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GOVERNOR

Department of Geology and Mmera/ Industries

ADMINISTRATIVE OFFICE
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580

-November 17, 1980

Dr. Leland L. Mink
Energy and Technology Division
Idaho Operations Office

- Department of Energy

550 Second Street
Idaho Falls, Idaho 83401

Dear Dr. Mink:
Subject: Cooperative Agreement No. DE-FC07-79ET-7220; Annual Report

Sutmitted herewith is a brief summary report on the activities of the
low-temperature resource assessment of the nine site-specific areas
designated in the above-referenced agreement for the year 1979-1980.

The title and areal definition of each area is shown on Figure I.
Included with this brief report are a summary of activities and findings,
a list of materials to be included in the final report, and a copy of a
representative geologic bibliography.

The final report for each of the nine study areas will be in the form of
an open-file report to be released by DOGAMI during January, 1981. They
will include all the material referenced in this report placed in a sirgle
packet with a brief text discussing geology, geophysics, and geochemlstry,
and their direct relation to the recognized geothermal systems.

Sincerely,

Donald A. Hull
Principal Investigator

DAH/bh



- BELKNAP-FOLEY

The Belknap-Foley area is in the west-central portion of Ofegon immed:i -
ately west of McKenzie Pass in the Cascade Mountain Range. The material in
the open-file report to be made available December 1, 1980, is stmarized
_ in Table 1. These data include an aeromagnetic, gravity, and 1inéament‘ A
_gfudy map at a scale of 1:250,000 and a geologic map and geologic cross sections
at a scale of 1:62,500. Pertinent rock chemistry and potassium;argon age-dafe
results together With geothermal gradient data will be presented in the fofm
6f over]ays.on fhe geologic map. Summarized in individual tables in this
annual report are available water-chemistry data and geothermal-gradient
data. These data will also be included in the open-file report.

In general, the aeromagnetic déta seem to be primari]y\related to
topography, in large part because the Pliocene units capping thé ridges have
avhigher proportion of magnetically susceptible lavas than the older Miocene
and Oligocene rocks. Thus, as:awresult, there is a relatively good'corré]ation
between the aeromagnetic data and the topography. |

The gravity-data indicate a generally decreasing comp]etéﬁBouguer anomaly
value from wesztb east, primarily related to a regional change across the |
Cascade Range.; This regfona] change<has been discussed in detai] in.various
pub]ications’(81éckwe1] and others, 1978; Pitts, 1979). The grav%ty data
- can be 1nterpretéd‘1n terms of a residual anomaly associated either with the
whole Cascade Range or locally with the transition between the;HigH‘Cascade
Range andAthe Western Cascade Range.provinces. This gravityigfadient<or
gravity anomaly passes directly through the area of study and.appearslto be

related to local or regional control of the geothermal systemé.



124 123° 220 121 120° lige ) g* e
' DEPARTMENT OF GEOLOGY
e STATE OF OREGON AND MINERAL INDUSTRIES
ASTORIA oot 200 S0 g0 asl
caole gy iles
es® senise JCLATSOP | ey — T
COLUMB|A
ST HELENS, 1 Umotilia '_lr__J\
- Heppner Je. r |
s \\ T\ HOQD RIVER | ‘\_‘ Arlmrm i PENDLETON FJ Y
ILLA T HILLSBORO Bon"v'-':nOODr!mE oaLLE . \‘ LCUMAITILLOA ! |-1 WNA L LOWA
MULT. - I NTERPRI
TILLAMOOK ' WASH: A sl;':a,— A‘R\‘V R! J{ </ ;‘5 l MN ROW I |L € s
w IYAMH'LL NP ~ ‘ l_ o l r LA GRABDE ™~ \
' '__"T'”V' L, C(\, CLACKAMAS - {SHER N CONDON _] l L_ u i
G g e A ' q wiws ) GILLIAM . IJ' ‘ Ar— y )t
[-45° oris = T Sitverion ../)W A S C\O ) N 1 - __,__-L —_ N N 7
S oaLLay B en N + '\ Shonike ’L FOSSIT + l_!——" - \{
,' POLK (‘ ‘M A R'I\FN—*_ A —SN—— ______) l .‘;’ BAKER .
. ? — -‘l‘ ~ TN A : ? JEFF/ERSON \IWHEELERI L-/_‘ B Al K ERWES ERN
&  Neweor oo IBENTO ALBANY - L onas I wrenen ‘ 6 rla . NOT \) NA R ER
N LINCOLN [coRvpLLISY ) | B T\_Dayvilie B -
Hewwer ! X L N _N —_— __,r‘—’ b—-— [ CANYON CITY ,k ety ‘{‘_
“ D _ KEI — . Redmond EVILLE '——--{ ‘ L-_r ‘—
N . s 7 sistens 1 H
OLEY—¢- L7 | ol .
L44‘ EUGENE Id BEND WELL ?UT ES J"—"_— ——‘l + T vaLe 441
Florence j’ﬁ‘k L A N E :F// DESCHUTE St _____ — | Nyssa
Q I-‘-L Cottoge Grove Oakridge 3 & °'M" 1‘—1 . NORTHER HAR Junturo
Reedsport _ D"""L 1 Lopine Hompton “_r--‘ ’ \ o B SI Il
— - o — o —— e i - N
L —— ILLAMETTE |
L, L_ -, |L ) | !
Coos Boy I \\ P S l jﬁ\}}) l i
L, o0 u e L as r ! S |
coouLLE | ROSEBURG , I ‘ Wogonde @ l M ALHEUR
Bandon c\o O S'_‘ _( Siluer Loke n A R N E\Y‘ Jordon Valley 43
La3ze - —- ;| L A K | h N : ﬁ ¥
~ T * ,/f o |+ r| SOUTHEF‘\’N*L HARNEY\ BASI
1 Conyonvitle : ) \
v ’171_ i ) ,_ (
ortora ) ,/ / N’ \|/_f l “—_‘_‘ Paisley @ L"_"j l |
// Trail i : | . | l
CURRY
JOSEPHINE) yackson | A\KLAMATH ! || ALVORD |
ggL‘g" . GRANTS PASS I @’& % i ___1[_ e DESERT l
2 ! KLAMATH 0
2 Ashtand ! 96& FALLS Sosiry , LAKEJEW 4 ‘ . i :
B A - R
L a2® L _+___} _J_ AN L A _lT_A_KgylE ot —A— o + 42
o |2|° 120° ||9° nge 17 % gwa
124 123 122 z :

Figure 1: Map showing location of study area.



" Table 1

: Contents of open-file release
on Belknap-Foley low-temperature geothermal resource area

Item : ‘Scale- Conments
Aeromagnetic map 1:250,000
Gravity map 1:250,000
Lineament map 1:250,000
Geologic map | 1:62,500 122°00'00" to 122°30'00"

44°00'00" to 44°30'00"

Geologic Cross Sections 1:62,500
Rock Chemistry, Age Data, “ 1:62,500 Overlays on geologic map
Gradient Data, Water Chemistry
Well and Spriﬁg Chemistry | - Tablé
Geothermal-Gradient/ — Table
heat-flow data
Brief Text -
Bibliography : —

NOTE -

Water-Chemistry tables are currently being revised and
are not available to be included with this report. They

will, however, be included with the DOGAMI Open-File Reports.



The lineament study indicates a predominately north-northwest fabric
éuperimposed on a weak, older east-west trend. The geologic map has been
compiled at é scale of 1:62,500 to include all or part of three 15-minute
quadrangles. The most significant results of the mapping are that severa]
major structures which appear to be related to the geothermal systems have
been identified. In particular, along the North Fork of the McKenzie River,
a majdr fault system occurs in which the Pliocene rocks are downdropped
approximately 900 m to the east along a series of en echelon step faults.
This zone appears to represent the western boundary of the Cascade graben
proposed by Allen (1966), Taylor (1980), and others. Three of the hot springs
in the area appear to be localized along this zone of faulting. "In addition,
a major north-south fault through Cougar Reservoir has been identified as a
normal fault with minor obligue motion in which the east side has been down-
dropped on the order of 200 m. This structure appears to Tocalize two hot
springs observed near the reservoir.

The spring chemistry data from the Geotherm file and other sources are
included in Table 2. In general, unmixed models based on the data do not
indicate reservoir temperatures in excess of 150°C. For fhe open-file report,
sodium-potassium-calcium, silica, and mixing temperatures will be calculated
using the data. Results of the geothermal-gradient studies are shown in
Tab]é 3. As yet, no holes have been drilled specifically for this project
in this area; a few holes, however, are available from regional studies.
These holes document the major west-to-east increase in hea£ flow observed
along the Cascade Range. The boundary coincides with the western border of
the north-south gravity gradient mentioned above. Background gradients west
of the boundary are on the order of SO-70°C/km. A1l detailed temperature-

depth data are on file in the DOGAMI office.



TABLE 3.

unpublished information in DOGAMI-SMU files.

TOWNSHIP/ GEOL.

Locations and geothermal gradients for the Belknap-Foley
low-temperature geothermal area.

