
Meadow, were noted by Huber and Rine-

‘hart (1967), who tentatively correlated them

with the Bishop Tuff. A K-Ar age of 0.66
my. was detétmined on sanidine from

pumice in the lower of the two .ash-flow

units. ~

The stratigraphic association of the
Pearlette-like ashes with the.Bishop ash bed
and the ash of Green Mountain Reservoir
(Fig. 2) draws atteation to the general
Pearlette problem, with its important bear-
ing on the delineation of the Pleistocene
history of the Western United States. On
the basis of its stratigraphic association with
the Bishop ash bed, the type O Pearlette-like
ash is considered to be younger than 700,000
years. Furthermore, on the basis of pre-

liminary evidence from other work beyond
the scope of this paper, it seems that the

type S Pearlette-like ash is significantly older
than 700,000 years. Although much work
remains, we are convinced that the Pearlette-
like ashes, including what has beén called the
“Pearlette ash” in the central Great Plains,
represent at least two ash falls during the
Pleistocene. The petrographic and chemical
characteristics of the Pearlette-like ashes
have strong family resemblances to Pleisto-
cene air-fall rhyolitic ash from eruptive
centers in the Yellowstone Natiomal Park
area of Wyoming-and Idaho, and-we 'susp_ect
that these eruptive centers are the sources
of the Pearlette-like. ashes, The Pearlette-like
ashes differ significantly in minéralogic- and
chemical compdsition from Pleistocene: air-
fall rhyolitic ash of the Jemez Mountain
eruptive centers in New Mexico, previously
suggested as a “Pearlette. ash” source

(Swineford, 1949).
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Colorado: to A. J. Eardley for splits of ash from

cores of Lake Bonneville sediments of the Great

Salt Lake basin, Utah; and to R. J. Janda for
samples from the pumice ‘bed at Friant and for

‘ash from the Corcoran Clay Member of the

Tulare Formation. Acknowledgment is made of
the help of David Ramaley, who carefully made
mirieral separations used in some of the analyses.
Thanks are due to colleagies R. L, Christiansen
R. G. Dickinson, G. R. Scott, R. E. Van Alstine
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APPENDIX

For the electron microprobe analyses,
ultrasonically cleaned glass fractions of the
ash samplés (sized at 0.050-0.200 mm)
were mounted in Y4-inch-diameter holes in
I-inch-diameter aluminum discs. The mounts
were polished with 6, 3, and 1 x diamond
paste on cotton laps followed by mechanical
buffing with 0.05 x Al,Oy. Electron micro-

probe instrument conditions were as follows

(1) Take-off angle = 51.5°, (2) emission
current = 2 X 10*.A, (3) operating voltage
= 15 kV, {4) sample current = 7 X 10~
A on guartz, équivalent to a beam current of
32 X 10¢ A, (5) fixed count of beam cur-
rent with a counting period for each point
analysis of about 15 seconds. Under these

operating conditions, each sample

analyzed for the following elements, thres
at a time: 53, Al, Ti, Fe, Ca, Na, ang K
Iron was determined on two different rypg

Consistent results were cbtained by analyg;; |

of 2-5 points on each of 10 shards
necessarily the same shards for the successjy,

‘sets of three elements, Mg and Mn.are in t,

low amounts in these samples to be detecteg
reliably. Pulse-height analyzers were yseq
on all .channels except for Ti and Fe: Quan,
was used to determine background coung

at each of the spectral peaks for all the aboy, |

elements except 5i.
Counts. were- calibrated in terms of per.

centage of constituent using samples of

hoinogenous voleanic ash that had been care.
fully analyzed by standard wet chemicg
analysis, as indicated in Table 2. Tk
eliminates 'in large part the need for cor
rections for absarption, fluoréscence, ang
atomic number, Significant errors in alkaf;
determinations due to volatilization were

riinimized by the use of the fixed counit of -

beam current-for runs ont both standard ang
unknown materials. The effect of instrumen

drift due to variations in sample current was -
‘esséntially eliminated by using a fixed comy |

of beaim current and counting the standards
prior to and after the samples.

LOCALITIES

L. Bishop Tuff: air:fall pumice lumps, pit of
Insulatmg Aggregates Co., 6 miles north of
Bishop, Inyo County, Cahf in NW ¥ sec.
4 T.6 5, R. 33 E. Collecto;’ R. E. Wilcox.
Sample Nc. 64WB6. Same locality as that
sampled by Dalrymple, Cox, and Doelt (1965) ;
isotope age sample No. 4G001.

2. Bishop Tuff: air-fall lapilli at Beaton, Mono
County, Calif., from pit in SE 3} NE % sec:
10, T. 2 8, R. 31 E. Collector R. E, Wilcox.
Sample No. 64W109.

3: Bishop ash bed: white biotitic ash from a2 6.5-
foot-thick bed in Pleistocene lake deposits at
Laké' Tecopa, Inyc Coiinty, Calif.; called taff
B by Sheppard and Gude (1968, p. 9 and
Table 3, col. 3). Abiout 20 feet stratigraphically
‘below a Pearlette-like ash, type O (tuff A of

Sheppard and Gude, 1968, Table 3, column 1),

‘Collectors, R. A  Shéppard and A. J. Gude,
3d. Sample No. 68W156.

4, Bishop, ash bed: whife hiotitic ash bed at 324 |

foot depth in core from well drilled in Pleists-
cene Lake Bonneville deposits about 7 miles
cast of Wendover, Tooele. County, Tizh
Collector, A, J. Eardley. Sample. No. N-46
Sa. Pearlette-like ash, type O: silver-gray ash

from 548-foot depth in core from well drilled |
in- Pleistocene Lake-Bonneville deposits in SE |

1% sec. 24, T. 1 N, R. 3 W., near Saliair
Resort; Salt Lake County, Utah, assigned to

the Pearlette by Powers (in Eardley aof |

Gvosdetsky, 1960, p. 1330; see also Eardley.
1967). Analysis in Richmond (1962, p. ¥

column ). Collector, A. J. Eardley. Core

No. 179. Sample No. 57P129.
5h. Bishiop ash bed: white biotitic. ash bed &
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646-foot depth in core from same drill. hole as
locality Sa. Analysis in Richmond (1962, op.
34-35; column 6), Collector, -A. J. Eardley.
Core No: 212, Sample No. 37P133.

& Bishop ash bed: white hiotitic ash from basal
§ inches of an 8-foot-thick ash bed in Pleisto-
cene deposits in a tributary to Payson Canyon
about 4 miles south of Payson, Utah, in SW

i NW 1 sec. 35; T. 9 S, R 2 E, Santaquin

Peak quadrangle, Utah County, Utah. This bed
is separated from. an overlying Pearlette-like
type-Q ash bed by 1-2 feet of ved-brown clay
silt. Collectors, R. E. Wilcox ‘and R. G, Van
Horn. Sample No. 67W161.

7a. Pearlette-like ash, type O: silvér-gray ash
from a 3-foot-thick bed in the middle member
of the Harpole Mesa Farmation (Pleistocene)
in SE ¥ NE 24 sec. 26, T. 24 5, R. 4 E.,
hieadwaters of Onion Creek, La Sal Mountains,
Grand County, Utah. This bed, assigned to
the Pearlette by Powers (Richmond, 1962, p.
34; analysis, p. 35, column 1), lies about 80
feet ahove Bishop ash bed locality 7b of this
report, Collector, G.. M. Richmond. Ssinple No.
S0-61A.

7b. Bishop ash bed: white biotitic ash from a
3-foot-thick bed in the lower member of the
Harpole Mesa Formation (Eleistocene), same
locality as 7a (Richmond, 1962, p, 34) Col-
lectar, R. E. Wilcox. Sainple No. 65W5.

8. Bishop ash bed: white biotitic ash from a 2-
to 3-inch-thick bed-in Pleistocene deposits in
SE 3% NW % sec. 26, T. 48 N, R. 19 W,
Montrose County, Colo,, about 3 miles north-
east of Paradox Store. Collector, F. W, Cater.
Sample. Na. 65W1.

9. Bishop ash. bed: white biatitic ash from a

t-foot-thick: dirty ash bed near the top of a
Pleistocene terrace deposit about 200-300 feet
aboyé the Arkansas River, Chaffee County,
Colo, in SW 14 SW 34 sec. 9, T. 51 N, R.
78 W, along U.S. Highway 285 at Centerville
.Cemet‘ery. A Peatlette-like ash type O, occurs
In the next youngest.terrate deposit. Collectors,
R. E. Wilcox and R. E. Van Alstisre, Sample
No, 65W131,

131

10. Bishop ash bed: white biotitic ash from a 2-

foot-thick bed in NEY SE14 sec. 26, T. 3 N.,
R. 8 W, Nuckolls County, Nebr. (Miller
et al, 1964, unit 3, mead. sec. 7, p. 79),
Coileitor, R, E. Wilcox, Sample No, 66W8.

1. Ash of Green Mountain Reservoir (7). white

biotitic ash from a. 1- to G-inch-thick bed in
Pleistocene fake beds in Manix Lake in SW4
sec. 10, T. 10 N,, R. 4 E, Newberry guad-
rangle, San Rernardino County, Calif. Col-
lector, R. A. Shepard. Sample No. 68W153.

12. Ash of Green Mountain Reservoir: white

biatitic ash from a 0- to 8-inch-thick bed in
Pleistocene deposits in NWIi4 SEY sec. 24,
T. 49 N, R. 8 W., Cerro Summit quadrangle
Moritrase County, Colo. {“ash a* of Dickinson,
1966, p. 71}. Ash bed is about 150 feet strati-
graphically above Pearlette-like ash, type O
{“ask b of Dickinson, 1966, in turn 30 feet
above Pearlette-like ash, type S). Collector,
R. G. Dickinson. Sample Ng. 91041

13. Ash of Green Mountain Reservoir: white

biotitic ash froin a I-inch-thick bed in Pleisto-
cene deposits about 200-300 feet above the
former level of the Blue River; exposed in
roadeut along State Highway 9 neéar Green
Mountain Reservoir in SE Y sec. 18, T. 2
S, R. 79 W, Mount Powell guadrangle,
Summit County, Colo. Collector, R. G. Dickin-
son., Sample No. 65W81,

14. Pearlette-like ash, €ype S: silver-gray ash from

an 8-foot-thick bed at.the type locality of the
Sappa Formation {Pleistocene) in SW 3
NW 24 sec. 12, T, 2 N, R. 20 W,, Harlan
County, Nebr. (Miller and others, 1964, p.
80). Collector, R. E. Wilcox. Sample No.
66W4,

15, Pearlatte-like, .ash, type S: silver-gray ash

from a 2-foot-thick bed below till in roadcut
3 miles west of Coleridge, Nebr,, in NE 34
NE % sec. 11, T. 29 N, R. 1 E, Cedar
County; Nebr, Stop 7, “Guidebook of the
1958 TField Conference on Pliocene-Pleisto-
cene Stratigraphy and Correlation in the High
Plains of Kansas and Nebradka” (un-
published), Collectar, G, R. Scott. Sariple
No. “Nebr, 7.7
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ABSTRACT

This paper contains a brief summary of each of the most promising geothermal
fields in the Western United States. The summaries contain data on size,

ownership, discoverie:ss,. number of wetls, #nvolved utilities and operators,

estimated power production potential, reservoirs, load centers, geology, geo-
thermal phenomena and other important information concerning ‘recent and on-
going activities.

DISCUSSION OF TERMS
Numerous terms have been used on the summary sheets in this report that may
not have meaning to a casual acquaintance of geothermal energy. Therefore,

a list of the less obvious terms, with a brief explanation of each, follows:

1. KGRA - Known Geothermal Resource Area, This term was originated by
the U,S, Geological Survey.

2. AREA - Area is used to define that part of the state in which a speci-
fic field is located.

3. SIZE AND LAND OWNERSHIP - Figures are always in acres.

L, DISCOVERY AND TOTAL WELL DATA - Year, refers to year of the discovery;
Operator, to who made the discovery; and Deep Wells to the number of

wells drilled into the reservoir. Note: Some of the wells in the count

may have been abandoned or converted to injection service.

5. UTILITY AND POWER POTENTIAL - Involved Utility, refers to that company

which is involved directly in the development of power generation faci-

lities or as otherwise noted, Estimated MWe, means the amount of
electrical power in MW's that could be produced for a 30 year period.
A MW is equal to 1,000 kilowatts (KW), Note: A1l power estimates are
from U,S,G,S, Circular 790, ‘

6, EBJNCIPAL OPERATORS =~ Names of the most active operators in the field,
In some cases not all of the operators in a field have been listed.

