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ABSTRACT

During 1975 and 1976 38 holes were drilled in central and

eastern Oregon to obtain data for calculation of heat flow along the
Brothers fault zone and a possible eastward extension of the zone,
The holes were drilled to variable depths with the majority of holes
in the depth range of 60-150 m. (197-492 ft.). Geothermal gradients
and estimated heat flow values were also obtained from 15 water wells
and mineral exploration holes.

Heat flow is variable along the zone and many of the values appear
to be influenced by ground water movement. lMost of the heat flow values
in the fault zone between Pine Mountain on the west and Riley Junction on
the east are 1.9 HFU or greater whereas values north of the zone are
approximately 1.6 HFU, The systematic decrease in the age of silicic
volcanism from east to west along the fault zone as defined by Macleod
and others (1976) is not reflected by a systematic variation in heat flow
values, Anomalously high heat flow at Glass Buttes and at several local-
ities in and west of Harney Basin outlines a broad area, parallel to the
fault zone, which deserves further study. At Glass Buttes high heat flow
coincides with an area of intensive hydrothermal alteration and low elec-
trical resistivity and these features collectively define a promising
exploration target.

Heat flow values of 1.7 - 2.0 HFU in three holes along the eastern
border of Oregon limit the western extent of the Battle Mountain heat

flow high as defined by previous workers (Sass and others, 1976A).



INTRODUCTION

Purpose

The purpose of the research described herein was to measure
crustal heat flow along and across the Brothers fault zone, a
major regional geologic lineament which crosses central Oregon
(figure 1). Previous work had shown that the zone contained a
geologic environment favorable for the occurrence of geothermal
energy (Walker, 1974 and Groh, 1966). lMeasurement of heat flow
was adjudged to be the most direct and appropriate technique for

evaluating the geothermal potential of the study area.

Scope

The study consisted of the drilling of 38 holes, measure-—
ment of geothermal gradients (the increase in temperature with depth)
in the holes, subseguent laboratory measurement of thermal con-
ductivity on rock samples from the holes and finally calculation
of heat flow which is the product of the gradient and thermal
conductivity values, Holes were initially drilled in 1975 in a
variety of rock types along profiles oriented perpendicular to
the west-northwest trend of the Brothers fault zone. The 1975
holes were located in the Zzone and near the north and south margins
of the zone as deafined by regional geologic mapping (Walker and

others, 1967 and Greene and others, 1972). In 1976 holes were
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drilled in and near silicic volcanic centers at the west end of
the zone, across a possible eastern projection of the zone and
in older rocks north of the zone to provide rsgional background

data.

Definition of terms

Metric units are used throughout the report and ZEnglish
units are included in parentheses for convenience where appropriate.

Heat flow is used throughout this report to mean crustal heat
flow as measured in shallow holes, and we have made no calculations
of reduced heat flow, Heat flow data are presented in heat flow
units (HFU) of mdicrocalories /cm.2 sec., Geothermal gradients are
measured in degrees Celsius per kilometer of depth and thermal
conductivity is expressed in millicalories /em, sec. °C.

Drill hole numbers express hole location by township, range
and section in a manner similar to established practice of the
U.S. Geological Survey for water wells, The refinement of location
within a section is based on a quadrant subdivision of A, B, C,
or D for the northeast, northwest, southwest or southeast L or

section., Thus a hole in the northwest # of the southwest %

i

-
of section 10, township 9 south, range 14 east is numbered

9S/14E - 10 CB. The first letter after the section number represents
the # section and the sscond letter designates the £ - + section.

Due to the lack of detailed topographic maps in portions of the study
area it was not possible to refine some of the hole locations to

% - % section and for these hole numbers the second letter is not

73}



given. Township and range designations refer to the Willamette

base line and meridian respectively.
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Aelated Studies

The heat flow study of the Brothers fault zone is a segment
of a continuing state-wide heat flow investigation. The Department
of CGeology and Mineral Industries recently completed a companion
study in the Vlestern Cascade Range and the U.S. Geological Survey
recently published the results of their heat flow work in an area
in southern Oregon which li=zs south of the Brothers fault zone
(Sass, J.H., and others, 1976B).

The preliminary results of our work in 1975 were described by
Bowen and others (1976). A heat flow study of the western Snake
River Plain, which adjoins the area investigated in this report, is

described by Brott and others (1977).