Data from published and

N LAT. W LONG. HOLE NO.. COLLAR DEPTH CORR. QUALITY
RANGE- PROV. DATE ELEV. INTERVAL GRAD.
_SECTION MEASURED (meters) (meters) °C/km
155/ GE- 44-16.1 122- 3.3 CR-TER 716 .0 bt
11DC 26l 77 52.0
15.8 X
45,0
45.0 x
52.9
1657 G6E- 44-12.1 122- 3.0 CR-FF 70 190.0 88.3 c -
20A 8s B0 15a.2
165, 48~ W 44-12,.1 122-17.5  BH~32 By 12.5 5.0 D
14DBE 1172675 45,0
1685, G- 44~ 9.1 122- 4.7 CR-HC &7 30.2 ™. 9 ]
Z7BR 922776 150, &



A bibliography of all pertinent geologic references is inciuded with

this annual report and will also be included with the open-file report.
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WILLAMETTE PASS

The Willamette Pass area is located south and west of the Belknap-Foley

area immediately east of the city of Oakridge. ;fhe information for the
Willamette Pass area to be included in the oben—fi]e report is listed in
Table 4. These data include an aeromagnetic, gravity, and Tineament study
~map at a sca]e of 1:250,000 and a geologic map and geologic cross sections
at a scale of 1:62,500. Pertinent rock chemistry and'potaséium—argon age-
date results together with geothermal-gradient data will be presented in the
form of overlays on the geologic map. Summarized in this annual report are
available water-chemistry data and geothermal-gradient data. These data will
also be included in the open-file report.
- The implications of the aeromagnetic and gravity data are essentially
the same as in the Belknap-Foley area a few miles to the north. In addition
to the trends observed to the north, the Eugene-Denio Tineament trends
N.650w. across the<studyarea, and a major east-west lineament trends along
the North Fork of the Middle Fork of the Willamette River. This east-west
trend also appears in the gravity data and as a line of Midcene intrusives
in the geology. .As there is a major Miocene silicic volcanic center located
within the Willamette Pass study area, the geologic setting is much more
complicated than the Belknap-Foley area. This volcanic center has been dated
at around 20 m.y. and represents a lower limit for the Sardine Formation of
Peck and others (1964) which overlies this volcanic center.

Available water analyses are shown on Table 5. Unmixed{reservoir temp-

“eratures based on silica content are below 120°C; however, mixing models

calculated by Bowen in an unpublished report to. the city of Oakridge suggest
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TABLE 4

on Willamette Pass Tow-temperature geothermal resource area

Ttem
Aeromagnétic map
Gravity map
Lineament map

Geologic map

Geologic cross sections

Rock chemistry, age data,
gradient data, water chemistry

Well and spring chemistry

Geothermal-gradient/
heat-flow data

Brief text

Bibliography

1:

1

Scale
250,000
:250,000
:250,000

162,500

162,500
162,500

Comments

122°00' 00" to 122°00'00"
43°30'00" to 44°00'00"

Overlays on geologic map

Table
Table
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reservoir temperatures as high as 150-180°C for some of-the thermal waters.

For the open-file report, mixing models and silica and sodium-potassium-calcium
temperatures will be calculated for all of the spring and well data collected.
No holes have been drilled as part of the project, but a number of heat-flow
holes are available from previous projects, and several holes are planned for
1980-81. Available data are listed in Table 6. As is the case for the
Belknap-Foley area, the geothermal data indicate the west-to-east increase

in heat flow toward the High Cascades, with the same or possibly slightly

lTower background values of gradient and heat flow observed to the north.
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Locations and geothermal gradients for the Willamette Pass

TABLE 6. : :
low-temperature geothermal area. Data from published anq
unpublished information in DOGAMI-SMU files.

TOWNSHIP/' GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH CORR. QUALITY

RANGE- PROV. DATE ELEV. INTERVAL GRAD.
_ SECTION MEASURED (meters) (meters) °C/km B
2057 3E~ e 43-48.0 122-25.9 CS-4id 719 45.0 25.1 B
260A 9-28-76 70.@
Vo, @ 3.8 B
140.9 .
D98, 4E- WH 43-47.9 122-18.8 WALL CRK 592 20.0
27DDD & 488 90.0
S5.0 .
135.@
205/ 3E- WC 43-47.9 122-25.2 RE-IW 77 10.@ 25.6 B.
26CD 8-19/76 80.0
80.0 36.3 B
125.0
218/ 3E~- WC 43-45.6 122-25.9  FC~ 548 25.09 35.6 B
10AD S/28-76 100.9
2187 4E- 43-43.1 122-20.0 CR-MCHSE 533 60.0 B
286D 9,29/76
21S/ JE- WC 43-42.5 122-25.5 DH-Z2-2 459 60.0 C
3583 11-25/75 79.0
2157 3E~ WC 43-42.5 122-25.5 DH-2-5 413 20.0 C
3581 11-25/75 27.5
218/ 3E- WC 43-42.5 122-25.5 DH~-2-8 459 55.0 i
3582 118575 63.Q
2257 5l 43~-33.2 122-11.3 CR-MCHSIN ave 39.8 51.8 k4]
26RC QEATE 150.8
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NORTHERN AND SOUTHERN HARNEY BASIN

For convenience of study, the Harney Basin was divided into two areas,
and individual open-file reports whose contents are indicated in Tab]e 7 are
being assembled for each area.

| An aeromagnetic map.of the southern part of Harney Basin (scale 1:250,000)
contains the only published geophysical data avai]ab]e for the Basin. On the
aeromagnetic map, an elliptical pattern extending from Wright Point to Crane
in the area of Malheur Lake may be interpreted, in conjunction with the geo-
logic study, to be the site of a caldera. In addition, there appears to be
another caldera near Harney Léke along the west margin of the basin.

A. lineament study compiled for both northern and southern areas at a
scale of 1:250,000 indicates a complicated pattern of faulting. In the western
half of the basin, the dominant trend is the Brothers fault zone (approximately
N.45°w.); in the eastern ha]f,vthe dominant trend is the north-south Basin-
Range trend. The juncture of these two trends in the southeast corner ot the
study area is marked by complex faulting and 1lineaments, by structural doming,
and by recent volcanism at Diamond Craters. The juncture in the northern end
of the basin is marked by a structural discontinuity, silicic intrusions, and
alteration.along Soldier Creek which may represént a right-lateral wrench
fault.

The geology of the basin has been detailed on five 15-minute quadrangles
and ten 7%-minute quadrangles reduced to a scale of 1:62,500. Shown on the
geologic map is a complex sequence of silicic intrusions, silicic ash flows,
and basalt flows interspersed with faults. The oldest rocks in the area are

the Owyhee, Steens, and Columbia River basalts, with ages ranging from
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Bibliography
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12-20 m.y. The oldest silicic events are dated between 14.7 and 9.6 m.y.

The beriod of ash eruptions extends between 12 and 6.5 m.y. ago. The youngest
major sequeﬁce of rocks appears to be the basalts capping the highlands on the
west margins of the basin and their related vent complexes, with age dates

» ranging from 2.3 to 2.9 m.y.

As part of the project, age dateé have been obtained from several units
of ambiguous age, particularly various basaltic vent complexes scattered
throughout the basin. A1l the faulting in the young basalts definitely post-
dates approximately 2.5 m.y., and some faults cut the Diamond Craters basalts,
which have a hydration-rind age date of approximately 15,000 years. The
alluvial fill of the basin does not appear to be offset by young faulting.

The water-chemistry data are shown in Table 8 and indicate moderate- to
high-temperature resources. Several ground-water flow regimes appear to
exist in the basin, and»the effects of these different flow patterns must be
sorted out for complete analysis of the geothermal potential baséd on the
water-éhemistry data.

The collection of gradient data, in the past, has been limited to logging
pre-existing water wells and mineral exploration borings with a very few
gradient borings drilled by DOGAMI and USGS. Data from these holes are pre-
sented in Tables 9a and 9b. In view of the extensive evidence of persistently
high temperatures, the exploration of this area could benefit from an extensive
program to dri]] holes deeper than 150 m. Limited 150-m deep drilling is
planned for 1980. Complete analysis must wait until deep drilling is carried

out.
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Locations and geothermal gradients for the North Harney Basin

TABLE SA. .
low-temperature geothermal area. Data from published and
'unpublished information in DOGAMI-SMU files. Standard error
shown below gradient value.