Wells refers to the number of wells drilled or controlled by the operator
that penetrate the reservoir (some of the wells may have been abandoned .

or converted to injection)., -Tests refers to the kinds of tests made.

7. FIRST POWER PLANT - Type considered refers to the type of plant design:

e.g. double flash, single flash, binary, etc. Size refers to the size

‘of the plant in MW's. Status means where the plant development presently
sits in time. Scheduled on Line means the date when the plant is expected

to start producing power.

8. RESERVOIR DATA - Type refers to what kind of reservoir is preéent ~ dry

steam (vapor) or hot water (all of the reservoirs.:covered in this report

are hot water types). Temp. refers to the reservoir temperature in
degrees Fahrenheit. Depth refers to the distance from the surface to
the top of the reservoir., Salinity depicts the amount of dissolved
chemicals in parts per million, Max. Flow Rate is the maximum rate of

e |
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fluid thét a well produced-during a flow test. Flows from'geothermal
wells are usually measured in thousand pounds per hour.

9. RESERVOIR TEMPERATURE - All areas in this report have reservoir temper-
atures in excess of 300°F (149°C or nominal 150°C) except Raft River, ldaho
which has a reservoir temperature of 295°F. Although the Raft River
reservoir temperature is below 300°F (the generally agreed threshold for
economic power production is 375°F) it has been included because of the
construction of two research power plants, a 60 KW and a 5 MW unit.

10. LOAD CENTERS - This listing shows the population and the power line dis-
tance from the field to the closest city or metropolitan area.

11. GEOLOGY AND GEOTHERMAL PHENOMENA - These terms are self explanatéry.

It should be noted that The Geysers geothermal field has been omitted from the
following summaries because it is now under production and its details have been
widely published. However, this dry steam field is now producing 663 gross MW's
of electricity and an additional 600 MW's are now being planned or are under con-
struction.

PRODUCTION RECAP

The total estimated electrical potential of the 13 fields covered in the summaries
is 12,684 MWe for 30 years. .The estimates are taken from U.S. Geological Survey
Circular 790 (1978). It should also be recognized that the fields covered are only
a small percentage of the more than 57 Known Geothermal Resource Areas (KGRA's) that
have convection systems with temperatures greater than 300°F (150°C) which have been
identified by the U.S. Geological Survey.
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KGRA  SALTON SEA AREA  IMPERIAL VALLEY 'STATE  CALIFORNIA

_KGRA scov A W
C SIZE: 95,824 acres ' YEAR: 1958 .
LAND OWNERSHIP: . OPERATOR+ Kent Imperial Corp.
Federal: 18,644 acres DEEP WELLS: 30

State and Private: 77,180 acres

VOLVED UT + Southern California Edison and San Dieqo Gas & Electric Co.
ESTIMATED POWER POTENTIAL: 3,400 MW
AL O ORS
NAME: Magma Power Co. NAME: Union 0il1 Co.
WELLS: 11 WELLS: 6
TESTS: Production and injection " TESTS: Production and injection
F S oW SCE Magma/SDG&E
.~ TYPE CONSIDERED: Flash Double Flash
SIZE (NOMINAL): 10 MW 49 MW
STATUS: ' Under design Preliminary design \
C- .S‘CHEDULE_D ON LINE: 1982 --
“— E EE 0 ! " '
TYPE. Hot water o TEMPERATURE : 640°F+ SAL/NITY : 250,000-330,000 ppm
DEPTH (7_'0P OF RES.): 3,000 ft . " MAXIMUM FLOW RATE: 500,000 1bs/hr
_LOAD CENTERS | | -
C/TY: Los Angeles area cirr: San Diego area
POPULATION. 9 million POPULATION: 1.5 million
OISTANCE: 185 miles h OISTANCE: 130 miles

Tertiary and quaternary marine sands and shales, non marine fluvial and tacustrine
sediments and interbedded evaporites; field is traversed by five rhyolite volcanoes
trending NE-SW;. numerous mud pots and mud volcanoes; minor CO, surface vents; major
faults strike at high angle to trend of volcanic cones. Area underlain by .an active

sgrisding center- (the east Pacific rise).

Presence of field known prior to 1925; C0, nroduced from shallow wells during the
1940's; major drilling effort (12 wells) in the early 1960's, which was accompanied
by an attempt to reclaim potash from the produced brine; drilling activity renewed
in early 1970's; SDG&E and ERDA funded and constructed a 10 MW equivalent (no turbine
. generator) pilot flash binary power plant in.1975 which is not included under first
= power plants; high salinity (20 to 30%) will hamper full development due to corrosion
and scaling problems. Techniques are being developed to lessen the corrosion prob-
lems by a three party association: Union 0i1 Co., Mono Power Co. (a subsidiary of
Southern California Edison), and Southern Pacific Land Company. In addition, Magma
Power Co. is also active in corrosion and scaling research.
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KGRA_WESTMORLAND PROSPECT AREA  IMPERIAL VALLEY STATE CALIFORN
(Salton Sea)

_KGRA SCov A QT W
S/ZE : approx. 20,000 acres YEAR: 1976
LAND OWNERSHIP: OPERATOR : Republic Geothermal, Inc.
Federal: O DEEP WELLS:6
State: 0
Private: 20,000 acres
INVOLVED UTILITY: Imperial Irrigation District service area

STIMA QWER POTENTIAL: 1710 MW

PRINCIPAL OPERATORS
NAME : Westmorland Geothermal Associates (Republic Geothermal, Inc. and MAPCO)

WELLS: 6

TESTS: Production and injection
F OWER_PLAN

TYPE CONSIDERED: Double Flash
SIZE (NOMINAL): 50 MW
STATUS: Under design

SCHEDULED ON LINE: 1983

\'40) A .
TYPE: Hot water TEMPERATURE : 500°F SALINITY : 20,000-70,000
DERPTH (TOP OF RES.). 4,000 ft MAXIMUM FLOW RATE: 580,000 1bs/hr
LOAD CENTERS
C/Tr.: Los Angeles area : ¢i/ry: San Diego area
POPULATION: 9 million POPULATION: 1.5 million
D/.S‘rANCE.'V 185 miles O/ISTANCE: 130 miles
_GEOLOGY AND GEQTHERMAL PHENOMENA

Tertiary and quaternary marine sands and shales and lacustrine Take bed and deltaic
sediments; no surface volcanic expression or geothermal indicators; vertical strike
slip faulting controls distinct fault block salinities; distinct gravity and thermal
anomalies. Area underlain by an active spreading center (the east Pacific rise).

~REMARKS

Area is jointly leased and operated by Westmorland Geothermal Associates (Republic
Geothermal, Inc. and MAPCO); a federal loan guarantee for reservoir evaluation and
development drilling was obtained in 1979 and work on two additional wells is under
way; area lies to the SW of the Salton Sea anomaly.



KGRA__BRAWLEY _ AREA_IMPERIAL VALLEY STATE CALIFORNL

| KGRA SCOVERY A TAL W
(. SIZE: 28,885 ACRES YEAR: 1975
LAND CWNERSHIP: OPERATOR: Union Qi1 Co.
Federal: O .
State: 0 DEEP WELLS: 10
Private: 28,885 acres
'V v TILITY: Southern California Edison
ESTIMATED POWER POTENTIAL: 640 MW
RINCIPA RA )
NAME: Union 0il Co. NAME: Chevron Resources Co.
WELLS: 8 WELLS: 2
TESTS. Production and injectfon ' TESTS: Short term production
FIRST POWER PLANT  SCE
TYPE CONSIDERED: Single Flash
" SIZE (NOMINAL): 10 MW
STATUS: Under construction
- SCHEDULED ON LINE:1980
\»-_
RESERVOIR DATA
TYPE: Hot water TEMPERATURE: 500°F SaL/NITY: 100,000 pom
DEPTH (TOP OF RES.): 3,000 ft MAXIMUM FLOW RATE: 70,000 1bs/hr
LOAD CENTERS
C/Tr: Los Angeles area ¢c/Ty.: San Diego area
POPULATION: 9 million POPULATION.: 1.5 million
OISTANCE: 200 miles OISTANCE: 115 miles
OGY A 0]
Tertiary and quaternary marine sands and shales and non marine fluvial and lacus-
trine sediments; no surface volcanic expression or geothermal indicators; field
in close proximity to active Brawley fault. Area is underlain by an active
. spreading center (the east Pacific rise).
REMARKS _ '
Field was identified by University of California at Riverside field studies in
( late 1960's and early 1970's; high salinity due to close proximity to Towest
NG __portions of_northern landward extension of Salton Trough (evaporite sink); high

salinity will cause problems in the design, construction and operation of power
plants; the Union 10 MW power plant is approximately 85% complete.
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KGRA_HEBER AREA_IMPERIAL VALLEY STATE_CALIFORNIA

KGRA SCQ A Q

SIZE: 58,568 acres YEAR: 1972

LAND OWNERSHIP: OPERATOR : Magma Power Company
Federal: 0 DEEP WELLS: 17

Private: 58,568 acres

VoLV Ut : Sbuthern California Edison and San Diego Gas & Electric Co.
ESTIMATED POWER POTENTIAL: 650 MW
PRINCIPAL OQOPERATORS

NAME: Chevron 0il Company NAME: Union 0i1 Company
WELLS: 8 WELLS: 7
TESTS: gxtensive production and * TESTS: Short term, production
injection - '
FIRST POW SCE SDG&E (see remarks)
TYPE CONSIDERED: Double Flash Flash Binary
SLZE (NOMINAL): 50 MW 65 My
- STATUS: . In final design . Design complete
SCHEDULED ON LINE:  Late 1982 1984
RESERVOIR DATA
TYPE. Hot water . TEMPERATURE: 350-375°F SALINITY: 14,000 ppm
DEPTH (TOP OF RES.): 3,200 ft MAXIMUM FLOW RATE: 440,000 1bs/hr
LOAD CENTERS
C/TY: Los Angeles area ciry: San Diego area
POPULATION: 9 million POPULATION: 1.5 million
DISTANCE : 225 miles ‘ DISTANCE: 100 miles
_GEOLOGY AND GEQTHERMAL PHENOMENA

Tertiary and quaternary marine sands and shales and non marine fluvial and lacustrine
sediments, minor volcanic sills; no surface volcanic expression or geothermal indica-
tors. Area is underlain by an active spreading center (the east Pacific rise).

_BEMABKS_

In 1977-78 the field was considered by U.S. Department of Energy as a possible site for
a 50 MW binary power plant (the plant was subsequently awarded to Union 0il1 Co. at their
Baca location in northern New Mexico). In December of 1979 Chevron Resources Company
(the major operator) signed a contract with Southern California Edison, who will con-
struct a 50 MW power plant. The completion date is late 1982. San Diego Gas & Electric
is contemplating the co-sponsoring of a 50 MW binary type demonstration nower plant

with the U.S. Department of Energy.

——— e



TN

. ;

KGRA__EAST MESA AREA‘IMPERIAL VALLEY STATE_CALIFQRNI

_KGRA _ scov A 0 WEL |
S/IZE: 38,365 ACRES hEAf@' 1972
LAND OWNERSHIP: OPERATOR - U.S..Bureau of Reclamation

Federal: 32,725 DEEP WELLS: 18
Federal leased: 11,770 acres :
State and Private: 4,840 acres
VOLVED UTI . San Diego Gas and Electric €o.

ESIIMATEQ POWER POTENTIAL: 360 MW

PRINCIPAL OPERATORS

Nwmﬂi'Rebublic Geothermal, Inc. NAME: Imperial Magma
WELLS: 8 WELLS: 5
TESTS:Production and injectibn TESTS: Production and injection
_FIRST POWER PLAN Republic Magma
TYPE CONSIDERED. Double Flash Binary
SIZE (NOMINAL): . 7. 48 MW (net) 10 MW
STATUS: Plant designed Construction completed
SCHEDULED ON LINE. Late 1982 Spring 1980
SERVO ATA
TYPE.: Hot water TEMPERATURE: 400°F SALINITY : 2,500 ppm
ODEPTH (TOP OF RES.): 2,450 ft MAXIMUM FLOW RATE: 740,000 1bs/hr
~LOAD CENTERS
Cc/Ty: Los Angeles area ¢/Tr: San Diego area
PORULATION: 9 million POPULATION.: 1.5 million
DISTANCE: 245 miles OISTANCE.: 120 miles
=0L.0GY A GEOT Q

Tertiary and quaternary marine sands and shales and non marine fluvial and lacus-
trine sediments; no surface volcanic expression or geothermal indicators; area is
slightly westward sloping, sandy mesa with a minimum elevation a few feet above
the valley floor; major faults trend NW-SE. Area is underlain by an active
spreading center (the east Pacific rise)

In the early 1970's the U.S. Bureau of Reclamation drilled and tested 5 wells and
constructed and tested multi-stage flash and vertical tube desalination units; a
facility (operated by U.S. DOE) at the site is available for the testing of various
prototype energy conversion machines; loan guarantee gran@ed to Bepub]1c Geothermal,
Inc. for reservoir development; a shallow, slightly brackish aquifer is present

over most of the mesa. Magma's 10 MW binary power plant will be the f1rst binary
type plant in the United States and the first hot water plant in the United States.