LOCATION

The Brothers fault zone (figure 1) crosses central Oregon and lies
betwesen the Cascade Range on the west and Steens Mountain on the east.
The majority of the heat flow holes drilled as part of this study lie
between the city of Bend on the west and Harney Basin near the city of
Burns on the east (figure 2). Additional holes were drilled in the Blue
Mountains in northeastern Oregon (figure 3) and near the eastern border
of the state between the towns of Adrian and Jordan Valley (figure 4).
The study area encompasses portions of Crook, Deschutes, Harney, Lake,

Malheur and Morrow Counties.



GEOLOGY

The Brothers fault zone is a major structural lineament
which forms the northern boundary of the Basin and Range geologic
province across much of central Oregon (Lawrence, 1976). Recent
work by Stewart and others (1975) demonstrated that the Brothers
fault zone is colinear with, and possibly a northwestern portion
of a structural zone termed the Oregon-Nevada lineament which
extends as far southeast as central Nevada,

The Brothers fault zone is considered to be a zone of right-
lateral tear faulting (Lawrence, 1976). Peterson and others (1976)
describe the zone as a belt of closely spaced en-echelon normal
faults., Walker (1969) notes that "The normal faults of the zone
and the many volcanic vents along the zone represent only the sur-
face manifestation of deformation, the exact nature of which is not
known. The pattern of normal faults within and near the Brothers
fault zone and the relation of many small monoclinal folds to the
fault suggest, however, that the zone overlines a deeply buried
fault with lateral displacement; the normal faults denote only
ad justment of surface and near-surface volcanic and tuffaceous
sedimentary rocks."

The time of onset of tectonic activity along the Brothers fault
zone is not accurately known. The individual faults along the zone
have displaced all the rocks in the area except the latest Pleistocene

lavas and a slickensided and obviously young fault plane along the



zone is exposed near Hampton Butte (Peterson and others, 1976), however,
the zone does not appear to be seismically active at the present time.
A summary of earthquakes in Oregon between 1841 and 1970 showed only a
single event along the Brothers fault zone, an intensity III earthquake
near Bend in 1943 (Couch and Lowell, 1971).

The Brothers fault zone lies in the High Lava Plains physiographic
province. The zone traverses an interlayered sequence of volcanic and
sedimentary rocks ranging in age from Miocene to Holocene. The volcanic
rocks at the surface are predominantly basalt flows and rhyolitic ash-=flow
tuffs with scattered rhyolite and rhyodacite domes. The sedimentary rocks
are poorly indurated tuffaceous sandstone, siltstone and claystone of
fluviatile and lacustrine origin. Regional geologic maps by Walker and
others (1967) and Greene and others (1972) cover the eastern and western
portions of the fault zone respectively.

The rhyolite and rhyodacite domes along the Brothers fault zone and
a broad area to the south, show a general progressive decrease in age
from Harney Basin westward to the Cascade Range (MacLeod and others, 1976)
although silicic complexes at Pine Mountain near the west end of the area
with an age of 21 million years (Macleod, oral communication, March, 1977)
and Iron Mountain near the east end of the area with an age of 2.7 million
years are exceptions to this pattern (Parker, 1974). The basalt flows do
not show any systematic age progression and Holocene to Pliocene flows and
cinder cones are found intermittently along the zone from the Cascade Range
to Diamond Craters in Harney Basin. The trend of centers of young basalt
volcanism continues east from Diamond Craters to Jordan Craters near the
town of Jordan Valley, Oregon whereas the structural lineament extends
southeast from Harney Basin at least as far as the major fault bounding

the east side of Steens Mountain.



The hydrology along the western portion of the Brothers fault zone
is poorly understood as there are few water wells in the area., A
compilation of available data from the Newberry volcano area indicated
that the static water level is 120 - 600 m. (400 — 1968 ft.) below
the surface and that the Brothers fault zone may have a controlling
effect on the ground water levels in the area (C. Wassinger, written
communication, February, 1977). The movement of ground water appears to
be north from the vicinity of Fort Rock and NewBerry volcano towards
the city of Bend and northwest from the towns of Brothers and Millican
also towards Bend. The static water level becomes shallower along the
eastern portion of the Brothers fault zone and in Harney Basin it lies
at depths generally less than 30 m. (98 ft.). Perched ground water appar-
ently is common in the vicinity of the fault zone. Ground water studies
which cover portions of the Brothers fault zone include those by Trauger
(1950) who compiled data for Lake County, and Piper and others (1939) and
Leonard (1970) who studied ground water in Harney Basin.