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR.
RANGE- - PROV. DATE ELEV. INTERVAL  GRAD.
SECTION MEASURED _ (meters) (meters) °C/km
225/732E~. HL 43-38.5 118-52.3 TILLER 2 i27? 10.0 8.7

27BAR Sr22/89 E7.@ 7.6
20.9 2.1
57.0 4.7
225/32E~ - HL 43-38.3 118-51.6 TURDY 1273 10.9 68.1
26BB 5s21/80 ‘ 49.9 3.6
225/ 328~ HL 43-38.1 118-52.8 TILLER 1 12656 5. 68.8
27CB 5r22/80 45.0 .B
45.0 82.4
109.0 2.5
5.8 8.6
100.0 - 2.4
225/33E~ BM 43~-37.6 118-38.5 TEMPLE 1268 10.2 2.2
27CD. . 5-20/80 125.0 4
125.0 464.7
138.0 S.1

225?32E- HL 43-37.2 118-55.7 BLCKBURN 1269 15.0 83.
31D braz2/80 48. 0@ a.a
225/32E~ HL 43-36.9 11B-52.6 RICE 1260 .9 140.9

34cC eril e 5.0

225-32E~ ‘HL 43-36.9 1168-51.9 HUWY 20 1261 10.0© 573.7
34DD : ' S/20/80 35.9 15.2
35.0 181.7
60.9 3
ie.0 354.9
62.0 70.2
235/32E~ BM  43-36.3 118-49.2 HANSON 1259 5.0 74.5
6CB 5/22/80 ' 51. 1.7
225/ 32E- HL 43-36.3 118B-54.2 TILLER 3 1286 10.9 .EES.O
27AC : 522,80 25.0 12.7
5.0 2.4
Se.0 3.5



TABLE 9A. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY
RANGE- PROV. DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters) °C/km
235,298 EM 43-35.6 119-13.7 FED-1-1® 1463

1eaD 1o, 8/77
248/32E¥ HL 43-31.3 118—49.3 NINEMILE 1257 10.@ 273.8
iAD - Sr1ie/8e@ 35.0 3.8
5.0 189.5
.60.90 e
60.0 185.7
139.0 1.7
130.0 97.8
- 160.0 1
10.0 165.8
160.0 14.1
24S/32E~ HL 43-30.2 118-84.3 STEVENS 1256 5.0 18.5
8DA 5/15/680 176.@ 2.3
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Locations and geothermal gradients for the South Harney Basin
low-temperature geothermal area. Data from published and
unpublished information in DOGAMI-SMU files except holes S1i,
$2, $3, V1, Lawen, MR~-1 and MR-2 which have been published by

TABLE 9B.

Sass et al. (1976). Standard error shown bglow gradient value.
TOWNSHIP,/ GEOL. N LAT. W LONG. HOLE NO.  COLLAR DEPTH  UNCORR. QUALITY
RANGE~ PROV. . DATE ELEV. INTERVAL GRAD.
SECTION : MEASURED (meters) (meters) °C/km
245/33E- HL  43-30.9 118-39.8 S3- 1855 49.0 82.0 . A
9D ) 223.0 1.0
59.0 89.5 A
Sg.0 .3
245/32E~ HL  43-28.3 118-43.9  LAKEN 1256 - 75.0 60.9 A
23DD 150.0 7.4
245/34E~ H.  43-28.0 118-35.0 .S2 1262 69.5
i9C o 5
24S/33E~ HL 43-26.6 118-36.8 CRANE 1257 82.0
35AD : Tr21s7s 7.1
255/31E~ HL 43-26.2 119~ 1.1 BFZ-7511 1263 30.9
458 ars16/75 2.5
255/33E~ H. 43-25.9 118-38.5  BFZ-7501 1274 188.3
3BD 11722/75 - 18.
255/33E- HL 43-25.2 118-38.3 ADAMS 1259 115.8
1eBA o S/14/80 .
255/33E~ HL 43-25.2 118-37.7 ROSSBERG 1257 62.90
11BBB : 6/12/75 7.0
255/33E~ HL 43-24.7 118-39.8 WSB-1 1250 5.0 9.6
SCA _ 514,80 65.0 .8
255/33E- HL 43-24,7 118-38.6 WSB-2 1256 15.0 26.2
10CA Sr14/80 21.0 2.7
285/33E~ HL. 43-24.5 118*38.5 WSB-3 1254 12.0 45.3
iecD ' 5/14/80 51.5 5.9
255/33E~ HL 43-24.5 118-40.0 ARFORD 2 1250 5.0 27.4
Scc 571480 55.@ 3.9
255/33E~ HL 43-24.5 118-39.3 ARFORD 3 1250 - 5,0 6.8
8CD , 5/14/80 168.0 1.3
28S,33Fk= - HL 43=24 .3 119<37.2 »”WSB“# 1255 19.Q 9.1
11CD" ' ' 5/ B/80 57.0 ‘2.5
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TABLE 9B. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR  DEPTH UNCORR. QUALITY
RANGE~- PROV. . DATE ELEV. INTERVAL GRAD.

SECTION MEASURED - (meters) (meters) °C/km
255/33E~ HL 43-24,3 118-38.5 ARFORD 1 125 5.0 83.6
16AB S/14/80 . . 20.9 1.9
5.0 34.3
1907.5 12.5
255/31E- HL  43-22.9 119- 2.0 St 1266 50.0 B1.0
21D 90.0 1.0
e58/734E- . HL 43-20.3 118-35.3 WINDYPTL 1257 1@. 7.2
31CC . 5/ 8/80 3J0. 1.4
265/33E- HL 43~-20.2 118-36.7 WINDYPTZ2 1283 B6.4
2CD 5/ 8/80 4.2
265/33E~ HL 43-19.3 118—36.4 WINDYPT3 1262 85.1 |
11DC 5/ 8/8@ 3.9
265/33E- ML 43-18.5 118-34.9 N TMPSON 1257 108.9
13DA ' Ssr 880 37.0
26?630!2- %X 43-17.9 11S- 9.8 93 4 1250
265/33E~ ML 43~16.6 118-3S.1 DRVIS 2 1268 2.8
33BA 5/ 7/80 =
26S/33E~ " HL 43~15.8 118-37.0 DAVIS 1 1254 12.5
3BCC Sr 7/80 1.8
27S/33E~ HL 43~15.7 118-37.9 ALDERTON 1256 10.0 6.3
3BA Ss 780 30.0 1.2
275/730E~ -  Hu 43-13.2 1168-56.0 HP-10 - 4280 5.9 130.4 A
13CD 67 B/73 60.0 2.5
60.9 61.6- <]
130.@ 1.5
27S/32E~- HL 43-13.1 118-44.2 UDLTAGE 1335 20.0 49.8
23BB B/13-/80 : S5.e 2.2
180.@ 67.8
190.9 .8
0.9 B81.9
190.0 3.0
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TABLE 9B. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE Nb. COLLAR DEPTH UNCORR. QUALITY
RANGE- PROV. DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters) °C/km
S /IIE~, ML 43~-12.7 118-37.5 BECKLEY 1285 10.0 1.0

<eDB S/137680 60.5 3.8

275/30E~  HL  43-12.5 118-59.7 HP-48 1289 12.9 223.2 A

21DDB - - B e 35,9 - 8.5
35.e 132,.8 a]
110.9 1. '
275/30E~ HL 43-12.1 118-58.7 HP-1 - . 1320 10.0 160.9 ]
27ACA , ' v,26/73 65.9 i.8
65.0 S5.0 =]
5.2 2.9
27S57/30E~ | | HL 43-11.5 118-57.2 HP~28 134@ 10.0 117.9 A
26bGB - . ass 73 : E‘? o2 1.4
285,328~ H.  43- 5.3 118-43.@ DMND CRT 1277 10.0 39,4
36CC 6s 7780 54.0 3.0
295/32E~ HL 43~ 5.3 118-49.4 MR-1 1262 E6.4 89.0 A
) éB . £4.0 1.¢
40,90 96.0 A
-91,@-- 2 .8
- - I . ﬂ .
295/31E~ HL 43- 5.2 118-52.9 MR-2 1260 57.9 65.0 A
EB “ o, ‘.:., ) o emmany i B . e, 88; B a. 0
83a.3 83.¢ A
82.0 3.0
£0.0 4.2 s
1e0.0 B
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POWELL BUTTES

The Powell Buttes area is located in central Oregon near the rapidly
growing industrial and recreation area of Bend, Redmond, and Prineville.

The data compiled for the area are shown in Table 10. The compilation of
aeromagnetic, gravity, and lineament data is at a scale of 1:250,000. Also
included are a geologic map and geologic cross sections for one 15-minute and
four 7%-minute quadrangles presented at a scale of 1:62,500 as well as over-
lays for potassium-argon ages and water-chemistry and geothermd]-gradient data.

The aeromagnetic pattern across the area is essentially flat, whereas
the gravity map developed by Pitts (1979) shows a large, ovoid, northeast-
trendihg positive gravity anomaly of 15 to 20 mgal over the buttes. The
explanation for this large positive anomaly is not obvious. The lineament
study shows primarily northwest-southeast and northeast-southwest trends, and
detailed mapping indﬁcates additional trends.

Samples have been collected for potaséium-argon dating and for water-
chemistry analysis with the available water-chemistry data sthn on Table 11.
Additional samples are not yet analyzed. A 1list of the 1ocatidn of sites of
temperature-depth information is given in Tab]e-12.

A geothermal anomaly was initially discovered by routine scrounge water-
well measurements which indicated anomalously high heat-flow vé]ues and geo-
thermal gradients in an area on the northwest side of Powell Buttes.
Additional logging of available wells in the area continues to indicate
anomalous conditions. At the present time, an area with a Tinear dimension
of at least 10 km and a demonstrated'width of 2 km has grédients in excess

of 1000C/km to depthsAin excess of 200 m. The geologic controls on this
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TABLE 10

Contents of open-file release
on Powell Buttes low-temperature geothermal resource area

Item - Scale Comments
Aeromaghetic Map 1:250,000
Gravity Map 1:250,000
Lineament Map 1:250,000
Geologic Map 1:62,500 120°45'00" to 121°07'30"
44°00'00" to 44°22'30"
Geologic Cross-—-Sections 1:62,500
Rock Chemistry, Age Data, 1:62,500 Overlays on geologic map
Gradient Data, Water Chemistry '
, Table
Well and Spring Chemistry -
Table

Geothermal Gradient/ -
Heat Flow Data

Brief Text -

Bibliography —_—
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system are not obvious. There is very little permeability in the rocks, and
most of the holes, even to depths in excess of 300 m, produce only enough
water from diécontinuous ground-water bodies for domestic use. The cause of
the anomaly is apparently at depths in excess of 300 m and, based on the
measured data, has é temperature in excess of 40°C (the highest measured
bottom-hole temperature is 38°C).