8
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" KGRA__COSQ HOT SPRINGS AREA MOJAVE STATE_CALIFORN

_KGRA _ | © DEYVELOPMENT o
S/IZE: 51,760 acres Numerous sha116w temberature wells have
LAND OWNERSHIP- been drilled and a deep reservoir test
Federal: 43,330 acres . was completed by U.S. Department of Energy
(BLM: 16,690 acres) in December 1977.

(Navy: 26,640 acres)
State and private: 8,430 acres

INVOLVED UTILITY: Mono Power Co. (a subsidiary of Southern California Edison)
ESTIMATED POWER POTENTIAL: 650 MW
PRINCIPAL QPERATORS (see remarks)

NAME : ~ NAME ;
WELLS: ‘ ' WELLS:
TESTS: N TESTS:

FIRST POWER PLANT

TYPE CONSIDERED: Decision pending confirmation of a reservoir
SIZE (NOMINAL):
STATUS:

SCHEDULED ON LINE:

RESERVOIR DATA

TYPE: Hot water TEMPERATURE : 390°F+ ) SALINITY : '6,000 .opm
DEPTH (TOP OF RES.): 2,000 ft MAXIMUM FLOW RATE: well was not tested
_LOAD CENTERS (see remarks) -

C/Tr: Los Angeles drea : CITY.! Bakersfield area
POFPULATION: 9 million POPULATION: 86,000
O/STANCE: 160 miles OISTANCE: 60 miles

0 G P

Granitic, metasedimentary and metavolcanic rocks extruded and overlaid by rhyolites
and andesites in the form of cinder cones, pierlitic domes and flows. VYoicanic s
flows and air falls are interbedded with lacustrine and fanglomerate deposits.
Structurally the area appears to have been under tension throughout the late
Cenozoic which caused a fault pattern to develop that served as volcanic condu-
its. Fumaroles and hot.springs are common in some parts of the KGRA.

Major portion of KGRA land is controlled by the federal government and is partially
overlain by instrumented bombing ranges operated by the U.S. Navy. This aspect, in
the past, has caused a general reluctance by the Navy to lease or allow the land to
be opened for leasing by the U.S. Bureau of Land Management. Recently the Navy has
developed a program to contract directly for the development of several square
miles of land owned in fee and to allow the U.S. BLM to commence leasing procedures
on other lands. In late 1979 the U.S. Navy and California Energy Company (CEC)
signed a contract to develop the Navy fee land. The.contract calls for CEC to ul-
timately develop 75 MW's of electrical power. The power produced on the Navy fee

VYamd . ... P
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KGRA  STEAMBOAT SPRINGS AREA WESTERN NEVADA STATE_NEVADA

_KGRA . Scov A 0
N . .
S/IZE: 8,914 acres YEAR: Unknown
LAND OWNERSHIP: OPERATOR ! Unknown
Federal: 4,457 acres DEEP WELLS: 1

Private: 4,457 acres

~INVOLVED UTILITY: Sierra Pacific Power Co. service area
ESTIMATED POWER POTENTIAL: 350 My
_PRINCIPAL OPERATORS
hhMVE?'Ph111jps Petroleum Co. NAME: Gulf Mineral Resources Co. (Gulf has ex-

: - tensive land interests in the
WELLS: 1 deep, 20+ temp. grad. and .four WELLS. None area.)

7 7 800-2,000 ft observation wells . '
| , TESTS: N
'TESTS: None | o

FIRST POWER ELANI (see remarks)
TYPE CONSIDERED:

SIZE (NOMINAL):

STATUS: .
C © SCHEDULED ON LINE:

RESERVOIR DATA

TYPE: Hot water TEMPERATURE: 400°F+ SALINITY: 3,000 ppm
OEPTH (TOP OF RES.): 2,000 ft+ | MAXIMUM FLOW RATE. --
; i
CI/TY: Reno ciTY.
. POPULATION: 150,000 ' POPRULATION:
OISTANCE: 12 miles : DISTANCE:
OLOGY AND o)

Sierra Nevada granitic rocks, highly fractured; fractures related to the eastern Sierra
frontal fault system; hot springs and siliceous sinter terraces common.

-REMARKS

Phillips Petroleum Co. drilled a deep test in mid 1979 and the test results looked
promising. A follow-up exploration program which includes three 2,000 ft. temperature
test holes is in progress.

; A utility group consisting of Sierra Pacific .Power Co. (the lead agency), Sacramento
p— Municipal Utility District, Pacific Power and Light, Portland General Electric and
the Eugene Water and Electric Board is considering the co-funding of a 50 MW plant
at Desert Peak, Beowawe or Dixie Valley provided that a suitable reservoir can be
developed and an agreement can be reached with the operator(s). In addition, the
group is considering a 10 MW pilot plant at any one of five sites (the three men-
tioned above plus Steamboat Springs and Humboldt House).. 11



) * KGRA__DESERT PEAK PROSPECT AREA RENO STATE NEVADA
(Brady-Hazen) : ,
- —KGRA DISCOVERY AND TOTAL WELL DATA
( S/ZE: 98,508 acres YEAR: 1976

LAND OWNERSHIP:
Federal: 59,358 acres
Federal leased: 26,049 acres
State and private: 39,150 acres

OPERATOR : Phillips Petroleum Co.
DEEP WELLS: 4

INVOLVED UTILITY: Sierra Pacific Power Co. service area
ESTIMATED POWER POTENTIAL: 750 MW
RINC RAT

NAME
WELLS:
TESTS:

NAME: Phillips Petroleum Co.
WELLS: & '

TESTS: Production

FIRST POWER PLANT (see remarks)
TYPE CONSIDERED:

SIZE (NOMINAL):
STATUS: =

C- SCHEDULED ON LINE: unavailable
- _RESERVOIR DATA

TYPE. Hot water TEMPERATURE - 400°F+

SAL/NITY : 6,000-8,000 pom

DEPTH (TOP OF RES.): 2,000+ ft MAXIMUM FLOW RATE: Test program under way
QA T
CITY: Reno eiry:
POFPULATION.: 150,000 POPRPULATION.
OISTANCE: 55 miles DISTANCE:
OLOG ot o

Faulted tertiary volcanics (basalts, rhyolites) overlying a metamorphosed base-
ment complex; hot springs, sinter and travertine deposits.

_REMARKS _ L L

Desert Peak area 1ies just north of the Brady-Hazen KGRA and will eventually be
included. Preliminary meetings have taken place between the operator, utility
and an engineering firm concerning the design and construction of a power plant.
Additional exploration and development work is under way.

A utility group consisting of Sierra Pacific Power Co. (the lead agency), Sacra-

mento Municipal Utility District, Pacific Power and Light, Portland General Elec-
tric and the Eugene Water and Electric Board is considering the co-funding of a 50

MW plant at Desert Peak, Beowawe of Dixie Valley provided that a suitable reservoir
can be developed and an agreement can be reached with the operator(s). In addition
the group is considering a 10 MW pilot plant at any one of five sites (the three .. _
mentioned above plus Steamboat Springs and Humboldt House). 12



KGRA__DIXIE VALLEY AREA_CENTRAL NEVADA ' STATE NevAR

 KGRA_ scov W
' SIZE: 38,989 approx. acres YEAR: 1978
LAND OWNERSHIP: . OPERATOR: Sunaco Energy Devel. Co. (Sunedco)
Federal: 38,989 .approx.-acres DEEP WELLS: 4
OLVED UTI i. Sierra Pacific Power Co. service area
STIMA oW o) . .
RINC ATORS
Nmﬂﬂ?;'Sunedco NAME: Natomas/Thermal Power Co. / Sogth1?nd
WELLS: 4 -  WELLS: 2 oyalty
TESTS:. Production . ' TESTS: Ppreliminary testing
FIRST POWER PLANT (see remarks)

TYPE CONSIDERED:
SIZE (NOMINAL):

STATUS:
.S‘C‘HE'DULE.'D ON LINE:

(_  _RESERVOIR DATA

TYPE: -- TEMPERATURE: -~  SALNITY: --
DEPTH (TOP OF FES.): -- MAXIMUM FLOW RATE: --
_LOAD CENTERS

C/TY: " Reno eiry:

. POPULATION: 150,000 POPULATION :

DISTANCE.: 110 miles | OISTANCE: o

_GEOLOGY AND GEOTHERMAL PHENOMENA

Jurassic metasedimentary rocks overlain by tertiary sediments, which are overlain by
volcanic deposits including basalt and andesitic rocks, rhyolitic flows and ash
deposits, and younger alluvial fans. Early structural history consists of complexed
folding and thrust faulting. Active structure consists of normal faults bounding a
north-northeast trending graben with horst blocks. Numerous hot springs present.
—REMARKS _ ‘
In November 1978, Sunedco completed and production tested the first deep well in the
area. Results from the test have been encouraging and have caused the drilling of two
additional wells. In addition, a two company association (Natomas/Thermal Power Co.
and Southland Royalty) have drilled two additional wells. Although the area was
discovered over two years ago, none of the involved operators have made a formal press
release concerning the potential.
(:, A utility group consisting of Sierra Pacific Power Co. (the lead agency), Sacramento
Municipal Utility District, Pacific Power and Light, Portland General Electric and
the Eugene Water and Electric Board is considering the co-funding of a 50 MW plant
at Desert Peak, Beowawe or Dixie Valley provided that a suitable reservoir can be
developed and an agreement can be reached with the operator(s). In addition, the
group is considering a 10 MW pilot piant at any one of‘five sites (the three men-

N N B LI SR



F]ELD HUMBOLDT HOUSE AREA __ BATTLE MOUNTAIN STATE _nEvADA

_FI1elD SCO A W
— TR .
L S/ZE: Unknown YEAR: 1978
LAND OWNERSHIP: OPERATOR: Phillips Petroleum-Co.
DEEP WELLS: 3
VOLVED UTILITY: Sierra Pacific Power Co. service area.
ESTIMATED POWER POTENTIAL: 47 MW
RINCIPA RA |
NAME: Phillips Petroleum Co. NAME: Union 0i1 Co.
WELLS: 2 . WELLS:1
TESTS. Production tests only TESTS: Preliminary
FIRS WER PLANT (see remarks)
TYPE CONSIDERED.
SZE (NOMINAL):
STATUS.: , '
/SCHEDULED ON LINE:
' RESERVOIR DATA
C TYPE: Hot water _ TEMPERATURE: 360°F+ SALINITY : 6,000 ‘ppm
DEPTH (TOP OF RES.): 1,800 ft MAXIMUM FLOW RATE:Unavailable
LOAD CENTERS
C/TY: Reno ) ' ciry.
PORULATION: 150000 . : PORULATION .
DISTANCE: 120 miles OISTANCE:
0G G M 0

Mesozoic metamorphosed volcanic and sedimentary rocks overlain by tertiary lake
beds in the valleys; large hydrothermally altered areas, old tuffa mounds and
other hot springs deposits; structure is high angle faults bounding basins and
mountain ranges. ) -

.. o

Phillips Petroleum Co. feels that they have only penetrated a shallow auxiliary
reservoir and that the main reservoir exists at depth and will contain water at
temperatures of approximately 430°F.- The Humboldt House area is not an official
KGRA, however, it is near the Rye Patch KGRA.

e

A utility group consisting of Sierra Pacific Power Co.(the lead agency), Sacramento
Municipal Utility District, Pacific Power and Light, Portiand General Electric and

the Eugene Water and Electric Board is considering the co-funding of a 50 MW plant

at Desert Peak, Beowawe or Dixie Valley provided that a suitable reservoir can be
developed and an agreement can be reached with the operator(s). In addition, the
group s considering a 10 MW pilot plant at any one of five sites (the three men- )
tioned above plus Steamboat Springs and Humboldt House). 14 T



KGRA__BEQWAWE _ AREA_ BATTLE MOUNTAIN \STATE NEVADA

_KGRA _ DIscov A OTAL W
4 SIZE: 33,225 acres YEAR: 1959
LAND OWNERSHIP: a ~ OPERATOR: Magma Power Co.
Federal: approx. 16,000 acres DEEP WELLS.: 8

State and private: approx. 1,600 acres

INVOLVED UTILITY: Sierra Pacific Power Co. service area
ESTIMATED POWER POTENTIAL: 127 MW
PRINCIPAL OPERATOQORS

NAME: Chevron 0i1 Co. NAME : Getty 0i1 Co.
WELLS: 4 © WELLS: none
TESTS: Limited production TESTS.: none

FIRST_POWER PLANT (see remarks)
TYPE CONSIDERED: .