The heat flow holes drilled west of longitude 120° W did not
penetrate the static water level whereas many of the holes to the east

were drilled in part below this level.



METHODS

Drilling

During the heat flow study holes were drilled to variable
depths ranging from 17.5m. (57 ft.) to 248 m, (815 ft.) with truck
mounted rotary drills. The drills used for various phases of the
work were an Ingersoll Rand model T4 and a Failing model CF 1500,
A variety of drilling techniques were used including down-hole air
hammer, air rotary and diamond coring, Most of the footage was
drilled with the down-hole hammer and coring was confined to selected
intervals and constituted about two percent of the total footage.

Holes were drilled in a variety of rock types with variable
success., Basalt flows are the predominant rock type at the surface
in the study area, and they present especial problems for heat flow
drilling because they are ground-water aquifers and moving ground-
water at depth may distort conductive heat flow patterns., In addi-
tion the basalt flows in the vincinity of the Brothers fault zone
are generally only a few meters 4o a few tens of meters thick and
unconsolidated or poorly consolidated sediments and cinders are
commonly interlayered with the flows, resulting in caving of the
drill holes. The relatively thin basalt flows are characterized by
marked variations in porosity which results in significant variations

in thermal conductivity values within a given drilled section.

10



The widespread silicic welded ash-flow tuff sheets offer good
drilling conditions but their maximum thickness in the study area is
approximately 76 m. (250 ft.) and temperature gradients measured in
the welded tuffs cannot reliably be projected to any great depth. Also
unconsolidated pumice and/or sediments at the contacts of the tuffs
tend to cave.

The rhyolite and rhyodacite domes present relatively good
drilling conditions but their resistance to erosion and, in some
cases, their relatively young age result in marked topographic
relief which limits access for drilling and necessitates topographic
correction of the geothermal gradient data. These silicic domes are
widely and irregularly spaced and appear to be "mushroom" shaped.
Some of the drill holes collared on the flanks of the domes passed
out of the silicic rocks at shallow depths.

Three holes were drilled in late 1976 along Sucker Creek in
Malheur County in a predominantly sedimentary section in the Sucker
Creek Formation of Miocene age. This unit offers good drilling
conditions except for interlayered thin basalt flows which act as
aquifers and require grouting. A single hole was drilled in trond-
Jemite of Mesozoic age in Morrow County and this lithology presented
no problem,

The direct drilling cost in individual holes varied from
$5.77/m. ($L.76/ft.) to $89.43/m. ($27.76/ft.). A total of 2670 m.
(8,762 ft.) of hole was drilled during the course of the project
at a total direct cost of $50,045, ie., an average cost per meter

of $18.73 (or $5.71/ft.).



The relatively shallow holes drilled in 1975 to a depth of 61 m.
(200 ft.) or less had a mean cost of $13.,22/m. (%4.03/ft.) whereas
the drilling in 1976 to a target depth of 152 m. (500 ft.) resulted
in a cost of $23.56/m. ($7.18/ft.).

Penetration rates for individual holes varied considerably.

The various volcanic and sedimentary units along the Brothers fault
were drilled with the down-hole air hammer at rates of 10-20 m./hour
(33-66 ft./nour). Caving zones and coring slowed progress considerably
but individual holes were generally completed in one or two days. The
trondjemite at Black Mountain was drilled with the downhole air hammer

at an average penetration rate of 7.5m./hr. (24.5 ft./hr.).



Geothermal gradient

Temperatures were measured at depth intervals of 2% or 5 m.
(8.2 or 16.4 ft.,) using a previously calibrated thermistor (temper-
ature dependent electrical resistance element) probe, A detailed
description of the instrumentation is given by Roy and others (1968).
The thermistor element has a temperature precision of 0,005°C although
the precision of repeated temperature measurements at a particular
depth in a hole is approximately 0.05°C due to the difficulty in
repositioning the probe at the same depth. The temperature gradients
tabulated herein are calculated by fitting a least squares straight
line to the data.