The geology consists of a central intrusive and extrusive complex of
presumed John Day age; i.e., 25-35 m.y., against which young flood basalts and
fluvial sediments onlap. Age dating of samples from this area is currently
in progress in order to verify the age of the complex. The rocks are generally
silicic in cdmposition and are re]ativeTy highly altered; mercury prospects
are found along the western margin of the buttes, and there is some indica-
tion that the background uranium content of the rocks is above average.

Because of the proximity to a rapidly growingvmetropolitan area with a
significant amount of 1ndustry, this area is very attractive for development of
" low-temperature utilization. A number of 150-m gradient holes are planned
.for 1980-81; however, it is clear that holes at least 400-600 m deep must be
drilled in this area to verify the presence of a resource and the temperatures

characteristic of that resource.
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TABLE 12. Locations and geothermal gradients for the Powell Buttes
low-temperature geothermal area. Data from published and
unpublished information in DOGAMI-SMU files. Standard error
shown below gradient value.

TOWNSHIP/ GEOL. N LAT. W LONG. HOLF NO.  CQLLAR DEFTH ' UNCORR. QUALITY
RANGE- PROV. DATE ELEV. INTERvVAL  GRAD.
SECTION MEASURED (meters) (meters) °C/km

145/14E-  BM - 44-21.1 121~ 6.3  SWIFT 874 25.0 4.5 »

18CC 4/18,809 60.1 1.2
155/16E~ HL 44-16.1 120-48.7 PRSTUDCO 936 7.5 68.0 C
16DA 12777 47.5
165/14E~ HL 44-15.9 121- 1.7 CRABTREE 930 D
15DD 416/80
155/16E~ HL 44-14.8 120-57.6 . POWBUTNE 986 16.0 199.0 A
. &%BB - S : -~ 4,44/80 8.8 :
' 35.9 77.1 A
172.0 2.5
18S/15E~ ML 44-14.6 120-55.7 KQOPS 998 15,0 118.2
£8AD - Brii/gse 40.0 18.3
40.0 5@.9
149.0 1.4
155/15E- HL 44-14.5 120-58.4 CRAWFORD 995 19.0 a1. B
30RC 4/ 5,80 7.0 3.7
155/1SE~ HL 44~-14,4 120-58.0 LOT24WW 1002 40.9 70.5 c
3eAD g 8r20/78 < 10, @ B.7
158/1GE- © ML  44-13.7 120-58.5 DEASON 1067 -  10.9 266.6 B
318C - 4/ /680 . 43.0 - 19.8
49,9 68.7 B
Cad4.3 4,6 :
168/14E- HL  44-13.7 121~ 1.5 . FLOCK - o982 45.9 i27.7
35BC ‘ 6-18/80 . : 110.0 2.3
20.9 111.6
i25.0 7.3
185/15E~ HL 44-13.6 120~-58.2 KRANTH 2 110e 20.0 75.5 A
31DA2 7728/,79 120.9 2.1
90.9 1.7 A
12@.9 .2
158/15E- ML  44-13.6 120-58.2. KRANTH 1 1160  195.@ - 69.2 B
31DA1 Coresss . 228.0 |
10.9 73.3 B .
285.9 1.6
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TABLE 12. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR .' QUALITY
RANGE-~ PROV . DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters) °C/km
165/14E- H.  44-13.2 120-59.6 FHRNBKWA 1023 20.0 128. 4 c

36AC 9,22/78 185.9 2.1
165./14E~ HL  44-12.8 121~ 1.6 . HALLETT 1021 5.0 114.1 c
2BC : 8,12,79 78.5 13.0
165/14E-  HL  44-12.6 121- 2.8 SCHOOLHS = 991 10.9 195.0 -
DD ' 813,88 .. 20.0 2.0
165./14E~ HL . 44-12.5 121- 2.5 ° MILLER 1003 10.0 252.5 A
ace . : : 4, 780 | <. 3.1
45.0 113.0 A
173.6 .0
165/14E- - HL  44-12.4 121- 2.1 POABUTNMA  1e21 10.9 198.7 A
ieAE 4, 8,80 - 450 3.6
45.0 91.5 A
170.9 4.3
165/14E- © HL  44-12.3 121- 2.3 ° JENSEN 1015 10.9 129.4
108A 8/ 8/80 33.5 4.9
165/14E~ ~ H.  44-11.8 121~ 1.5 MATHERS 1086 20.0 58.1 ‘A
1106 . 4/17/80 156.0 1.6
165/ 14E~ HL  44-11.7 121~ .7  POMBUT 1146 20.0 3.7 B
11DC 4,17/80 5.0 1.8
165/14E- - HL  44-11.2 121~ 2.8 MCDNL-WA 1024 25.0 148.4 B
160RA . $-21,78 160.0 4.1
165/14E-  H.  44-11.@ 12i- 3.3 .  ALF-PERD ~ 1010 20.0 162.2
16DC : 8/14/80 123.0 7.4
165/14E~ HL  44-10.9 121~ 1.3  SANTOS 1103 - 5.9 107.2
140C I 814,80 20.0 5.5
20.0 56.0
75.2 1.1
168714E-  HL  44-10.5 121- 4.3 MILLER 953 10.9 30. 4
T 20RC 8/12/80 39.0 7.0
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TABLE 12. (continued)

TOWNSHIP/ = GEOL. N LAT. W LONG. HOLE NO. COLLAR  DEPTH  UNCORR. QUALITY

RANGE~ PROV. DATE ELEV. INTERVAL GRAD.
SECTION _ MEASURED (meters) (meters) °C/km
165/14E- « HL = 44-10.4 121- 4.6 SLUDLR R  b72 10.9 12.5
2epR | gsia-80 £48.0 13.7
165/14E- ' HL® 44— 9.6 121- 2.9 SHUMWAY =~ 981 . 20.9 . B2.9 B
280D ¢ : 4, 7,80 - 65.0 3.8
110.9 1€0.7 B
158.5 2.4
165/15E- | HL 44~ 9.9 120-54.3 . H MARTIN 1076 40.0 - 55.9
"o . . . Brsigs80 - - . 165.0 1.8
' 50.9 BS.6
14.9 .7
175/14E- | HL 44— 5.1 121- 1.0 . LEMIS 1021 80.9 74,1
o @BAG g e s 8/20/80 - - -~ -4 T@® Y -
35.0 - .g;
9.0 .
175/15E~ | HL 44— 4.7 120-57.6 . BOWEN 1036 1.9 - 34,2 B
2eCA | 4/16,80 120.@ 2.1
175/16E- | HL  44- 3.1 120-50.4 GLOVER -~ 1163 = 20.9 87.6
o - 7+ T i R 11 g
L e 5.0 8B B
119.9 3.9
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WESTERN SNAKE RIVER PLAIN.

The bart of the Western Snake River Plain to be included in the open-
file report consists of four 15-minute quadrangle mapé. .Data to be %nc]uded
in the open-file report are listed in Table 13. The geologic map for this area
(scale 1:62,500) has been compiled from published sources. Time consfraints
have not allowed field checking. There appear to be several stratigraphic
inconsistencies in the maps that have not yet been resolved at this time.
Gravity ahd.magnetbte]]uric data have been compiled at a scale of 1:250,000,
and a local aeromagnetic map for part of the area has been compi]ea a£ a scale
of ]:62,500.‘ A lineament map has been compiled at a scale of 1:250,000.
Available water chemistry, age dates, énd hole Tocations arelpfesénted on an
overlay to the geologic maps. A table of water-chemistry data from the lit-
erature is presented in Table 14, and a list ofvhoies Togged for geothermal-
gradient data is given in Table 15.

Geophysical, geological, and geochemical data indicate that high tem-
peratures (+200°C) exist at depth, and a deep DOE-supported drill hole has
demonstrated a temperature of over 15000 at a depth of approximately 2,300 m.
This, however, is a regional temperature, and higher temperatures can be

expected to occur at shallow depths in holes centered on geothermal systems.
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TABLE 13

on Western Snake River Basin low-temperature geothermal resource area

Item
Geologic Map
Geologic Cross-Sections

Rock Chemistry, Age Data,

Gradient Data, Water Chemistry

Well and‘Spring Chemistry

Geothermal Gradient/
Heat Flow Data

Brief Te%t

Aeromagnetic Map
Gravity Map
Audiomagﬁetotelluric Map

Bibliography

Scale
1l:62,500
1:62,500

1:62,500

1:62,500
1:250,000

1:250,000

Commenté‘
116°52'30" to 117°30'00"
43°52'30" to 44°15'00"
Overlays on geologic map
Table

Table



TABLE 15. Locations and geothermal gradients for the Western Snake River
Basin low temperature geothermal area.- Data from published and
unpublished information in DOGAMI-SMU files. Standard error
shown below gradient value.