SIZE (NOMINAL).

STATUS:

SCHEDULED ON LINE:

-

RESERVOIR DATA

TYPE: Hot water TEMPERATURE: 412°F SALINITY: 1,400 ppm
DEPTH (TOP OF RES.). 700 ft ' MAXIMUM FLOW RATE:1,500,000 1bs/hr +
0 RS
C/TY: Reno -t CITY. Elko
POPULATION: 150,000 ‘ POPULATION. 10,000
DISTANCE: 220 miles OISTANCE: 40 miles
~GEOLOGY AND GEOTHERMAL PHENOMENA »

Paleozoic sediments overlaid by tertiary volcanics, principally basaltic flows;
area centered along a major normal, NE-SW trending fault; numerous hot springs,
geysers, fumaroles and sinter deposits.

e alee o

: | . .

Chevron 0i1 Co. has an extensive exploration program under way which includes the
drilling of several wells. Getty 0il Co. has started a temperature gradient well
program. The field area has been unitized (Chevron and Getty 0il Cos.)

. A utility group consisting of Sierra Pacific.Power Co. (the lead agency), Sacramento
M Municipal Utility District, Pacific Power and Light, Portland General Electric and
{ the Eugene Water and Electric Board is considering the co-funding of a 50 MW plant
__at Desert Peak, Beowawe or Dixie Valley provided that a suitable reservoir can be
developed and an ‘agreement can be reached with the operator(s). In addition, the
group is considering a 10 MW pilot plant at any one of five sites (the three men-
__tioned above plus Steamboat Springs and Humboldt House). o
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s

KGRA__ROOSEVELT HOT SPRINGS AREA = MILFORD STATE__UTAH

KGRA . DISCoyv A oT W

S/IZE: 29,791 acres YEAR.: 1975

LAND OWNERSHIP: OPERATOR: Phillips Petroleum Co.
Federal leased: 24,592 acres DEEP WELLS: 9

State and private: 5,199 acres

INVOLVED UTILITY: Utéh Power and Light service area

ESTIMATED POWER POTENTIAL: 970 MW

PRINCIPAL QOPERATORS

NAME: Phillips Petroleum Co. NAME: Thermal Power Co.

WELLS: 7 WELLS: 2

TESTS.: Extensive production and . TESTS: Production
injection

FIRST POWER PLANT

TYPE CONSIDERED. Several power plant proposals are now being considered
SIZE (NOMINAL). '
STATUS .

SCHEDULED ON LINE:

RESERVOIR DATA

TYPE. Hot water TEMPERATURE . 500°F SAL/NITY : 7,800 ppm
DEPTH (TORP OF RES.). 2,700 ft MAXIMUM FLOW RATE: 1,000,000 Tbs/hr
LOAD CENTERS
C/TY: Salt Lake City area c/ry.: Las Vegas, Nevada
POPYLATION: 820,000 POPULATION: 160,000
DISTANCE: 200 miles OISTANCE.: 240 miles

QLOGY AND G MA 0

Precambrian (?) metamorphics overlaid by unconsolidated tertiary and quaternary
sediments; quaternary volcanics are present on the surface three miles east of
the field; sinter deposits in KGRA area.

-REMARKS e

Large percentage of KGRA has been unitized; cooling water may be difficult to
obtain. - ’

17
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KGRA_BACA LOCATION NO. 1 | AREA__-- | STATE NEW MEXI
(valles Caldera) ~— _ew

—KGRA - DISCOVERY AND TOTAL WEL] DATA
SIZE: 168,761 acres YEAR: 1970
LAND OWNERSHIP. OPERATOR: Pat Dunigan
Federal: 30,000+ acres - DEEE WELLS: 14

Federal leased: 18,000 acres
State and private: 120,700+ acres

INVOLVED UTILITY: New Mexico Public Service Co.

S OWER POTEN i 2,700 MU
PRINC 0 ATO

NAME: Union Geothermal Co. of New Mexico (a subsidiary of Union 0il Co.)

WELLS: 14 o ST
TESTS: Extensive production and injectiord

_FIRST POWER PLANT
TYPE CONSIDERED: DoubTe Flash

SIZE (NOMINAL). 50 MW
STATUS. Preliminary design under way by Bechtel National Corp.

SCHEDULED ON LINE: 1982

RESERVOIR DATA

TYPE: Hot water TEMPERATURE: 530°F SALINITY : 6,000 ppm
DEPTH (TOP OF RES.): 3,200 ft MAXIMUM FLOW RATE.: 50,000 1bs/hr
[ OAD CENTERS
C/TY: Santa Fe, New Mexico . c/Ty.: Albuquerque, New Mexico
POPULATION. 50,000 * POPULATION: 409,000
D/ISTANCE: 65 miles OISTANCE: 70 miles

OLOGY AND G MAL 0 ‘

Predominantly quaternary volcanics consisting of rhyolitic ash flows (tuff); sub-
sequent caldera collapse followed by localized volcanic activity; hot springs
and travertine deposits.

AR
Union Geothermal Company of New Mexico and New Mexico Public Service Co. have
entered into an agreement with the U.S. Department of Energy to construct and
operate a 50 MW demonstration plant at the Baca location no. 1; the power plant
is now being designed by the Bechtel Corporation; field development drilling
will start in mid-1979. Operations are being delayed by environmental problems
concerning Native Americans. L

19
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KGRA__RAFT RIVER AREA  SOUTHERN IDAHO 'STATE IDAHO

KGRA DIScOo Q
SlZE: 22,529 acres nEAAb 1974
LAND OWNERSHIP: OPERATOR: EG&G Idaho, Inc.

" Federal: 17,430 acres (No federal land peep weLLS: 7
has been leased under the Geothermal
Act of 1970. A 5,000 acre federal land withdrawal is pending)
State and private: 5,099 acres

INVOLVED UTILITY: Raft River Geothermal Cooperative
S D _PQWER PQT L Unavailable

PRINCIPAL OPERATOR

NAME: U.S. Department of Interior through EG&G Idaho, Inc.
WELLS: 7
TESTS: Extensive production and injection tests

F ow PLANT (The power plants will probably be operated by a utility group)
TYPE CONSIDERED: Binary Binary

SIZE (NOMINAL): 60 KW 5 MW

STATUS. . Constructed Under construction \
SCHEDULED ON LINE: ~ Compl. 1977 1980
_RESERVOIR DATA

TYPE: Hot water TEMPERATURE: 295°F SALINITY - 2,000-5,000 ppm

DEPTH (TOP OF RES.): 4,000-5,000 ft  MAX/MUM FLOW RATE: 1,500 gpm

OAD

The power produced would probably be used within the Raft River Geothermal Cooperative
service area for agricultural purposes. :

GEOLOGY AND GEOTHERMAL PHENOMENA X

~The reservoir is basically fractured granitic rock overlain by the tuffaceous sediments
of the Salt Lake formation which is also fractured at depth. The main reservoir at
depth is leaking into a shallow reservoir that was discovered in the 1930's.

—REMARKS

Area has been developed by EG&G Idaho, Inc. under the sponsorship of U.S. Department of
Energy as a research site. Experiments have been conducted on aquaculture, agriculture,
alcohol, potato waste, multiple direction drilling, injection, reservoir stimulation and
power generation. The power generation facilities are research in nature and émploy the
binary cycle system. Note that the binary system is used because the .reservoir
temperature is below 390°F.

21
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Developments in Four Corners—Iintermountain Area in 1973°

Abstract Total drilling in the Four Corners—Intermoun-
toin area during 1973 wos up from 1972. Development
drilling increased significanlly, and success rales were
higher thon in 1972, Exploratory drilling decreased, and
success rates wera lower than in 1972,

The increased prices for crude oil and natural gos poid
to producers should result in increased exploration and
development throughout the area during 1974. However,
rig and casing shortages could slow the anticipated in-
crease in drilling aclivity.

INTRODUCTION

This report summarizes exploratory and de-
velopment activities in Utah, Nevada, Arizona,
southwestern Colorado, and western New Mex-
ico (Fig. 1). Table 1 is a tabulation of this
activity. . Drilling operations in the Four Cor-
ners—-Intermountain area increased during 1973.
Development work increased by 283 wells. The
success rate for development work increased
from 84.0% in 1972 to 90.9% in 1973. Ex-
ploratory work decreased by 18 wells. Success-

ful exploratory wells decreased from 25.2% in -

1972 t0 21.6% in 1973. The San Juan basin led
the area in total drilling followed by the Uinta
and Paradox basins.

EXPLORATORY DRILLING AND SIGNIFICANT
DISCOVERIES

As during the past 4 years, the most signifi-
cant cil exploration in the Four Corners—Inter-
mountain area during 1973 was in the western
Uinta basin of Utah. Four discoveries were
completed during 1973 (Table 2; Fig. 1). The
productive Tertiary trend, which includes the
area from the Bluebell field 40 mi southwest
through the Altamont and Cedar Rim fields,
was extended southeast as a result of these ‘dis-
coveries. At year-end 173 producing wells on
640-acre spacing had been completed along the
trend. A significant deep well was drilled east
of the Bluebell field in an attempt to extend the
Tertiary productive trend northeast (Table 3;
Fig. 1). Shows of oil were present, but a com-
pletion attempt was unsuccessful. This explora-
tory failure probably delineates the northeast-
ern extent of the productive trend. Exploratory
drilling in the southeastern Uinta basin resulted
in 11 gas discoveries in Cretaceous and Jurassic
rocks.

1581

N: D. THOMAIDIS?
Salt Llake City, Utah 84171

Exploration of the Paleozoic rocks in the
Paradox basin of southeastern Utah, south-
western Colorado, and northeastern Arizona
resulted in 4 gas discoveries and 1 oil discovery.

Seven gas discoveries and 2 oil discoveries
were completed in Cretaceous rocks and 1 gas
discovery was completed in Paleozoic rocks in
the.San Juan basin of northwestern New Mex-
ico and southwestern Colorado.

DEVELOPMENT DRILLING

The San Juan basin of northwest New Mex-
ico led the area in development drilling at a
significantly faster pace than in 1972. The in-
creased price for natural gas paid to producers
makes closer spacing of gas wells economic and
has resulted in a significant increase in develop-
ment drilling. This increased pace of develop-
ment drilling should continue for the next 2
years. Successful development for Paleozoic oil
at the Tocito field was carried out during 1973
and will continue during 1974.

The significant increase in development drill-
ing in Utah was along the Bluebell-Altamont-
Cedar Rim trend in the western Uinta basin.
Development drilling along this trend will con-
tinue although at a considerably slower pace.
At the present time, 2 gas plants are in the
area, a 20-MMCFGPD plant operated by Gary
Operating Co. at Bluebell and a 40-
MMCFGPD plant operated by Shell Oil Co. at
Altamont. A third 20-MMCFGPD plant is to
be built by Gary Operating Co. in the Bluebell
area. Two twin 10-in. crude-oil pipelines are in
the area. One of these has been converted to a
heated line and transports crude from the Blue-
bell-Altamont area directly into Sait Lake City.
A feasibility study is under way to construct a
new pipeline which will carry crude oil from
the Altamont-Bluebell area northeast to major

© 1974. The American Association of Petroleum
Geologists. All rights reserved.

! Manuscript received and accepted, March 19, 1974,

? Division Geologist, Mountain Fuel Supply Com-
pany.

Appreciation is expressed to the CSD for statisti-
cal data; John Lopez, Mountain Fuel, for drafting
services; and Candace van der Meyden, Mountain
Fuel, for typing.

UNIVERSITY OF UTAH
RESEARCH INSTITUTE
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east-west pipelines in Wyoming. The increased
crude-oil price will result in additional develop-
ment drilling during 1974 at the Aneth field in
the Paradox basin.