The time required for temperatures to reach equilibrium in a hole
after drilling is exceedingly variable and ranges from a few days to
a few months., The time varies depending upon drilling methed, drillin,
medium (air versus water), lithology, permeability of the host rock,
groundwater conditions and the nature of the material used to backfill

the hole (cement versus drill cuttings versus drill mud),

Thermal conductivity

During drilling samples of cuttings were taken at intervals of
6.1 or 12.2 m. (20 or 4O ft.) for subsequent laboratory measurement of
thermal conductivity. Intermittent core samples were taken to check
the conductivity values measured on the cuttings and to provide more
accurate values for rocks of variable porosity. Conductivity measure-

ments were also made on outcrop samples of basalt and rhyolite,

13



The divided bar method of measuring thermal conductivity was used
on cuitings as described by Sass and others (1971B).

Due to the lack of knowledge of the average porosity for most
of the lithogic units encountered in drilling, the measured thermal
conductivity values for some holes are subject to uncertainties of
as much as 20 percent. In order to reduce the uncertainty in con-
ductivity values, continuous cores are needed, however core drilling
would increase the unit cost of drilling and decrease the total amount
of drilling by a factor of 2-4 times. The tradeoff between data quality
and data quantity is a moot point. In the present study it was decided
that the overall goals of the project would be best attained by
maximizing the number of holes st some sacrifice in the quality of

the conductivity measurements.

14



HEAT FLOW

Heat flow data from 68 drill holes are listed in table 1 and the
hole sites are shown on figures 2, 3 and 4. Included in table 1 and
figure 2 are data from 15 holes previously reported by Bowen and others
(1975), Sass and others (1976B) and Sass and Munroe (1973). Thirty-
eight of the new heat flow measurements are from holes drilled specifi-
cally for heat flow information; 34 of these holes are in central Oregon
(figure 2), 3 are in eastern Oregon (figure 4) and 1 is in northeastern
Oregon (figure 3). The remainder of the new values are from water wells
and mineral exploration holes.

The information from the various holes in table 1 are listed by
township from north to south and for a particular township the holes
are ordered by range from west to east. The heat flow values for central
Oregon are discussed first and the remainder of the data are reviewed at
the end of this section.

Twenty—-five of the heat flow holes in central Oregon were drilled
in the summer of 1975 and 9 were drilled in 1976. The objective of
the drilling in 1975 was to utilize shallow wells so that a broad area
and a variety of rock types could be tested as inexpensively as possible.
A nominal drill hole depth of 61 m. (200 ft) was selected because of
the relatively high geothermel gradients noted in previous studies
(Bowen and others, 1975) and the low thermal conductivity anticipated
for the various rock units in the area. Because of the scarcity of
previous drilling in the study area, little subsurface geologic and

hydrologic information were available prior to drilling except for the

15
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TABLE 1 - GEOTHERMAL DATA FROM BROTHERS FAULT ZONE, OREGON

N represents the number of samples of drill cores or cuttings on which thermal conductivity
determinations were made. Values in millicalories/cm. sec. “C.

Values in parentheses are terrain corrected.

The variable quality of the heat flow values is shown by an alphabetical symbol ranging from "A" (best)
to "D" (poorest). The hole or section of hole marked by a D1 is affected by regional water flow, D2 by
intra-bore hole water flow, D3 by possible lateral surface temperature variations, and D4 by an unknown
disturbance.,

Values in parentheses are estimates based on lithology.

Symbols in parentheses represent geologic map units of Walker and others (1967) and Greene and others (1972).
Reported by Bowen (1975).

Reported by Bowen and others (1977).

Reported by Sass and others, (1976B), number in parentheses is well number used by author.

Reported by Sass and Munroe (1973).