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR.
RANGE- PROV. DATE ELEV." INTERVAL  GRAD.
SECTION MEASURED (meters) (meters)  °C/knm
155/43E~ SB 44-12.9 117-26.5 MCBRIDE 866 20.9 81.4

34CD . &6/24/80 85.0 2.5
10.0 5°?.7
145.0 18.1
16S/43E~ SB 44-11.5 117-26.1 JERM 758 30.0 71.2
i¢pB . ier 2,72 1160 1.5
165-43E~ SB 44-11.4 117-29.5 BAMS 850 i5.0 48.8
7D 5/ &/75 £65.0 7.3
65.0 i8.90
i15.@ 5.1
16S/43E~ SB 44-10.6 117-25.8 JGNR 758 25.0 38.6
15DA 1er 572 105.0 7.0
105.0 78.5
230.0 3.¢
16S/43E- SB 44-10.4 117-23.2 VALE 768 50.0 51.5
130D 1o/ 4,72 : 130.0 5.0
130.0 94,7
170.0 2.7
16S/43E- SB 44- 9.4 117-24.4 JOMR 749 40.0 61.8
230D iers 172 i1@.0 2.2
119.9 99.5
170.0 13.0
17S/45E~ SB 44- 6.9 117-10.1 UN-75-2 721 30. 87.3
BAA 67 475 60.0
175/45E~ 44- 6.8 117-11.3 BLMSU 774 19.0
oD 5/ 9/75 35.0
19.0
185.0
17S/45E~ SB 44~ 6.5 117-13.6 UN-75-3 814 50.0 82.0
2DAR 5/13-75 125.0 1.1
‘17S/43E~ xx 44=- 5.2 117=-27.5 JGW 8686 192:0 34.2
SCB ' ler 2rs72 35.9 12.0
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TABLE 15. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO.  COLLAR DEPTH  UNCORR. QUALITY
RANGE- PROV. . DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters)  °C/km
17S/744E~ SB 44— 6.1 117—17.4 - JAPW | 719 10.9 94.4

11DC ' ) 19 er72 370.0 c.2
17S/46E-. XX 44—~ 5.8 117- 1.6 UN-75-5 732 50.0 76.5
13AA 10-22/75 150.¢ .3
17S/46E- SB 44— 5.4 117~ 5.9 UN=-75-4 e 25.0 115.4
16CA , 6/ 475 140.0 7.0
17S/744E~ XX 44- 3.2 117-23.1 JEBLM ) 829 15.9 85.7
31BB 1071472 70.0 2.2
185/747E~ SB 44- 2.2 116—59.5 JOHANSON 658 15.¢ 7i.6
4B 627780 £9.0 2.1
185/47E-~ SB 44— 1.5 116-58.2 ONTCTYPK 655 55.0 88.4
4DC . : 8-19-77 160.0 .2
185/44E~ SB 43~-59.8 117-17.3 HIATT 65 0.0 91.8
23AC . ‘s 2780 9z.0 3.2
\ :
18S/44E~ SB 43-59.6 117-20.3 ULIGRB 60 25.0 66.8
21iBAR 1e-11/72 85.0° 1.1
18S-/45E~ ' . SB 43-59.3 117-14.5 VALECTY1 - 684 30.0 123.2
20CH KA s 40.0 . 2.8
185/44E— SB 43—59.3‘11?—20.5 RANDLE 783 10.0 4.1
21iDB s 2/80 49,0 '4,0
188/4BE~ 5B 43-59.2 117-13.3 TS-RDH 678 15,0 446.5 -
21CB 11-30/76 319.0 6.1
15.0 200. 4
65.0 6.7 -
65.0 143.2
£230.0 7.5
230.0 116.0
310.9© 7.7
168S/45E~ SB 43-59.1 117-14.6 BGRIGGS 683 19.0 -135.6
2ect 6/25/80 100.5 3.0
18S-46E- - SB 43-59.1 117~ 6.8 LEE . &9 35.8 118.8
21CcC s 8/0°7 45.9 12.1



TABLE 15. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY
RANGE- PROV. DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters)  °C/km
18S/45E~ ‘SB 43-58.8 117-15.1 VALECTY2 681 7.5 gz.2 A

36AB v N4 855.0 .7
185/45E~ - SB 43-58.8 117-14.1 VALE CWe 682 - 20.0 240.8
29BA2 s 730/80 38.0 .6
18S/45E- SB 43~-58.7 117-14.2 VALE CWi1 683 12.0 100.4
29BA1 7r/29/80 17.5 2.0
18S/45K~ SB 43-57.9 117-13.9 COLERICK 88 2%.0 i180.2
32AB 8/ 1,80 70.0 1.7
10.0 197.5
72.0 12.4
195/46E~ SB ‘43-56.8 117~ 6.9 WINEBRGR ‘808 15.0 96.5
SBD , v/ 3780 90.0 3.0
S99.9 34.0
260.0 2.6
10.09 50.2
269.5 8.6
198/ 45K~ SB 43-56.9 117-11.0 BLMN—NN 8le6 10.9 259.3 R
11BC ’ 671076 g85.0 2.3
18S/45E~. SB 43-55.8 117-12.8 N HRRPER 860 20.09 105.9 A
SDB - P 07 - 170.0 .5 '
170.0 7.2 A
205.0 3.2
195/44E— ‘SB 43~55.5 117-19.5 Jap-1 701 35. 71.8 o]
SDD &e-18-73 ’ 160.2 .
195/45E~ SB 43-55.5 117-11.0 CH-1 835 30.0 1685.7 R
1icc . B/23r72 £5.9 1.6
19S,/46E~ SB 43-55.0 117- 8.0 SWH 844 20.0 104.1 A
18DB 6710776 150.0 .
19S/46E- - SB 43-54.8 117- 4.2 NC—hW el 55.0 3.7 C
15DC 19-27/76 159.0 .7
20.0 77.1 cC
55.0 29.4
198745E~ - SB 43-54.6 117-19.4 Cb-16 - 910 20.90 - 175.2 A
14DC Qs /72 145.0 1.1



TABLE 15. (continued)

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY

RANGE- PROV. DATE ELEV. INTERVAL  GRAD.
SECTION MEASURED (meters) (meters) °C/km
19S/46E~ . SB 43-54.6 117~ 2.2 CO~-Ld 707 12.5 135.4 B
13CDh 11/ 4,7 37.58 -2.2
19S/44E~ SB 43-54.2 117-22.4 WP-1 77 31.0 87.3 A
19 ‘ Qs /3¢ 395.0
195/44E~ | SB 43—54.1 117-18.3 SAFP 3 713 10.0 80.8
22DA 7, 2/80 73.0 1.3
19S/744E- | SB 43-54.0 117-18.2 “SAP 2 7i6 20.0 3B.1
22CAa : 7/ 2/80 S5.0 2.6
10.0 37.5
. 62.5 3.5
195744~ @ SB 43-53.8 117-19.7 GAP 1 713 5.0 100.9
21DD 7/ 2780 49.9 4.2
40.0 3.7
135.0 1.4
5.9 80.5
143.9 4.8
195/46E~ ' SB 43-53.7 117-15.7 UN-"75--1 879 20.9 S2.6 A
3¢BB &/ 4/75 150.0 2
]
195,/ 45E- SB  43-53.6 117-16.8  RDH-F 813 0.0 232.6 A
ZSBB 724,72 70.0 7.1
195/ 45E= SB 43=353.6 117=-11.7 GULF - @43 .30.9 1104 A
22DB ‘ 4,72 115.0 .
19S/45E~ SB 43-53.4 117-10.7 GULF g2z 30.0 " 119.3 A
26BD ' /25,72 175.0 .6
19S-/45E~ . SB 43-53.4 117-13.9 CB-14 B72 i9.0 78.8 A
288D 671473 90.0 ‘1.8
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LAKEVIEW

The Lakeview area of south-éentra] Oregon is one of the major foci of
this year's study (Table 16). Aeromagnetic and lineament maps havé been'com-
piled at a scale of 1:250,000. The ae}omagnetic map indicates low values
over the deep sedimentary fill in the basin and higher values over the vol-
canic rocks of the Warner Range. The lineament map is dominated by northwest
and northeast trends, as outlined by the variations in the orientation of
the range-front fault. The geologic map was compiled on three 7%-minute
quadrangle maps reduced to a sca]e of 1:62,500.' The compilation of the geology
was from a reconnaissance map by Walker (1965) at a.sca1e of 1:250,000. The
only field checking has been along the range front, where detailed mapping
has been carried out in order to Tocate areas of alteration. These areas are
presented on the map. One area of interest which has not been studied is
located approximately 5 mi north of Lakeview, where a large deposit of sinter
and cinnabar was located. '

As the presence of warm water near Lakeview Has been known for some time,
the object of this ﬁtudy was to evaluate the size of the geothermal system
and to determine approximate locations for production of thermal water for
use in commercial and residential applications in the city of Lakeview. The
geologic setting is Basin-Range, with a major fault bounding the Warner Range
to the east and the Goose Lake Valley to the west. The age of most of the rocks
is Miocene. Several age dates have been obtained in order to document the age
of the volcanism in the area. The youngest rocks so far dated are approximately
9.5 m.y. Q]d.