ExrLoRATION TRENDS

At year-end 77 wells were awaiting comple-
tion, were being drilled, or were announced lo-
cations along the Tertiary trend in the western
Uinta basin of Utah. The productive area has
not been fully delineated and additional explor-
atory wells will be drilled. The discoveries in the
southeastern Uinta basin will result in additional
exploratory drilling for Dakota and Morrison
objectives.

Continued leasing and geophysical activity in
central and western Utah and Nevada could re-
sult in increased exploratory drilling in these
areas,

A strong interest in the Paradox basin of
southeastern Utah and southwestern Colorado
is indicated by continued leasing and geophysical
activity. Exploratory drilling in the Paradox ba-
sin is expected to increase during 1974,

Exploration of the Cretaceous rocks in the

N. D. Thomaidis

San Juan basin of northwest New Mexico is
expected to continue at the 1973 pace. Success-
ful development of apparently significant oil and
gas reserves in the Paleozoic rocks at Tacito field
should result in additional exploration of Paleo-
zoic objectives.

Exploratory drilling in Arizona is expected to
remain at the 1973 level.

The forecast for 1974 is for increased drilling
in both exploratory and development categories
in the Four Corners-Intermountain area. How-
ever, rig and casing shortages could slow the
anticipated increase in drilling activity.

GEOTHERMAL ACTIVITY oo ~"

Large-scale leasing for geothermal reéourcm
occurred in western Utah and Nevada during
1973. At year-end geothermal exploratory wells

were being planned for the Brigham City area .

of Box Elder County, Utah, and the Whirlwind
Valley area of Lander County, Nevada. Testing
of geothermal wells in the Jemez Caldera geo-
thermal area of Sandoval County, New Mexico,
and the Phoenix area of Maricopa County, Ari-
zona, reportedly is under way

-
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TABLE 1. COMPLETION SiMMARY, FOUR CORNERS-
INTERMOUNTATN AREA, 1973

OIL

DRY

Exploratory Tests
Arizona
SW Colorado
W. New Mexico
Revada
Utsh
Total

Development wells
Arizona
SW Colorado
W. Hewv Mexico
Nevada
Utah
Total

Grand Total

S o-nr

0

5
365
[+
22
332

%05 T3

O -~
nNw
owvioo

0o
?r."
|
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TABLE 2, DISCOVEZAJES IN FOUR CORSIAS.INTIRWQUNTAIN ARZA 1N 1973

oPERAOR, WELL

K0, & LEASZ

TOTAL

T

{(m)

Duchesnz
b-23-1v

Duchezae
1-23-3

Duchesne
T-35-k4¢

Duchesns
20=35-1¥

Grand
8-165-258

Grand
12-165-25E

Grard
10-208-23E

Grang
16-218-238

Crasd
3-218-238

Grand
10-218-23%

Crand
A-218-23E

Grand
3-215-238
Grund
17-215-23%
Grand

T7-213-232

Grand
10-215-232

8rn Juan
26+335-258

San Juen
hol36-232

Apache
9-Len.298

Apache
13~Lox-292

Dolores

T-33R-194

Chevran 011 No, 9-A-BL
Ute Tribal

Shell O81 No. )-1-8)
Srell Bt AlJenkine

Gult 011 Bo. 1
Blue Rench-Uie

Texaco Inc. Uo. 1
Texagn-Gulfl

Pease Willard flo, 1
Anderson-Fed.

Peasg ¥Willard do, 2
Arderson-Fed,

Moore Johany No. 3
V.5. Saelting-Fed.

Adsk Energy Ho. 1 State
Vukesovich Drig. Ho. & Fed.

Vukagovich Drig. No.

Vukasovich Drig.
Vukasovich Drig. Mo. 7 Fed.

Adax Energy No. & Ped.

Adak Epsrgy Uo. 5 Ped.
Vukasovich Drlg. No. 10 Fed.
Mtn. Fuel Supply Uo. 2

Pilute Knoll

Merrion & Bayless No. 3k-1
White Belley Wash

Azerican Fuels No. 1
linva3o

Unlversal Resources
flo. 115 Kavajo

Cherokes & Pittsbuwrg
No. 1 Croas Caayon Unlt

13,50

1,718

12,650

Vazatch
Wnsateh

Vasatsh Greea River

& “da3atch

Yasatcd Vazazeh

Cedar ¥in. T.020 Cedar M.

Cedar Min. 6,235 Cedar ¥in.

Yarelson 2,104 Marrison

Zaireda 160 Dakote

Yorrison Horrison

Yorrison Forrison
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Rarrison ¥orrisga

Norrisca 1,150 ¥Yantos Dak.,
Buckhorn,
¥orelson

Xorrison 1,200 Bakota

¥orrtses © 1,k52 ¥orriscn

Cesers Crk. 3,772 Isaay

Organ Rock 2,076 Qraan Rock

Xisa, L, 822 Tamay
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Tedert Orke,
Axab, Darasr
Cri
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Tesert Crk. 5,91% Tezay

Cisco . o/B
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7352253
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130-14852
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TABLE 2. (Gonctaned)
21, La Plata Trask M.F. ¥t AL /72 1,351 Polat 928 Memetce s.1. Red Mrsa  O/E
61114 To. | Long-Barels Loakout Ges Well
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Developments in West Coast Area in 1973*

Abstract Exploratory atlivity in Washington declined.
One exploratory well in Oregon was drilled during the
year. Exploratory drilling in Califoraia increased mod-
" erately over 1972, Most of the increase was in wells
drilled primarily to find gas. The number of wells drilled
in California waos less than in any year since 1942,
New oil ond gas discoveries reversed the trend of
the past several years and showed o significant increase
in the volume of reserves discovered. There were §
significant oil discoveries, but no new oil-field discoveries,
ond 9 significant gas discoveries mode in Californio, Ex-
ploration activity wos high in the Saccromento VYalley
ond in the Outer Basins oreo south of the Santo Barbara
Channel (slands. A campaign of deep drilling was
initioled in Califarnia which will continue in 1974.
Geothermal exploration continued in northern Cali-
fornia. One geothermal test was drilled in south-central
Oregon. The Geysers became the world's largest producer
of geothermal power. Testing continued in the Imperial
Valley to determine if highly soline and lower tempera-
ture reservoir fluids con become a commerciol source of
power.

INnTRODUCTION

West Coast exploration and development ac-
tivity for 1973 are summarized in this report,
which covers the states of Washington, Oregon,
and California. Data from exploratory and de-
velopment drilling were compited by the West
Coast CSD Committee and listed by the Amer-

- ican Petroleum Institute Division of Statistics

and Economics. Oil and condensate production
information was provided by the Committee
of California Oil Producers. Dry gas produc-
tion and geothermal statistics were furnished
by the State of California Division of Oil and
Gas. ‘Data on geophysical activity were ob-
tained from the Exxon scouting report through
the courtesy of the Society of Exploration Geo-
physicists and may be some 20% lower than
those which will be reported by the SEG. Oil
and gas reserve estimates were provided by the
API and the American Gas Association.

WASHINGTON

During 1973, 4 unsuccessful exploratory
wells were drilled in the state. A fifth well re-
ported as drilling in 1972, Ozark Development
Co., Ozark State 1 in Lewis County, reached
TD 2,875 ft and was abandoned. Two wells in_
Clallum County near the town of Forks were’
drilled by Eastern Petroleum Co. The wells

D. H. PFEIFFER®

San Francisco, California 94119

.Soleduck 1 and Sniffer-Forks 1 reached TDs -

of 1,680 and 3,095 ft, respectively. Develop-
ment Associates M. A. Baker 1-30 in Grays
Harbor County was abandoned at 4,200 ft. A
shallow well, Concept Resources Concept-
Orting 2 in Pierce County, announced as a

1,700-ft test, drilled to 680 ft and was sus- -

pended. None of these wells was reported by
CSD. No geophysical activity was reported in
the state during 1973. Odessa Natural Gas Co.
and Washington Water Power acquired leases
at Grays Harbor County lease sales. Most of
the 1973 exploratory activity in the state was
directed toward finding gas.

ORecoN

Permits to drill a well in Malhuer County
finally were granted Standard Qil Co. of Cali-
fornia. The Blue Mountain Unit 1 was aban-
doned at TD 8,414 ft. No information .on this
well has been released. No other exploratory oil
and gas wells were drilled in Oregon during
1973,

No geophysical activity was reported in 1973.
Lease activities slowed somewhat as compared
to 1972, but Mobil Oil Co. was reported leas-
ing in Lane and Douglas Counties.

CALIFORNIA

Exploratory drilling increased moderately in
1973. A total of 220 exploratory wells of all
classes was drilled during the year as compared
to 185 wells in 1972. About the same number
of new-field wildcats were drilled, 89 versus 86.
Exploratory drilling statistics are listed in Table
1. An offshore well, drilled by Standard Qil Co.
of California, was not listed by CSD nor is it
included in the drilling statistics.

Two core holes were drilled by American
Petrofina in the Los Angeles basin. Vernon
Core Hole 1 reached a TD of 14,938 ft and
Vernon Core Hole 2 drilled to 3,948 ft. A
third core hole, not reported by CSD, was

© 1974. The American Association of Petroleum Geol-
ogists. All rights reserved.

* Manuscript received and accepted, April 1, 1974,
*Standard Oil of California Western Operation Inc.
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drilled by Standard Oil Co. of California in the
San Fernando Valley; the core hole, Mission
Properties 1, was abandoned after several re-
drills. )

Between 1972 and 1973 there was ittle
change in the number of exploratory wells

- drilled primarily to find oil. Exploratory wells

drilled primarily to find gas increased from 81
in 1972 to 117 in 1973. Most of this increase
was in new-pool wildcats which doubled in
number from 26 to 52.

The 1973 success ratio of all ¢lasses of ex-
ploratory wells increased by 1.5%, from
14.0% in 1972 to 15.5% in 1973. There were
no successful new-field wildcats -drilfed pri-
marily to find oil in 1973. Successful new-pool
wildcats drilled primarily for gas increased
from 3 in 1972 to 8 in 1973. This increase plus
increases in the number of successful deeper
pool tests and extensions caused the success
ratio of all classes of exploratory wells to
increase.

In 1973 the percentage of exploratory wells
drilled by major oil companies decreased from
31.7% in 1972 to 25.5%. Majors drilled about
the same percentage of gas wells, but wells
drilled to find oil decreased from 37.0% to
11.4%. Table 2 lists the distribution and suc-
cess of exploratory drilling in California by
major compdnies and others for 1973.

Discoveries

A total of 34 wells is listed as discoveries by
CSD. Of this total 5 oil wells and 9 gas wells are
considered significant. An extension, not listed
by CSD or included in the drilling statistics,
was made by Standard Qil Co. of California at
P-0215 No. 1 in the Santa Barbara Channel.
Significant oil and gas discoveries are listed in
Tables 3 and 4 and are indicated by number on
the California maps (Figs. 2, 3).

The most significant onshore oil discovery
was Standard Oil Co. of California’s 333-7R in
Kern Couity (No. 5). This well discovered a
new pool in the Miocene Asphalto sandstone.
The pool, designated Tule Elk, is a stratigraphic
trap formed by the sandstone pinching out
against the plunging nose of the West Elk anti-
cline. It is separated from the previously known
production in the Elk Hills Naval Petroleum
Reserve by wet sandstone or by nondeposition
of the reservoir sandstone. Approximately 90%
of the pool lies outside the Elk Hills Naval Pe-
troleum Reserve. The discovery well had an
initial production of 6,940 b/d oil and 1,410
MCFGD gas. Oil gravity was 23.3° APIL. The

new pool was developed rapidly reaching a pro-
ducing rate of 18,000-b/d at year-end.

In the Sacramento Valley Shell Oil Co. made
2 new-field discoveries. At Putah Sink, Shell 1
Shoshone Cowell (no. 9) was tested at 10,000
MCFGD from Cretaceous sandstones. The sec-
ond discovery was the 1-25 Silva-Betts desig-
nated the Sacramento Airport field (No. 14).
Production is from Paleocene sandstones. Shell
also made 2 new-pool discoveries in Paleocene
sandstones at the 1 Natomas 1.O.C. (No, 10)
and 1 1.O.C. (No. 11) in the Conway Ranch
field.

Standard Qil Co. of California in the Santa
Barbara Channel extended a Union Qil Co. dis-
covery. This well, Standard P-0215 No. 1 {No.
15), tested commercial rates of oil before it
was suspended. The remaining oil and gas dis-
coveries in California appear to be of small
size and are not listed.