Gradient values of lower reliability are enclosed in parentheses



Table 1. Geothermal data from Brothers fault zone, Oregon

Deoth Thermal :
i North llest Elev. Tt F Gradient. Heat . . .
Location Latitude Longitude Meters L?[:t:\r,:l @d;ﬁféﬁf oC /km £low fOuality Lithology
4S/28E-21DB  45°12.3'  119°20,1 1219 55-125 13 7.3 36.3 * 0.6 2.6(1.9)3/ Ai/ Trond jemite
0 X/
185/11E-25BD  4395G.4"  121721.4' 1195 30-105 (34.5) 3.2 D1 Basalt
105-130 (=54.0) 68,4 D1 Basalt
183/12E-5BC 402,81 121°19.1t 1102 10-230 (2.6) 2.9 D1 Basalt
o]
185/4,58-21CB  43°59.2' 117 13.3! 678 15-310 (2.8) 15,5 6.1 1 B Siltstgne, Eand_stonn.,
asa
195/11E-25BA  43°54.4" 121%21.5t 1373 23-93 (5.3) 9.1 D, Basalt (?)
93-123 (38.3) 12.0 C
195/16E-16DC  43°5L4.9! 120°49.1' 1376 25-300 (3.6)5/ 51,1 &1 1.8 B Basalt (Tob)é/
205/14E/255  43°48.81  120°59.4' 1428 2045 2 L.l 52,0 5.2 <2.3 D1, Rhyolite & pumice (QTsv)
45-125 I Lol 34,4 1,0 <l.5 C Rhyolite

205/21E-7BA  43%51.40 120°15.3' 1460 12.5-57.5 6 3.5 52,9 3.1 1.85 B Basalt or andesite (Ta)



Depth Thermal

Elev.

. North Vest - Gradient Heat ald '
Location ; : jataps Interval  Conductivity Quality Lithology
Latitude Longitude Meters Moters \ ll?dln-—sit.u oq /km Flow
215/118-25BB 43°43.90  121°21.7' 1515 10-27.5 30.7£3.5 D4 Obsidian and cinders
27.5=35 2 3.6 65.3 4.3 2.4 c Rhyolite
21S/15%-164B 43°45.21  120°56.2v 1476 20-70 5 L.k 30.8 L3 <14 D3? Rhyolite, pumice &
70-150 6 L.2 55.0 1.5 2.3 C lithic tuff (QTsv)
218/17E-14D n3°47.01 120°36.9' 1440 15-40 2 (L) 113.6 4.0 1.9 Rhyolite & rhyodacite (QTs
40-90 L (2.4) 82,5 3.1 2.0
Best value 2.0 B
o]
215/19E-12D L3 L5.9Y 120°22,9' 1380 10-20 1 (2.4) 84.5 10.5 2,0 Rhyolite
20-30 1 (4.6) 42.5 3.4 2.0 Basalt
30-40 (2.4) 88.0 8.4, 2.1 Sediments
LO-L7.5 2 (1.6) 128,0 .12.2 2.1 Pumiceous tuff
Best wvalue 2.0 B
215/238-26C 43%2.8'  119°55.8' 1340 12,5-60 3 3.6 A2 X2 1.5 B Basalt (Tob)
225/14E-3AC 43°41.91  121°02.3t 1580 15-75 T o TR I D1  Obsidian & scoria
225/15E-354D 43°37.61  120°52,6' 1660 20-40 20.5 6.8 D1  Obsidian (QTsv), scoria

& cinders



Horth Vest Elev. Depth Thermal Gradient Heat

Locatlon  y.titude  Longitude Meters Iﬁgi:izl Cﬂ;ﬂ%ﬁfﬁ;ﬁﬁy 9C /im Flow Mality Lithology
225/19E-5CC 43%01.4¢1 120°28,7¢ 1450 10-27.5 3 (2.4) 75.7x5.6 1.8, Basalt (QTo)
27.5=35 i (4.6)  149.3 2.25
35-37.5 1 (2.4) 84,0 1.98
Best value 2.0 B
225/198-32aD  43°37.61  120°27.4' 1520  10-15 1 (2.4) 9. 2.33 Basalt (QTb)
15-37.5 2 (4.6) 39.6 1.9 1.8l Rhyodacite
37.5-42.5 1 (2.4) 66. 1.56 "
L2.5-47.5 1 (1.6) 118 1.9k Pumice
Best wvalue 1.9 B:
&/
225/21E-9(?) 20-40 - - 51.5 -
225/238-14CB 13°39.61 119%56,2 1290 12,5-17.5 4 2l 61 1.5 D Sandstone, siltstone (Tst
(o]
225/328-340C  43°36.9! 118 52.6' 1260  0-95 (2.3) (140) 3,2 c Claystone
23S/19E-5B 43°37.01 120°28.4' 1550  10-25 3 (2.4) 73.3 5.0 1.78 Basalt (Qtb)
25-40 2 (L4.6) LL.0 6.0  2,0L Rhyodacite
40-45 1 (2.4) 82 1.94 "
L5=55 1 (L.6) 121 1.98 Pumice
55=70 1 (2.2) 95.3 7.6 2.07 Rhyodacite
70-150 1 (3.9) 50.9 1.2 1.99 Welded tuff
Best value 2.0 A