Extensive water-chemistry studies have been'éomp1eted, and results are

shown in Table 17, with detailed interpretation of these data to be included
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TABLE 16

Contents of open-file release
on Lakéview low-temperature geothermal resource area

Item ‘ Scale Comments
Aeromagnetic Map 1:250,000
Lineament Map 1:250,000
Geologic Map 1:62,500 120°15'00" to 120°22'30"
: ' 42°00'00" to 42°22'30"
Geologic 'Cross~sections 1:62,500
Rock Cheﬂistry, Age Data, 1:62,500 Overlays on geologic map

Gradient Data, Water Chemistry

Well and Spring Chemistry - Table

Geothermal Gradient/ - Table
Heat Flow Data

Brief Text -=
Gravity Map 1:62,500

Bibliography ' -
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in the open-file report. Silica temperatures do not indicate the presence
of temperatures in excess of 150°C in the system, although sodium-calcium-
potassium results suggest somewhat higher temperatures. Completely satis-
factory Water samples of the actual hot-water system have not yet been
obtained. .

A number of accessible water wells were located and logged, and a total
of seven drill holes was drilled by DOGAMI (see Table 18). At a depth of
30 m, one of these holes intersected water with a temperature of 105°C and a
flow of approximately 400 1/m.  Two other holes showed gradients in excess
of 3OOOC/km. As a result of this study, at least one successful production
well has been dri]]ed during 1980 by Northwest Geothermal Corporation, who
p]ans to develop a system for-commercial utilization in Lakeview. This
project appears to be well on its way with the drilling of the production

wells based on the exploration data obtained by this project.



TABLE 18.

geothermal area.
'in DOGAMI-SMU files. - Standard error shown below gradient value.
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‘Locations and geothermal gradients for the Lakeview low temperature

Data from published and unpublished information

QUALITY

TOWNSHIP/ ; GEOL. N LAT. W LONG. HOLE NO. COLLAR . DEPTH UNCORR .
RANGE- .PROV. DATE ELEV. INTERVAL  GRAD.
SECTION | MEASURED (meters) (meters) °C/km
38S/20E- | BR  42-15.4 120-21.5 B _PLATO 1499 22.5 .9 >
2ipAc /31779 4.0 2.0
. ]l \
385/20E~ | BR 42-15.2 120-21.@ CL SMITH 1536 17.5 86.6 c
l 17.5 81.6 >
3 56.5 6.0
38S/20E- | BR 42-14.2 120-21.8 D LNDSAY 1499 35.0 B51.5 B
33ABBL | : /3079 110.0 1
: 170.9@ 6.7 B
: 247.0
i
38S/20E- | BR 42-14,1 120-21.8 STKSBRRY 1492 15.9 379.4 B
33ABBE | - 730,79 B6.:5 26.1
385/20E~ ; BR 42-13.6 120-21.9 STRBY-WW 1470 17.5 © 422.3 B
33DBC v , 731779 32.5 2.7
? 32.5 20.0 B
5 : 79.0 2.8
385/20E- & BR  42-13.4 120-21.6 LEACH 2 1470 5.0 65.7 B
- 33DCD j ~ B8/23/79 15,0 .
20.0 58.2 C
; 120.0
3\S/20E- | BR 42-13.4 120-21.5 LEACH 1 1487 20.0 619.0 B
33DDC ; . B/23/79 30.9 .8
65.0 105.2 c
‘ 100.0
385/20E- . BR 42-13,3 120-22;@ EMCDONLD 1455
33CDD 8/24/79 -
39S /20E~ } BR 42-13.3 120-21.6  INGLDEW 1478 20.0 348.8 C
4ARB : 117 9-79 : 30.0 .4
20.9 579.6 C
31.0 4.7
39S5/20E~- ' BR 42-13.3 120-20.5 HMSLCANZ 1567 - 42.8 266.4 B
3RBA 1-23/80 82.5 - B.9
i5.0°  410.7 ‘B
4.9 26.8
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TABLE 18. (continued)
TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY
RANGE- PROV. DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters) °C/km
395/ 20K BR  42-13.3 120-21.5 MUNSELL 1484
4ARA 11/ 979 :
395 /720K~ BR  42-13.1 12¢~-21.@ HMSLCAMT - 1507
3BDB 1,.23/80
395/ 20E~ - BR 42~-12.9 120-21.2 - HMSLCAN2 1457 17.8 241.8 . A
3BCB 1/23/60 67.5 16.8
17.5 28e.1 B
0.8 i6.6
395/20E- BR 42-12.8 120-21.5 SNIDR-WW 1458 0.0 182.1 A
_ 4DAC - /3179 i Q 3.5
15.0 . 166.2 B
145.9 g.s
395/ 20E~- - BR 42-12.7 12e-21.7 PR PN CO 1453 - 12.5 132.8 B
4DCA A ‘ 1,22/580 3‘?._5 1.5
12.5 138.1 c
i175.@ 13.2
39S/20E~ = BR  42-12.@ 120~21,3 FRMT~WK1 - 1444 D
SDAA as 1,79
395/20E~ BR 42-11.5 12¢-20.7 LKUWTNLT 1453 42.5 106.3 B
15BAA 1/23/80 99.0 4.7
395/20E~ BR 42-11.5 120-20.1 BULLCAN1 1503 15.0 111.0 A
14BBB 1723780 48.0 3.4
395/20E- BR 42-11.4 120-20.5 BULLCANZ2 1486 12.5 125.4 A
15RAC . 1/33/80 87.5 1.1
39S/20E- BR 42-11.4 120-20.3 LKULISIMP 1468 5.0 111.5 B
15ABD 11,1579 200.@ 6.8
385.0 93.5 B
548.5 4.3
. 95/ 20E~ . BR 42-16.8 12e~21.3 MTCHTT 41 1443 60.0 108.2 A
15CCB 7/30/79 149.0 4.1
£.0 93.5 B
167.5 7.0
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TABLE 18. (contiﬁued)

TOWNSHIP/ {GEOL . N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. }
RANGE-  'PROV. DATE ELEV. INTERVAL  GRAD.
SECTION . - MEASURED (meters) (meters)  °C/km
398,/20E~ BR  42-10.7 120~20.5 MICHTT 2 1475 20.@ 111,85

220BR : 273073 66.5 14.9
I9S/20E~ - BR  42-10.4 120-20.6 JACKSON 1450 20.0 99.9
22ACB . 8/24,79 65.9 4.3

395/21E- BR  42- 9.6 120-15.4  RPK-1 2865 10.0

29AD 7/22,73 35.0
395./20E— BR  42- 9.4 120-20.6 BARRY 1566 2.5 430.8
27DEB 1./23/80 0.0
416/20E- = BR 42~ 2.3 120-18.5 ROCKFRDL 1451 25.0 405.1
1CAD |- 6/ S/60 65.0 1
66:0 126,90
110.0 1
110.0 29.2.
3i0.0. 9
310.9 54.3
350 S|
110.9 - 44.4
415.0 2.2
415/20E- BR  42- 2.1 120~18.3 ROCKFRDZ 1440 10.0 53.2
1CCD . 6/ S/80 120.0 .

415/20E-  BR 42— 1.1 120-17.9 SWINGLE 1469 5.0 83.9
T13FAR -2 8.0 14.3
41S/21E- ' BR  42- . .6 120-17.8 . GILMORE 1467 10.9 83.2

18CBC _ . 8,23/79 ' ?3. 8.4
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ALVORD DESERT

‘The open-file report for the Alvord Desert will present primarily the
results of a Titerature study, although a total of ten 7%jminute maps, reduced
to a scafé of 1:62,500, have been compiled and field checked. The data avail-
ab1e'nwtﬁé area are shown in Tables 19 through 21. The emphasis has been
somewhat ?ess than in tHe other areas because 6f the general lack of potential
uti]izati@n of low-temperature fluids in this rather remote and‘sparsely

'“popu1ated;area of southeastern Oregon. There is, however, significant inter-
est in th? high-temperature resources of the area, as indicated by the sale

of KGRA 1§nds to Anadarko Production Company, Getty 0il, and Al Aquitaine.

L]
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TABLE 19

Contents of open-file release
on Alvord Desert low-temperature geothermal resource area

Item Scale Comments
Aeromagnetic’ Map . 1:250,000
Audiomagnetotelluric Data 1:250,0004
Geologic Map 1:62,500 118°15'00" to 118°45'QQ"
' 42°15'00" to 42°45'00"
Geologic Cross-Sections 1:62,500

Rock Chemistry, Age Data, 1:62,500 Overlays on geologic map’
Gradient Data, Water Chemistry .