ExprorATORY METHODS

Three core holes were dritled in Los Angeles
County, 1 in the San Fernando Valley (No.
16) and 2 in the Los Angeles basin (No. 17).

Onshore geophysical activity increased from
50 crew-months in 1972 to 77 crew-months in
1973. Much of this work was done in the Sac-
ramento Valley where “Bright-Spot” analysis
has led to the discovery of several new gas
fields.

Offshore geophysical activity increased from
3.2 crew-months in 1972 to 13 crew-months in
1973. Most of this work was done in the Outer
Basins area south of the Santa Barbara Chan-
nel Islands. One crew-month of gravity and
maguaetics was reported from this area. In ad-
dition, there were 10 crew-months of bottom
sampling in the Outer Basins area. This work
was doune in response to the Bureau of Land
Management call for nominations in the area.
Geophysical work was continuing in the area
early in 1974,

Mobit Oil Co. initiated a core-hole drilling
program on Santa Rosa Island (No. 18). Four
core holes were completed and a fifth was drill-
ing at year-end. No information on the results
of these core holes has been released.

A campaign of deep drilling was undertaken
in 1973. The depth record in California was
extended 158 ft by the Great Basins~Tenneco
31X-10, in Sec. 10, T27S, R22E, Kem County
(No. 19), which reached a TD of 21,640 fi.
Encouraging shows of oil and gas were found
while testing, but the well was plagued by
mechanical problems and, after an extensive
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testing program, was abandoned. Two deep
wells were drilled in Kern County. Mobil Tup-
man USL 1-10, Sec. 10, T28S, R23E (No.
20), drilled to 20,753 ft and began a testing
program which was continuing at year-end. The
well was abandoned early in 1974. As with the
Great Basins well, mechanical problems "pre-
vented making a diagnostic test. Texaco San
Emidio 1, Sec. 14, T1IN, .R22W (No. 21),
was the second deep test. While drilling at
20,704 ft the bit stuck and was left in the hole.
Attempts to sidetrack were unsuccessful. The
well subsequently was plugged back and a test-
ing program was initiated. In January 1974 the
well was designated a new-field discovery, the
Yowlume oil field.

In Veantura County, Shell drilled a deep test
on the Ventura Avenue anticline. The well Shell
Taylor D.T. 653, Sec. 21, T3N, R23N (No.
22), was drilled to 21,500 ft TD. Preparations
were being made to test the well at year-end.

A new depth record was set in the Sacra-

mento Valley by the Great Basins Cache Creek-

1, Sec. 8, T9N, RIE, Yolo County (No. 23),
which was abandoned at TD 18,275 ft. The
deep drilling campaign still leaves unanswered
the question of whether or not California sand-
stone reservoirs will produce commercial vol-
umes of oil from depths greater than 12,000 ft.

DEVELOPMENTS

For the first time since 1959 the number of
oil wells completed in California dipped below
1,000. Total number of wells drilled was less
than in any year since 1942 when drilling was
restricted by wartime shortages. Drilling sta-
tistics are listed in Table 5. ]

This drop in drilling was caused by several
factors. First, the new-field and new-pool dis-
coveries made on shore duririg the past 4 years
have been few and quite small. Sccond, the
drilling moratorium on state tidelands prevented
development drilling on state leases. Another
factor was the delay caused by the requirement
for an environmental impact statement before
development drilling on Santa Barbara Chan-
nel OCS leases could be permitted. As a result,
indicated discoveries with the potential of more
than a billion bbl of oil remain undeveloped.

A draft environmental impact statement for
development drilling on Santa Barbara Channel
outer continental shelf leases has bzen prepared
by the USGS. Public hearings on the EIS were

held late in 1973. It is expected that a final

statement will be filed early in 1974. Then
Exxon, as operator of the Santa Ynez unit, will

D. H. Pfeiffer

be issued a permit to install a development plat-
form. Antidrilling forces no doubt will test this
approval in the courts.

In the Los Angeles basin, Occidental Petro-
leum was granted a permit to drill 2 core holes
at Pacific Palisades in the city of Los Angeles.
These core holes were intended to evaluate a
significant discovery made séveral years ago.
Occidental had erected a rig on location and
was preparing to commence operations when

the company was enjoined from drilling by the -
California Supreme Court. Basis for this injunc--

tion was a suit by No Oil Inc. seeking to force
the city of Los Angeles to file an environmental
impact statement before issuing Occidental a
permit to drill. Occidental, in a brief prepared
for submission to the District Court of Appeals,
estinated that the city of Los Angeles is denied
the use of 15,000 b/d of low-sulfur crude ail
and 27,000 MCFGD of natural gas.

ADDITIONS TO RESERVES

In 1973, 269.1 million bbl of new-oil re-
serves were added in California. New discov-
eries accounted for 35.8 million bbl. Extensions
and revisions comprised 234.3 million bbl. Pro-

duction during 1973 was 335.7 million bbl. As.

a result, California year-end reserves are esti-
mated to be 3,488 million bbl,, a net reduc-
tion of 66 million bbl.

Industry was more successful in exploring
for dry gas (nonassociated) than for oil. Dur-
ing the year 359.9 Bef of dry gas were added
to reserves in California. New discoveries ac-
counted for 54.3 Bcf. Extensions and revisions
comprised 305.6 Bcf. Dry-gas production was
275 Bcf during the year. Reserves of dry gas
were estimated to be 2,380 Bcf at year-end, an
increase of 90.1 Bcf. .

TRENDS

The reductions in exploratory drilling and
production in California are shown on Figures
4 and 5. A reversal in reserves discovered per
new-ficld and new-pool wildcat was made in
1973. Unfortunately the 2 significant oil dis-
coveries made during the year were not produc-
ing in March 1974. The Tule Elk pool was
shut in by court order on February 14, 1974.
Production will remain shut in until the dispute
between the Secretary of the Navy and Stan-
dard Qil Co. of California over drainage of the
Elk Hills Naval Petroleum Reserve has been
settled in the courts. An indicated extension in
the Santa Barbara Channel, made by Standard
Oil Co. of California,  will require further

‘s . A
SVLIOH

st

i

L

YRR

o

:‘n';‘w——; N,

AN

evaluation befor
ment plan for
made. It is hog
plagued with th
Exxon at the Sa

An explorato;
California is dee
known oil fields
started in 1973
1974.

Industry has
Sacramento Val
the increased g
should cause a |
be drilled in the

Increased pri
gas have given
centive to explo
mental conflicts
few rabid antioi
explore for and
duction. Until t
portunity to dt
already have be
fands, the West
dependent on i
gas.

GEOTHERMAL
In the Geys




pment plat-
All test this

'ntal Petro-
. core holes
os Angeles.
evaluate a
years ago.
cation and
tions when
ling by the
this injunc-
ng to force
sironmental
ccidental a
ef prepared
of Appeals,
es is denied
ir crude oil

new-oil re-
Jew discov-
. Extensions
on bbl. Pro-
lion bbl. As
res are esti-

net reduc-

n exploring
or oil. Dur-
were added
coveries ac-
nd revisions
duction was
; of dry gas
year-end, an

drilling and
1 on Figures

¥

P

.

2
*
3
A
-w

&

scovered per -

/as made in
cant oil dis-
: ot produc-
lk pool was
ry 14, 1974.
il the dispute
ry and Stan-
ainage of the
ve has been
extension in
by Standard
uire further

Developments in West Coast Area in 1973

evaluation before the decision to file a develop-
ment plan for the Santa Clara unit can be
made. It is hoped that Standard will not be
plagued with the same delays experienced by
Exxon at the Santa Ynez unit.

An exploratory tool finding increased use in
California is deeper drilling in and adjacent to
known oil fields. A deep drilling car?paign was
started in 1973 and is expected to continue in
1974,

Industry has been leasing actively ia the
Sacramento Valley. This leasing, coupled with
the increased geophysical activity in the area,
should cause a number of exploratory wells to
be drilled in the area during 1974.

Increased prices for crude oil and natural
gas have given the oil industry adequate in-
centive to explore in the West Coast. Environ-
mental conflicts between the oil industry and a
few rabid antioil groups still impede efforts to
explore for and develop new oil and gas pro-
duction. Until the oil industry is given the op-
portunity to develop new discoveries which
already have been made in the California tide-

lands, the West Coast will become even more

ependent on imported crude oil and natural
gas.

CEOTHERMAL
In. the Geysers area of Lake and Sonoma

Counties, California (Fig. 1, GP1), 30 steam
wells were completed for production. This area
became the world’s largest producer of geo-
thermal power in December 1973. Generating
capacity in the area now is rated at 396,000
KW from 10 generating units. Five additional

‘units are planned. When these are completed,

generating capacity at the Geysers will reach
908,000 KW,

A joint venture has been formed by San
Diego Gas and Electric, Magma Power, and
Standard Oil Co. of California. The group is
building a pilot plant to test a 1972 geothermal
discovery near Heber (GP2). This plant will
use energy developed by a heat exchanger. If
this test is successful the way will be open for
the development of geothermal power in areas
where reservoir fluids exhibit high salinity
and/or low temperatures.

Gulf Oil Co., active in prospecting in north-
ern California and southern Oregon during
1973, drilled 2 wells in Lassen County and 2
wells in Modoc County, California (GP3). The

regon well was in Lake County (GP4) near
the town of Lakeview. Phillips drilled and aban-
doned a shallow geothermnal test in Plumas
County (GPS5). Magma drilled 3 geothermal
tests in the Imperial Valley (GPZ) and 1 in
Modoc County (GP3).
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Table 1. Summary of Exploratory Well Conp.latlens by All Operators in California in 1973
(Peported by CSD of AAPG)
Number of Welis Cmgleted Explorntory Footaze R, Eglora!orz Fnotage-
All Succens. E Total for  Success. T All Success. Fef
Wells Yells Succeos  All Wells TFootage . Surcess Wells Success, Vell
New-Fleld Wildcats
Drilled primarily to find ofl &35 0 - 258,080 ] - 3,735 -
Orilled primarily to find gas _45§ 2 4.5 267,704 12,574 4.7 6,084 6,287
! Total 89 2 2.2 525,784 12,574 1.4 5,908 6,287
- New-Pool {ldcate
N Drilled primarily to find oil 18 3 16,7 110,728 23,240 21.0 6,151 1,747
¢ Drilled peimarily to find gas _52 _8 15,4 240,398 46,908 19.5 4,623 5,864
5 Total 70 11 15.7 351,126 70,148 .0 5,016 6,377
X Deeper Pool Testa .
o Orilled privarily to find ofl 1 2 18,2 94,764 14,360 15.2 8,615 7,180
b Drilled primarily co find gas 5 1 20.0 39,531 3,489 18.0 8,106 3,488
¥ Totsl 16 3 18.8 175,295 719,848 15.8 7,831 6,616 -
N
-E Shellover Pool Tests .
H Drilled primartily to find oil [} ] - ] o
2 Drilled primarily to find gas A 1 100.0 944 944 100.0 944 9b4
. Total 1 1 100.0 944 944 100.0 944 944
C Extensions
~ Drilled prinmarily to find oil 29 12 41.4 161,704 71,195 4.0 5,576 3,93
LI . gt Drilled primarily to find gas 15 - 33.3 89,222 34,673 . 38.9 5,948 6,935
R '; Total &4 17 38.6 250,926 105,868 2.2 5,703 6,228
L i All Exploratery Walls .
E = Drilled priwmarily to find otl  10) 17 16.5 625,276 108,795 17.4 8,071 4,400
I - Drilled primarily to find gas _11J A7 14,58 628,799 100,587 16.0 5,374 5,917
. k- pib Toral 220 34 15.5 1,256,075 209,382 16.7 5,700 6,158
. [N
Y -:, * Redrills counted as separate wells. .
Bt TN
CUN
<
L) 9 ol
1A -
< . . r- .
RN -
ST :'? Table 2. Distribution and Success cf Exploratory Drilliag in Caltfornla
» - by Major Companies and Others, 1973
g . - Y of Wells Drillad % of Expl, Footage Success NEW
B T ALl All T Wells X Footage Av. Total
> 3 Tt Ciasoes U Clasnes NP All classes All Closses Fr/Well
i ~ All Exploratory Wells N 5,908
. - Majors 25.3 19.1 28.7 50.9 30.4 28,2 6,013
a . N St Others 7.5 80.9 n.a 49.1 10.4 12.0 s,883
o B oo
= Walla Drilled Primarily to Find 0il 6,071
K LI S Majors . 11.4 17.8 15.8 26.0 32.0 28.4 7,742
3 PR 5: : Othars 35.5 82.2 3.0 76.0 1.5 12.3 5,301
. ]
3 e o Wells Drilled Primarily to Find Cas 5,374
il . Ul Majora 15.1 20.5 12.9 15.0 29.0 28.0 4,476
413 Othera | 39.0 79.5 37.3 85.0 9.3 1.8 6,498
Al
' ., ' .
5% é
58 I
a : v * TABLE 3. Signiftcant California Oi1 Discovertes For 1373 Reported By CSD.Of AAPG
B¢ - . " Total Prod. Age of Name of
I ~ 7 R Hap Operator County Camp. Dapth  Depth js4 Prod. Field or
i o Ho. Vell lame Location Date (Feet) (Feet) _B/D APL GR® ™, (Pool) Class
> 4 1  Lavronce Baker, Jr. Vantura 2-7-73 1,264 4,932 24 26.7 Hiocene Sisar- Ext.
LN 1-8aker-Ferndale Sec. 1§, T4N, R2IVW Stlverthread New Area
b5 v (Enst)
s * 2, Tenneco Karn 2-22-73 12,062 11,547 268 £5.0 Hiocene Paloma Drd
3 ot 58 Tenn-CBR~Tiger-Paloma Sec, 3, T32S, R26E (L Stevens)
¥ ¥,
" i 3 Mostars Pet. Co. Kern 5-24-7) 6,005 5,405 43  35.7 Miocene Lost NIlls  NPD
e %3 73 Cetty Sec. 17, T27s, R21E {Cahn) Ext.
F IRy, .
i .: ' 4  Overland Pat. Co., Kera 6-7-73 7,220 6,146 110 31.0  Mioceme Cynric HPD
F38 4 Cox-Tesoro Sec. 21, T295, R21E (Phacotdes)  Ext.
3 s - 5 Standard of Cal(f. Kern 9-14-73 10,015 6,985 6,940 3.3  Miocene ELk Hills NFD
£y ! 333 7-R Sec. 7, 1305, R2IE (agphalto)
i
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Developments in West Coast Area in 1973