North

“est

Elev.

Depth

Gradient

Heat

SRdana Latitude Longitude Meters Iﬁ}ﬁ%g}.’gl J’r&lﬁiéﬁay ¢ /km Flow Guality Lithology
23S/23E-18C 43°34.31 120°%00.6!' 1460 10-27.5 3 2aly 132.7+7.6 3.2 Tuffaceous sediments (Tst
27.5-35 1 (L.6) 185.318.2 3.0 Pumice
35-62.5 3 2.4 133.1 1.9 _3.2 Obsidian
Best Value 3.1 A
o
235/23E—27-7/ 43 32.31 119°56.8¢ 1450 1,0-200 52,9 203.4 2.3 >L.6 B 1it B
200-220 133 1.3 =3 Rhyo ?; e and obsidian
238/26E-25AB A3033.2' 119°32.8' 1300 10-30 88 D1 Alluvium (Qal)
30-125 (33-76) Dl
235/27E-298B  43°33.3! 119°31.0t 1300  10-115 (14=50) D1 Alluvian (Qal)
235/26E-18D  43°3L.8! 119°24.3' 1370 10-42.5 A L.8 27,1 2,2 1.3 Welded tuff (Tdo)
42 .,5-60 1 L.6 33,3 1.0 _l1.5 " L
Best value 1.4 B
235 /L6E-21BC  43°33.5! 117°%6.61 803  A45-140 10 2.8 63.0 2.7 1.8 A Claystone
2,5 /22E-2DD 1,3°30.51 120°02,6' 1460 15-60 I 2.4 1202 2.2. 2.9 B Tuffaceous sandstone



' ; Depth Thermal P
: North West Elev. S50 Gradient Heaat  aweess
Location : : Interval Conductivity oC /km Guality
Latitude Longitude  Meters Metars ) i Toaitn /] Flow
2US/22B-204A  43°29,1'  120°05.8! 1390 10-20 3 ; 32,5% 4.7 0.9 Alluvium (Qp)
20-32.5 (1.6) 114.8 4.8 1.8 Punice
32,5-60 3 2.6 73.1 b6 1.9 Tuffaceous sand & silt
Best value 1.9 A
21,5/25E=38D  43°31.1¢ 119°42,9¢ 1450  15-42.5 7 2.4 104.0 10.2 2.5 B Basalt & rhyolite
42,5-60 9.7 5.2 D2 - H
245/26E-13D0C  43°29.01 119°32,61 1340 10-50 6 2.4 73.8 14.8 1.8 Basalt & tuffaceous sed.
50-145 6 L.O 7.2 2.7 1.8 Welded tuff (Tdo)
Best value 1.8
21,5 /26E-24AC  43°28,51 119°32.,6! 13140 5-37.5 L 1.6 213.5 12.8 3.4 Pumiceous tuff (Trr)
37.5=45 2.4 134.7 6.1 3.1 Tuffaceous sediments
1,5-60 i3 La2 80.0 3.8 3.5 Welded tuff (Tdo)
Best value 3.3 B
21,S/325E-230D 43°28,3! 118°4,3.91 1256  75-150 (2.3) 60.9 7.4 1.k B Claystone
W +
24,5 /33E-9D(S3)=43730! 1180391 1255  4L0-203 2.1 82 11 1.7 o



North

lest

Elev.