Well and Spring Chemistry -- Table

Geothermal Gradient/ - Table
Heat Flow Data

Brief Text -

Bibliography -
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TABLE 21. Locations and geothermal gradients for the Alvord low temperature
geothermal area. Data from published and unpublished information
.in DOGAMI-SMU files except holes MH-1, MH~2, AD-l1 and AD-2 which
‘have been published by Sass Eﬁ.ilf (1976) . Standard error shown
‘below gradient value. :

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY

RANGE-  {PROV. DATE ELEV. INTERVAL  GRAD.
SECTION | : MEASURED (meters) (meters) °C/km
338/3BE- ¢ BR 42-49.6 1186-21.6 MH-2 1235 10.9 294.9. -
15 M‘ ' ° 3@-@ ¢ IB ’
i 30.9 255, A
35.0 2.8
10.0 289.2 A
: 35.9 .8
335/34E~ . - BR  42-40.0 118-27.2 = MCW 1290 £5.0 X
24AB | - 7reers3 240.0 :
335-35E- ¢ BR 42-39.7 118-21.5 MH-1 1225 40.@ 146.2 A
14 : 51.0 .6
BSSEQSE- ;- BR - 42-32.2 118-26.6 AD-2 1220
i ~
365/34E~ | BER 42-32.2 118~39.2 AD-1 . 1220 54,9 73.9 A
3 | o 61.0 -
! 88.4 8.6 A
‘ 55.9 5.8 A
; 9.0 .3
| B -
I75/36E~- | BR 42-18.2 118-16.7 G-11 1366 10.0 138.6 A
28AB S 7/30,73 25.0 13.7
3BS/37E- . ER 42-15.8 118~19.1 SP-1@ 1430 10.0 83.9 A
e4A .. . t/e873  100.0 1.2
385/37E-  ER 42-15.3 118-20.8 DH-19 . 1430 -  10.9 88.5 - A
23cCc ?,28,73 50.0 3.3
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LA GRANDE

The¥1nformation.ava11ab1e for the La Grande area is shown in Table 22;
'There ar% several thermal wells and springs in the La Grande area; however,
they are;somewhat distant from the main population center. Magma quer
Company iri]]ed a 900-m deep well to intersect a fault near Hot Lake in 1972.
However,fmaximum bottom-hole temperature was reported to be only 80%c. A
total of%four 7%-minute quadrangle maps were mapped by an 1ndependent sub-
contractdr and have been published previously as DOGAMI Special Paper 6.
AVailab1é water-chemistry data for the area are shown in Table 23.

Thrée holes were drilled in the immediate vicinity of La Grande by DOGAMI
as part df this project in order to evaluate the possibility of warm-water
flow a]o&g the frontal faults close enough to the city to be readily used for
1ow-température applications. Major drilling problems were encountered
because &f the rubbly nature of the rocks at the surfaﬁe on the downthrown
block, and maximum depth reached in the holes was only 100 m. A temperature
gradientjof 90°C/km was observed in one of the holes, and the temperatures
were warm enough to justify installation of a ground-water—returh.heat-pump
system f@r the adjacent county hospital. Further evaluation of the possible
hjgh gradﬁent observed along the fault would require additiqna] deeper drill-

ing in a%wery_difficu]t geologic setting and could prove to be quite expensive.



- 76 -

TABLE 22

~ Contents of open-file release
on La Grande low-temperature geothermal resource area

Item : ) Scale Comments
Geclogic Map 1:62,500 117°45'00" to 118°15'00"
’ 45°07'30" to 45°22'30"
Well and Spring Chemistry - Table
Geothermal Grédient/ - Table

Heat Flow Data
Brief Text -

Bibliography —_
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ILocations and geothermal gradients for the La Grande low

temperature geothexmal area. Data from published and unpublished
information in DOGAMI-SMU files. Standard error shown below
gradient values. :

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY
RANGE- PROV. : DATE ELEV. INTERVAL GRAD.
SECTION MEASURED (meters) (meters)  °C/km
25/37E~- BM 45-21.8 118- 7.3 THOMAS 1143 20.9 3.5 B
. 2sDB - 8,237 150.0 .6 ,

\ ' 99.9 35.4
1 150.90 .6 B
35/38E~ i BM 45-20.0 118- 4.1 H1GHDEPT 837 35.0 C
4BD ; 8/22,77 75.0 '
35/38E~ § BM 45-19,7 118- 2.7 ISLCTYCM 829 10.0 17.1 C
3bC W -V Vo d 30.0 1.0
0.0 31.4 C
99.0 1.6 -
35/39E~ | BM 45-19,7 117-54.2 HAMMAN 814 35,0 23.8 B
2ch w - 8/22/77 85.0 .
35/38E- ' BM  45-19.3 116= 5.9 MID SCH 859 D
?ADA 2/ 680
'35,3BE~ | BM  45-19.1 118~ 6.2 CENT SCH 875 2.0 41.9 B
7ACD ' 2/ 5/80 75.0 1.3
35/3E~  BM  45-19.1 118- 6.3 LGR HOSP 896 20.0 49.3 D
“?ACC 12,1479 45.9 i.
35/39E~ 'BM 45-18.9 117-57.2 WEISHAAR 822 15.9 19.9 c
8DA 10,2679 75.9 T
35/40E-  BM 45-18.1 117-47.2 COUE 2 g78 ' 50.9 1.8 B
14CB 2 ' - o 8/24,77. . 106.0 1.8
20.9 53.0 B
105.0 2.6
35/40E- BM 45-18.0 117-47.2 COVE 1 979 23.9 . 25.0 C
14CB 1 : 8/24,77 45.0
25/39E- " BM 45-16.5 117-56.5 B JONES ‘821 10.9 79.9 C
28AC B8,24,77 45,0 2.6
27.5 85,9 :
45,0 1.1 B
45/4QE— ' BM 45-13.5 117-51.7 UNIONCTY 845 . 3.0 B
18BA : - . 8@ o 2e.0 i e
45/4QE- . 'BM  45-12.8 117-51.7 UNIONGRN . 848 ... . 12.5 . 65.4. B
18CD 8/24/77 75.0 - LB ‘
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Dear Dr. Mink: . A e
Subjectil Cooperative Agreement No. DE-FCO7-79ET-7220; Technical Progress
Report No, 1

Submitted herewith is a summary report on the progress to date on the Tow-
temperature resource assessment of the La Grande and Lakeview areas. Upon
assimilation of all data, a final report (DOGAMI Open File) will be written
for the Lakeview area.

Future technical progress reports will be submitted fok the Willamette Pass
and Belknap-Foley areas later this year after temperature gradlent holes
are drilled.

La Grande

Geologic mapping of four 7%' quadrangles (Hilgard, La Grande SE, Glass Hill,
and Craig Mountain) has been completed by Geoscience Research Consultants
under contract to DOGAMI. The geologic maps and text have been published

as Special Paper 6. Six copies of.the publication will be sent to you under
separate cover. :

Because of interest shown by the Grande Ronde Hospital and the local school
system, including Eastern Oregon State College, in developing a suitable
geothermal resource for space heating and cooling, three heat flow holes

were drilled to a maximum depth of 367 feet within the city limits of La Grande
on property owned by the hospital and the school system (Federal land was not
available). Drilling difficulties were encountered because of caving due to
bouldery to blocky debris which comprises the alluvium and/or shallow bed-
rock; thus the 6-inch diameter holes could not be drilled to the proposed
depth of 500 feet. Casing had to be driven to maintain integrity of the hole
with the casing collapsing due to driving.

Waters at a temperature of 62.5°F and at an estimatedﬁf]ow»of‘TOO+'gpm were:
encountered on the hospital and the Central School sites (Fig. 1). The
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hospital is aggressively pursuing the use of this resource utilizing water-
to-water heat pumps to heat and cool a contemplated major expansion of the
existing building. Oregon Institute of Technology (Geo-Heat Utilization
Center) has been contacted by the hospital for assistance. DOGAMI will pro-
vide 01T with data obtained from our saudy. According to Oregon Air Rsps,
Inc., (Templifter heat pump), the 62.5 F water could be boosted to 140°F.

It is believed that successful use of this resource will entice other entities
such as ths scgool system, college, and local government to follow suit. Warm
waters (70°-81°F at 75-500 gpm) also underlie the area of the Union Pacific
Railroad yards (Fig. 1).

Water samples- from known springs and thermal wells in the Craig Mountain -
Cove area, "including La Grande, have and are currently being chemically
analyzed. Chemical data are being sent periodically to Jim Swanson, USGS,
Menlo Park, Californiay, for insertion in the GEOTHERM file.

Whatever "free" holes that were available for temperature/gradient measurements
"have been completed within the greater La Grande area. However, most "free"
holes are not deep enough to overcome the effects of ubiquitous flows of cold
ground water,

Based on:available data, it is believed that the warm thermal waters are the
result of migrating thermal fluids along the basin boundary faults which mix
with colder groundowater.0 Typical ground water temperatures in the immediate
area range from 42° to 48°F. A deep hole to at least 2000 feet in depth is
needed in this area to better appraise the geothermal resource. Because of
the drilling problems, a much larger hole diameter is warranted and casing

is needed to combat the caving conditions. Use of drilling mud did not
appreciably help solve the problem to the shallow depths explored.

Lakeview

Geologic mapping and compilation of three 7%' quadrangles (Lakeview NE, Crane
Creek, and Crooked Creek Valley) has been completed except for office routine
intluding final drafting, cross-sections, and geophysical overlays.

The Lakeview area is situated in the northern portion of the Basin and Range
geomorphic province with typical horst and graben structure. The oldest

rocks exposed in the Lakeview area are in the Warner Mountains at the base

of the range east of Lakeview. The rocks consist of a thick section of vol-
canic rocks, primarily andesite and basalt flows with pyroclastics and related
sedimentary rocks. Selected samples of rocks have been sent to UURI for K/Ar
dating.