TABLE 4. Californla Gas Diecoveries Fer 1973 Reporced By CSD Of AAPG

Total Prod, Age of Naoe of
Operator County Comp. Daepth Depth 1P Prod. Field or
Vell Hame Location Date (Peet) (Feet) MCFCD Pn (Pool)

Union of Calif.
4 Sonol Securities

San Joaquin . 1-26-73 9,999 9,885 5,500 Cretaceous Union Island
Sec. 10, T15, RSE (Winters)

Atlantic~Sumpf-Willians Yolo 3-21-73 5,658 5,410 3,000 Cretaceous Tod hunters Lk,
1 Andco Sec. 12, TEBN, R2E {Starkey)

Montara Pet. Co. Herced - $-5-73 .8,182 2,377 1,827 Miocene Cowchilla
1 Greens Sec. 36, T9S, R1IE : {Zilch)

Shell 01l Ca. Yolo 6~-11-73 6,975 6,500 10,000 . Cretaceous Putah Sink
1 Shoshone-Covell Sec. 34, T8N, R3E

Shell 011 Co. Yolo 6-14-73 4,700 3,080 5,310 Paleocens Comeay Ranch
1 Natomas 1.0.C. Sec. 9, T4, RIE

Shell 011 Co. Yolo . 1-3-13 4,504 3,123 6,250 Paleccens Conway Ranch
1 1.0.C. Sec. 13, T94, RIE

Standatd 011 Calif, Solano 9-35-73 8,175 3,225 1,700 Miocene
& Van Sickle Cas Unit Sec. 32, TIN, RIE 4,466 Rd

Van Sickle Ia,
Atlentic 01l Co. Yolo 9-20-73 3,599 3,318 2,000 Paleocene Vinchester Lk,
2 Wincheater Lk. Sec, 17, TN, R4E

-
Shell 0i1 Co. Sacraneato 11-30-73 3,062 2,470 3,000 Paleocens Sacranento
1-25 Silva-Bette Sec. 25, TION, RI® Alrport

Table 5. Completion Summary in California, 1973

011 Gas Dry Total % Success

Exploratory Wells 17 ) 186 220
Development Wells* 867 44 95 1,006

Total 884 61 281 1,266

* Excludes 114 Service VWells

Table 6. Production in California 1972-1973

3 Do~ P
wr e nend cebam 'y iy

B T IV Lo LT R P -y 5 SR PP J RSP

11972 1973 Cum. to 12/31/73

0i1 (bb1l)
Condensate (bbl)
Total liquids (bbl)

346,800,000
331,500
347,131,500

335,700,000
315,500
336,015,500

16,400,000,000
41,320,800
16,441, 320,800

Dry Gas (MCF)* 274,346,000 275,000,000 6,956,654,000

* Includes state tidelands.
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ABSTRACT

From 1968 to 1975, exploration for geothermal resources
in the Western United States increased rapidly. The pace
accelerated in late 1973 due to the rise in the price of energy.
Energy demand and a favorable economic climate should
sustain geothermal development in the ‘future.

Federal and state lands are now becoming available, and
efforts are being made to speed the leasing programs.

Extensive exploration and development are ongoing at
The Geyser's and there have been significant discoveries
made in the Imperial Valley, California, and at the Valles
Caldera, New Mexico. Exploration is continuing at Beowawe
and Brady's Hot. Springs, Nevada, and Surprise Valley,
California. In addition, exploration has been increased in
portions of Utah, Idaho, Oregon, and Arizona. Discoveries
have been sparse, but should improve as land becomes
available and exploration is expanded. '

Exploration and utilization technology is advancing, but
a greater effort is required to meet the demand.

Environmental, legal, and institutional problems are still
delaying exploration and development; however, increased
coordination of federal, state, and local government regula-
tory programs has been proposed and if undertaken could
speed development.

The federal government is heavily financing research and
development, including exploration and utilization technolo-
gy and solutions to environmental, legal, and institutional
problems.

INTRODUCTION

Exploration of geothermal systems in the United States
increased steadily through the late 1960s and the first half
of the '70s. Stimulus came from continued successful devel-
opment of geothermal electricity at The Geysers, California,
from legislation enabling the leasing of public land for
geothermal exploration, and from increases in costs of
traditional forms of energy.

Significant discoveries were made in the Valles Caldera
of New Mexico (Figure I). Wells of potential importance

. were drilled in three widely separated areas of the Imperial

Valley of California (Heber, East Mesa, North Brawley),
at Rooscvelt, Utah, and in the Carson Desert of western
Nevada. Drilling continued in varying degrees in previously
explored areas of Surprise Valley, California; Beowawe,
Nevada; and near Niland in Imperial Valley. However,
several areas previously thought attractive, such as Steam-
boat Springs, Nevada, and Long Valley, California, were
not drilled further. Part of the reason for this may be the
continued unavailability of public land in these regions.
Wildcat wells were drilled with little or no success at
numerous locations in Oregon (La Grande, Lakeview), Idaho
(Mountain Home), California (Honey Lake, Sierra Valley,
Mono Lake, Kelly Hot Springs), Utah (Brigham City),
Arizona (Casa Grande, Chandler), and Nevada (Tipton).
Deep exploratory holes were drilled at varying distances
from the proven productive area at The Geysers. Certain
of these resulted in extension of the known steam ficld
to the north, east, and south. Others were not productive.
Finally, public funds were used to finance drilling for
research purposes at Marysville, Montana, Raft River,
Idaho, Kilauea, Hawaii (not.shown on map), and west of
the Valles Caldera of New Mexico.

Beginning in the middle 1960s, several states have passed
laws to allow the leasing of state land for geothermal
exploration. Leases of state land in California were granted
as early as 1968. This has been followed by sale of geothermal
leases by Oregon, Idaho, and New Mexico. The Geothermal
Steam Act of 1970 established the legal framework for leasing
of geothermal resources on federally administered public
lands. Procedures for the actuval leasing of public land
required approximately three years to formulate, and the
first applications were accepted in January 1974, Since that
time, leases of approximately 100 000 acres of public land
have been sold on a competitive basis in four states (Califor-
nia, Oregon, Nevada, Utah), and noncompetitive leases have
been granted on about twice that acreage in Utah and
Nevada. This has a potentialiy vast importance in furthering
exploration, as nearly two-thirds of the total land in the
western United States is publicly owned. For example, the
important prospect at Roosevelt, Utah, is on federal acreage.
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Figure 1. Geothermal exploration and development in the
western United States, 1968-1974.

The Department of the Interior has a stated goal of awarding
1 000 000 acres in geothermal leases by the end of 1975.
Thisrepresents approximately 10 percent of the total acreage
covered in applications for lease.

LEGAL AND ENVIRONMENTAL PROBLEMS

As problems have decreased concerning the availability
of land in the past 18 months, problems have arisen concern-
ing the compatibility of geothermal exploration and develop-
ment with the legal requirements of environmental protec-
tion. These problems have erupted into conflicts over the
issuance of specific leases of public Jand or permits to drill,
especially in the state of California, with its stringent
environmental act (California Environmental Quality Act).

Environmental safeguards are stipulated in leases of public
land. Further, certain classes of public land (national parks
and monuments, for example) are closed to geothermal
exploration, and there is wide discretion to deny leases
for land in national forests and other areas of designated
use. .

Concurrently, there have continued to be problems (often
involving court action) over the nature of the geothermal
resource, its relationship to water resources, and its owner-
ship in cases where ownership of surface rights is severed
from ownership of mineral rights. Several states, following
the implicit definition in the Geothermal Steam Act of 1970,
have declared geothermal resources to be sui generis, a
separate category of resource subject to legislation and
regulation specific to it. This has not stopped legal and
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administrative efforts in several states to make geothermal
exploration and development subject to regulation under
water rights law. Most recently, several states have consid-
ered legislation to give ownership of geothermal resources
to the state. .

FINANCING

Financing for geothermal exploration, research, and de-
velopment has become more plentiful in the past few years,
from both private and public sources. This has been accom-
panied by improved access to markets as electric utilities,
government agencies, and major industrial users of energy
have expressed greater willingness to develop and consume
geothermal cnergy.

The federal budget for geothermal research, development,
and regulation has grown to about $50 million at this writing,.
This has funded research by the U.S. Geological Survey,
and by numerous research laboratories, universities, and
private companies. This has included assessment of the
quantity and nature of the geothermal resource, testing of
exploration methodology, development of instrumentation
and technology for utilization, and attempts to resolve
various legal, institutional, and environmental problems. Not
all of these research projects have born fruit.

Because there is no adequate assessment of the extent
of geothermal resources in the United States, companies
have tended to lease extensive acreage prior to carrying
out dctailed exploration. Because of the difficulties in
assembling large blocks of dcreage (legal and title problems,
federal holdings. land withdrawals), leasing has been com-
petitive and increasingly expensive. Data of exploration
largely are proprietory. Even the specifics of which surveys
are used under which field conditions tend to be kept
confidential.

EXPLORATION PROCEDURES

There has been increased use of geoelectric surveys
(dc-resistivity, clectromagnetic soundings, magnetotelluric
surveys), as well as temperature-gradient drilling, hydo-
chemical surveys, and passive seismic surveys in the past
decade, and lessened reliance upon aerial infrared surveys
or aeromagnetic and gravity surveys. Increasing attention
has been given to the geologic delineation of geothermal
provinces on the basis of regional structures, plate 1ectonic
theory, and extrapolation outward along previously identi-
fied features. Drilling of temperature-gradient holes has
become the most widely used exploration too! in The Geysers
area.

The Geysers, California

Although there is far less drilling of deep exploratory
holes without prior geological, geophysical, and hydro-
chemical exploration than in previous decades, several
companies continue to drill deep holes solely on the basis
of land control. As the availability of obvious targets has
lessencd, so has the success rates of these random holes.

Drilling has progressed to greater depths, in response (0
the increased value of steam, improved methods of explora-
tion, and a decrease in obvious, shallow targets. Average
well depth at The Geysers is 2 300 m. Wildcat drillings
elsewhere have gone to as great-a depth as 3 300 m. Few
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significant holes are drilled to less than 1 200 m.