In the Goose Lake graben west of the frontal fault (Fig. 2) that separates
the valley from the Warner Range, only unconsolidated to poorly indurated
and loosely- to well-cemented Pleistocene to Holocene sedimentary rocks are
exposed. These are mainly lacustrine and fluvial deposits of varied texture
and composition. The terminus of a large prominent delta deposit is about

3 miles north of Lakeview. This feature extends north and west for several
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miles and in outcrop shows typical cross-bedding, channeling, and fore- and

‘top-set beds. Slight tilting of the layered materials can be discerned and

minor faulting has slightly offset some of the layers.

The dominant structure of the area is the roughly N-S trending frontal fault
that separates the Goose Lake Valley from the Warner Mountains. Patches of
Pleistocene gravels at elevations 5100, 5300, and 5600 feet in the Warner
Range tend to indicate that movement along this fault system .occurred during
late Pleistocene-Holocene time. A less apparent structural grain within the
volcanics trends N30W to N6OW and in the field is usually seen as narrow
discontinuous fractures or faults filled by basaltic dikes.

In the immediate Lakeview area, the fronsal fault appears to be a nearly
vertical to steeply westward dipping (78~ ) fractured zone about 50 feet wide
which is often hydrothermally altered. The areas of greatest rock alteration
have been mapped and will be shown on the final geologic map. '

Siliceous sinter representing an abandoned hot spring deposit comprised of
opal and agate with occasional cinnabar at lTeast 10 feet thick covers an
area of about 1/3 square mile in sec. 12, T. 38 S., R, 20 E., and Sec. 7,
T. 37 S., R. 21 E. Minor silica-cemented lacustrine sands also occur in
sec. 28, T. 38 S., R. 25 E. _

Higher than normal ground water temperatures (to 99°C) including hot springs
occur in:a narrow north-trending zone along the east side of Goose Lake Valley,
north and south of Lakeview. The zone is about 20 miles long and appears to

be confinedoto abogt 1/2 mite of the frontal fault. The highest temperature
springs (70~ to 95°C) are localized north and south of Lakeview within the
areal 1imits of the altered rock. Apparently geothermal fluids are migrating
upward along the frontal fault and move laterally into the porous segments

and issue as springs. Other springs, however, issue at the base of the Warner
Range. :

Existing hot and/or thermal springs were sampled and chemically analyzed.
Chemical data have been sent to the USGS, Menlo Park, California for insertion
in the GEOTHERM file. Samples obtained from existing hot wells as well as
fluids from temperature/gradient holes have been similarly treated.

Whatever "free" holes that were available for temperature/gradient measure-
ments have been completed (Table I). Eight 6- to 8-inch diameter temperature/
gradient holes have been drilled by DOGAMI to a maximum depth of 400 feet
(Fig. 2). Temperature depth curves for the logged holes are shown in Figs. 3
and 4. o ’

Temperature gradients have been contoured for the area entompassed by secs. 3

- and 4, 7. 39S.,R. 20 E., and secs. 32 and 34, T. 38 S., R, 20 E, (Fig. 5).

HFU and gradient profiles along Hammersley Canyon. (secs. 3 and 4, T. 39 S., R.
20 E. are shown on Fig. 6. HFU, gradient and temperature profiles along
Bullard Canyon (secs. 15 and 16, T. 39 S., R. 20 E., are shown on Fig, 7.).

Geothermal fluids at 99°C at an estimated flow of 100 gpm were measured for
Hammersley Capyon #1. At the Barry hole (T. 39 S., R. 20 E., 27 Dbb), a temp-
erature of 55°C and an estimated flow of 50 gpm were noted.
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Least Terrain Q (HFU)
Location Hole Name  Abbrev. Squares: Est. Ka Corrected Least Terrain
Grad, Poros. Gradient. Square Corr.
38520E 21DAC  GPLATO PL 20,0 ---  (3.0) --- (.6) -
38S20F 2208C  CLSMITH M 42,0 102 5.3 - 2.3 ---
38S20E 28CAA  SELBY SBY 98.2  ---  (3.0) —-- (2.9) ---
38520E 33ABB1  DLNDSAY LN 566.0  ---  (4.0) --- (266) ——-
38520E 33ABB2  STKSBRRY SB 323.2 ---  (4.0)  -—-  (12.9) —--
38520E 33CDD  EMCDONLD MCD 1709 - (3.0) - (51.3) —-
38520E 33DBC  STRBY-WW  STWW  409.0  ---  (3.0) - (12.3) —--
38520E 330CD  LEACH 2 L2 814.1  ---  (3.2) — (21.1) -
38S20E 33D0C  LEACH 1 L1 675.2 0% 3.4 --- 22.9 -
*39S20E 3ABA  HMSLCAN 3 H3 267.8 104  3.55  288.8 9.5 10.2
*39520E 3BCB  HMSLCAN 2 M2 280.1 104  3.54  303.8 9.9 10.8
*39520E 3DBE  HMSLCAN 1 H1 976.3 103 3.68  (991.33) 35.7 (36.5)
39S20E 4AAA  MUNSELL MU 1831 — (3.4 -~ (54.3) —-
39S20E 4AAB  INGLDEW IN 451.6 - (3.2) - (14.) —-
39520E 4DAC  SNIDFRWW ~ SNWW  186.0 -~ ---  (3.0)  --- (5.6) —--
*39S20E 4DCA  PRPNCO PR 1360  30% 3.0 — 4.0 ---
*39S20E 14BBB ° BULLCAN 1 BI 1119 10% 5.6 109.8 6.2 6.1
*39S20E T5AAC  BULLCAN 2 B2 124.2 - 102  3.83 (120.2) 4.8 (4.6)
30520E 15ABD  LKVWSWMP  LVSP 81.7 == (3.8)  --- (3.1) ——-
| *39520E 15BAA  LKVWTNLT  LVLT  125.3  30%  3.28 --- 4.2 —--
39S20E 15CCB  MTCHTT 1 M1 106.2 = (3.0) = (3.2) —--
39S20E 1708 UTLEY 1 uT1 61.0  ---  (3.0) --- (1.8) .+ ---
J0S20E 22ABA  MTCHTT 2 M2 132.3 105 4.68  (120) 6.1 (5.6)
© 30520E 22ACB  JACKSON K184 - (3.2) - (4) --
*39S20F 27DBB  BARRY BY  850.9 208 4.2  (300)  35.0 (33.0)
* Temperature/gradient holes drilled by DOGAMI n

( ) Values are estimates
NOTE: PRELIMINARY DATA, SUBJECT TO CHANGE.

TABLE_ I



12

A

DEG C
.

S9

TEMPERATURE,
B

L3
a
2.8

200 -
250

. SuILIN H1d30

|v\.|‘

Figure 3



DEG C

TEMPERATURE

P Y IS I S m 1.1 1 2 2 2 2 1 1 m A 4 4 1 4 3§ ¢

{

|

& ® , -
w | )

-l

Iml

SH3ILIW Hid3a

150

Figure 4



o+

b 42%12°30%

KEY

() » M
eﬁ%m
D e R 2. % 4

wmacarze PP cmmmcmarmy ;.

Goadion® Laxtoar -
- (ogsmmmy

fanta ) 39,600

Al;;‘i’

Figure 5



G (HFU) %1

Ceowwurmal
‘Gradient

oo+

800~ .

A PR seww W2 HE w3 A

D

[ Soww ™Y ™ R 3
Profiles - Hammersley Canyon.

Figure 6



Profiles. “\roug_\vx; Bullard: Canyon

Heut Flow

17

10 %
Q s
(HFU)
°J
1307
Gmfheml
Gradient 108
{oc11em)
w r
o
”-
204
T(O
10 4
°4

B

| C;(acl{ent

AT Lwp 81 61

Gradiear ougr +he
enkve hote.

utt M T LNSP B2 EL
T:_ mpey ature
O\m "
D'»Q e : o
'CS I..’ . .
7 Y

‘Figure 7



-2 -

Based on the temperature/gradient holes and associated data obtained by
DOGAMI, the area east of the frontal fault (horst block) to a distance of

at least .75 mile wide (Fig. 2) appears to be underlain by a low to inter-
mediate shallow geothermal resource. Thus, exploration that has been
previously restricted to Goose Lake Valley can be extended-eastward. Geo-
thermal fluids apparently occur in fractures and joints on the horst block
associated with the frontal and the intersecting northwest trending faults.
Many of the fractures seen in outcrop and in cuttings are filled with calcite
and possibly acidizing may improve permeability.

Based partfa]ly on the foregoing and on geologic studies of their own,
Northwest Natural Gas Company tentatively plans to drill three 1000-foot-
deep exploratory holes this year (farm-out from Gulf 0il Co.) at the following

. Jocations: near the Leach wells in sec. 33, T. 38 S., R. 20 E.; at the site

of Hammersley Canyon #1 in sec. 3, 7. 39 S., R. 20 E.; and north of the Barry
hole in sec. 27, T. 39 S., R. 20 E. The latter hole is programmed to inter-

sect the frontal fault near total depth.

Besides the City of Lakeview, Lake County has shown interest in utilizing the
geothermal resource for space heating/cooling and industrial applications for
contemplated industrial parks. :

It is recommended that an exploratory hole be drilled in the area underlain
by the siliceous sinter in sec. 12, T. 38 S., R. 20 E. This was not done in
the current study due to the lack of drilling funds.

If you have any questions or‘need additional data, please call me or Joe Riccio..

Sincerely yours, .

=

Donald A. Hull
* Principal Investigator

DAH: Tk