Generation capacity at The Geysers presently is about
500 mW. Four additional plant sites have been chosen, for
the generation of an additional 400 mW. These may come
on line in 1978. Nearly 200 deep holes have been drilled
at The Geysers. Its area of proven productivity is greater
than 40 km?2, and exploration is continuing at its present
margins. Estimates of total sustainable yield run to 2 000
mW or more. )

Geologically, the source of heat is related to late Quater-
nary volcanism and shallow intrusion in an area north and
east of The Geysers. The region of extrusion and intrusion
may exceed 600 km? in area, and an area in excess of
1 500 km? may be abnormally hot at depth. The reservoir
is fractured, brittle, Mesozoic Franciscan graywacke of great
thickness and lateral extent and is vapor dominated. Blow-
down from the power plant cooling towers is reinjected
into the reservoir, both on environmental grounds and to
maintain mass and pressure within the reservoir. Reinjection
comprises about 20 percent of production.

Hot water reservoirs of lower enthalpy have been encoun-
tered by drilling at distances of 20 to 40 km to the north
(Clear Lake, not shown on map), northeast (Wilbur Springs)
and southeast (Calistoga) in areas undertain by Franciscan
graywacke, Tertiary volcanic rocks, and Mesozoic mafic
and ultramafic rocks. Conditions at depth across the inter-
vening distances are unknown.

Local opposition to geothermal development, based on
the desire to preserve rural values, has slowed exploration
through widespread use of regulatory and appellate hearings.

Jemez Mountains, New Mexico

The Jemez Mountains of northwestern New Mexico have
as their principal feature a Quaternary caldera over 100
km*. Within the Valles Caldera, 15 holes have been drilled
to an average depth of almost 2000 m near the southwestern
caldera margin. Extensive field tests of reservoir capacity
and performance are scheduled for the summer of 1975,
and the operator is negotiating with a local electric utility
for the construction of a power plant. The reservoir contains
hot water at temperatures that exceed 250°C. Its extent
is unknown. To the west of the caldera, holes have been
drilled for research purposes into Precambrian crystalline
rock of the Nacimiento uplift. Attempts are being made
to fracture the hot, essentially impermeable amphibolite and
gneiss. This is the so-called hot, dry rock experiment. Other
companies have taken leases in the vicinity and geophysical
exploration is active.

Imperial Valley, California

Exploratory holes have been drilled at four locations
across an 80-km distance in the Imperial Valley. Reservoirs
contain hot waters of varying salinities. Highest temperatures
(over 300°C) and enthalpies (250 cal/gm) are found in the
area of greatest salinity (over 250 000 ppm TDS) at Niland.
Exploratory drilling and research into treatment of the high
salinity brine have continued at Niland, without satisfactory
l’e_solution of problems of corrosion, scaling, and waste
disposal. On the East Mesa, the U.S. Bureau of Reclamation
'S attempting desalination of water using the thermal energy
of low salinity (15 000 ppm) geothermal brines. At Brawley,
three holes have been drilled into a low salinity reservoir;
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six holes have been drilled at Heber. In each of these,
evaluation of reservoir conditions is continuing. Tempera-
tures at 2000 m probably do not greatly exceed 200°C at
any of these areas. Fractured, cemented sands of Pliocene
age form the reservoir. Crystalline basement probably is
deeper than 5 km in each of these areas, and it may be
possible to locate a deeper, higher enthalpy reservoir in
one or more of these areas. However, permeability is known
to decrease rapidly with depth. Heat source probably is
related to conductive and convective transfer of heat from
a very shallow mantle (less than 20 km in places).

Other Areas

-— -

Recent news items have dealt with exploratory drilling
near Roosevelt, Utah, where four relatively shallow holes
have been drilled in an area of opalitized and steaming
ground, and are undergoing evaluation. Roosevelt is one
of several prospects along the Wasatch front of Utah, an
area characterized by Tertiary intrusions and mineralization,
and by development of deep, sedimentary basins in late
Tertiary and Quaternary time. - -

Another area of active exploration is the Carson Deser
of Nevada, where four companies have drilled five holes
in the past 18 months. A major sale of federal leases is
planned there for June 1975. Temperatures are known from
past exploration at Brady's Hot Springs to exceed 200°C.
Permeability is questionable. The Carson Desert is an
extensive region of downwarp or downdrop, within which
pre-Tertiary basement may be depressed 2000 to 3000 m
in places. Late Tertiary or Quaternary intrusions are sus-
pected as the source of heat, although total crust is thin
(30 to 35 km) across the Basin and Range province, and
heat transfer mechanisms may be similar to those of the
Imperial Valley. Drilling depths have reached 2300 m.

Research by the U.S. Geological Survey is continuing in
Yellowstone National Park. Although exploratory drilling
barely exceeded 300 m in depth, field temperatures of 250°C
or higher are projected on chemical and thermodynamic
bases, and a molten body of batholithic dimensions is
suspected at relatively shallow depth. Private companies

_now are beginning exploration of areas of Quaternary

volcanism to the west and southwest in the Snake River
plain of Idaho.

Increased costs of heating fuels have refocused attention
on utilization of low enthalpy waters for space heating,
agricultural use, and industrial processing. Research and
development activity is underway in several localities in
widely differing geologic terrains (Paso Robles, California—
thermal fish farming; Susanville, California, Boise, Idaho,
and Klamath Falls, Oregon—municipal heating; Lakeview,
Oregon, and Calistoga, California—greenhouse heating; and
Reno-Steamboat Springs, Nevada—municipal and commer-
cial heating). In general, drilling depth does not exceed 600
m and is often less than 100 m, and high capacity, low
salinity, hot water aquifers are sought.

Research into utilization of low enthalpy aquifers has
led to drilling of a 1500-m-deep hole at Raft River, Idaho,
where 150°C conditions were encountéred.

Widespread drilling for hydrocarbons on the Gulf Coast
of Texas and Louisiana (not shown on map) has allowed

' improved definition of the low salinity, geopressured, hot

walter aquifers found at depths greater than 3500 m. Methane
dissolved in the hot water provides both an additional
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recoverable energy resource and an expanding gas drive
to lift these fluids to the surface. Heat source is thermal
gradient plus exothermic diagenetic changes in Tertiary
sediment. The reservoir is faulted, wedge-shaped sands
deposited in the high-energy environment. Temperatures to
270°C at 400 m are reported. The geopressured system is
believed to be extensive. Exploratory drilling is thought
to be imminent. '

Oil and gas exploration have continued to identify high

temperature aquifers elsewhere.

Continued exploration is forecast within the Carson Desery
of Nevada, along the Wasatch front of Utah, in the Rjq
Grande rift of New Mexico and Colorado, within the Snake
River Plain of ldaho and Oregon, and along the Oregop
Cascade Range of Quaternary volcanoes, in addition 1o
development drilling in the Imperial Valley, the Valleg
Caldera, and the vicinity of The Geysers. |




In oceans, mountains and
desert, drillers are looking
for—and finding—new fuel
supplies. Cost: 50 billion
"dollars in 1980 atone.

EVANSTON, Wyo.
What's happening around this little
town nestled in the Rocky Mountain
foathills along the Wyoming-Utah bor-
der is viewed by many experts-as prool
that the U.S. is a long way from run-
ning out of natural gas.and oil,
Drillérs ate making strike after strike
in one of the hottest series of oil-and-
gas discoveriesin years, It's all part of a
fresh' drive, Ltérally strétching from
coast Lo coast, to find domestic fuel

.supplies and cut the country’s reliance

on fareign producérs.

Evanston's populatlcn 'has jumped
from 4,890 to almost 7,000 in two
vears, Abdut: one fourth of the new-
comers live in tents, campers or mo-
tels. Public services are strained to the
limit, cousing’ widespréad resentment
ofoil-field workers who have; flocked o,
the area. A sign in a downtown restau-
rant: “We will not serve oil-field tragh.”

Billions targeted. Like it or not, Ev-
anston i§ caught up in a4 boom that'is
spreading acrbss the nation as pil cém-
panies plow more and more of their
fecord profits into-a multibillion-dollar
search for new energy supplies.

The petrolevm industry plans to
spend more than 50 Billion dollars on
exploration wd produclion inside the
U.S. this year, 26'percent more than
the 40 billion spent id 1979, The spurt

«is 50 sharp that drilling rigs.are-in short

supply, experienced workers Jaré in
heavy demand and the costs of oil,
leases are souring.

In carly September, 3,069 drilling.
rigs were working in the U.S., 34.7 per-
eant more than a4 year ago, oil comps-
‘nies expect to complete seme 60,000
wells this yeur, breaking 4 record of
58,160 sct in 1956,

The driving lorces behind the boom

-are-sharply higher prices for newly dis-

covered oil and gas, plus new seismic
tec]miqucs thut -help.zeologists find oil
in formations deeper and more com-.
plex thun ever belore.
Drlllmg activity around Evanston is
a primie example-of lidw new technolo-
gy is heingsused. The city sits'atop an
energy-rich formation called the Rocky

U.S.NEWS B WORLD REPORT, Sept. 15, 1880

Mountain Overthrust BeIt which
stretches from southern, Canada to

© northern Mexico and is 100 rmles mde

4t’its broadest point.

The  Overthrust Belt was created
more than 100 million years-ago when
the Pacific and North American tee:
tonic plates separated, then later re-
versed- and collidéd.. The shifting
pushed clder, harder rock over the top
of younger, softer formations where oil
and gas usually. are found.

Geologists estimate that the upheav-

al trapped up to 14 billion barrels of oil
and 52 trillion cubic feet of gas thaf tan
be.recovered from the formation with
existing technology By comparison,
the. U.S, uses about 6.9 billion batrels of

oil and about 20 trillion cubm feet of.

gas each year.
Even with new methods, explorulg

the Overthrust is:risky. More than 500 -

dry holes were. drilled in the formation

[dn[!lng o begtn
in1983}

before American Quasar; a small inde-
pendent firm, discovered a rhajor oil
field four years age about 40 miles east
of Salt.Lake City. Sincé then, 175 wild-

cat wells—exploratory probes drilled in-

uriproved areasi—have led to dlscovery
of 16 more oil-and-gas.fields.

The Overthrust terrain is considered
the riiost difficult onshore-drilling envi-
ronment in the U S., outside. of Alaska

"Much oF the mountamous region is

roadless. Drilling rigs often must be air-
lifted in'by helicopter. Winter tempera-
tures sometimes plunge below zero and
30-foot snowdrifts are-comrhon,

As many as 100 drill bits, coshng
$2,000 each, dre needed to drill up to
18,000 feet: thmugh hard rock shielding
oil and gas deposﬂcs The cost of drillinga

‘well in this région ranges from 2 million

to 8 million dollars. Chevron US.A.,

Inc., a subsidiary of Standard Oil Com-

pany of California, recently completed a
15,000-faot.gas well lhat cost 10 million.

cal: Survey’s Denver office:

The Overthrust Belt is 6nly-on& par{
of the U.S. under heavy exploration,
Texas, Oklahoma and offshore Louisi-
ana still rank as thé top drilling targets

in the country. Along the Louisiana’

coast, oil companies recently tapped a
formation ¢alled the Deep Tuscaloosa
Trend, which is yielding major natural-
gas discoveries below 15,000 feet.

" More possibilities. Other promising
areas include the Santa Barbara Chan-
nel off Southern California, the Deep
Anadarko. Bagin'in western Oklahoma,
the Williston Basin on North Dakota’s
border with Cadada and the Eastern
Thrust Belt, a formation stretching be-

‘tween New York and Georgia created

by conditions similar té those.of the

Roeky Mountain Overthrust.

The oil industry also remains keenly
interdsted in the Atlantic Océan off the
East Coast of the U.S. despite a string

of dry holes. Reasons: Drillers have .

Hot Spots for Oil Drllllng

(heidup

Baltimora
Canyan

found :smal} but tantalizjn-g.cleposits of .

natural gas and are encouraged by re-
ports ‘of 011 discoveries off Can.ldas

East Coast.

The nchest target of all is Alaska,
where only.a limited amount of drilling
turned up the nation's largest oil dis-
covery—the. .6-hillion-barre! Prudhoe
Bay field én the North Slope. Although
drilling is at a virtual standstill becaise
of the-federal government's slowness at
leasinig land for exploration, the U.S,
Geglogical Survey estimates that the
49th state cortains up to 49 hillien bar-
rels of iindiscovered oil and 132 trillion

cubic feet of natural gas.

Will .the new. bu_rst of cil-and-gas
drilling inside the U.S. free the Gountry
from. dependence on imported fuels?
Says Richard B. Powers of the Geologi:
“The
Overthrust alone will never give us.en-
ergy mdcpendence, but it will go a

lorig-way te helpmg us get therel” 0O
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