Depth

Thermel

Gradient

Location Latitude Longitude Meters Interval —cg Copdugtivity oC /km ;‘iiﬁ ‘uality  rithology
24,S/338-35aD  43926.6 118°36.8t 1257 30-85 (2.3) 20,0%£7.1 1,8 c =

24,5 /3LE-19C (32)8“"/43028- 118%351 1262 60-183 2.1 69.5 £0.5 1.5 -

255/25E-22B 1,3°23.51 119°42.51 1372 35-45 (50.0) -

255 /26E~4CC 43925.6'  119°37.00 1360  12.5-25 3 4.0 57.6 7.8 2.3 D Basalt (QTb)

255 /31E~4BB 43°26.,2¢  119°01.1t' 1262  42.5-60 5 3.1 30.9 2.5 1.0 D3 Mganﬁﬁ%’ﬁ;" %t)
253/31E—2].D(SL-8‘/ 43°221 1199021 1266 50-190 2.1 gL N 1.7 -

255/33E—38D L3°25.9' 118038.5' 1274 10-28.6 2 24l 188.3 18.9 L.5 B Tuffaceous sediment (Ts
255/33E~11BB 43025,21 118°37.7r 1257 0-65 (2.3) (60-70) 1.5 B Sediments (Qs)



. North West Elev. Depth Thermal Gradient Heat : ;

Location ftd bt Longitude Meters Interval Conduc‘blV}ty oC /km Flow Quality Lithology

Meters I~/ In-situ
255/L6R-18A0  43°23.60  117°07.7 1127 10-150 10 3.3 52,5 £ 2.6 1.7 A Tuffaceous sandstone
263 /24,724, iD 43°18,31 119°46.7' 1420 17.5=-60 7 2,3 8h.2 2.9 1,9 A Tuffaceous sediments (Ts
26S/25E~20BB 17.5-22.5 2 20 0.8 D4  Sediments, cinders, base
265 /30E-3BB 43°21.11 119007.0' 1273 7.5-30 8 2.4 1746 1 D3 Tuffaceous claystone (Ts
268/30E-19 (?) 43°17.9'  119°09.8t 1250 "

(V1lg/

265/30E-20DB:  43°17.7! 119°08.71 1250 10-25 6 2.6 69.7 1.8 1.8 G Sand & gravel (Gs)
265/L6E-28AB  43°16.61  117°05.8' 1233 15-325 10 2.7 .7 2.8 2,0 A Tuffaceous sandstone
275/29E-21AC  43°13.0'  119°14.8' 1400 12.5-45 13 3.9 54,2 &1 B Velded tuff (Tdo)
275/30E-13!JDZ/ 43%13,21  118°56.3' 1273 25-60 (2.3) 130.4 2.5 3.0 (2.8) Tuff, claystone, siltstone

60-130 (Bels) 6lL.6 1.k 1.9 (1.8)

Best value 2.5



tlorth 7 West Elev. Dapth Thermal 5
Location . - " - Interval Conductivit: Gradient Heat A s i ;
i Longitude leters Meters N:? u%i:jl-tﬁ 0C/Icm Flow quality HAROOEY
Q
275/301-3‘19[)02/ 437126 119°02.21 1250  46-108 (2.3) 131.3 3.0 B Tuff, claystone, siltstone
/
275/308-2100%  43°12.41  118959,91 1289  10-35 9 3.1 223,2+8.,5 6.9 D "
35-110 19 2.3 132.8 1.0 3.1 A
2?8/30E—26D01/ h3011.5' 118°57.9 1340 10-57.2 (2.3) 17,9 Lok 2.7(3,0) B n
273/30E-27ACZ/ 43°11.9¢ 118%59,31 1320 10-65 (2.3) 160,0 1.8 3. B "
65-T70 55,0 2.9 D2
7 o
275/30E-36BA~  43°11,2'  118°57.0t 1258  10-L5 L 2.6 7.1 1.3 L9 B "
275/30E-36CC 43°10,61" 118°57.11 1259 10-67.,5 2 2.3 88.4 2.1 2.0 A Tuffaceous setiments (Tst)
275/328-23BB  43%13,0'  118%2.2t 1330 30-95 52.8

275/33E-33CB  43°10.8'  118°39,6' 1282 10-30 (-1.3) 4.3 D1 Basalt (Qb)



: North West Elev. Depth Thermal Gradient Heat
Location La.t.i‘bude Longitude Meters Iﬁg%};’g%l ;i;du%igti Oc /kl'l'l Flow Qllalit}" Litholog’r
2838 /21, B~ BA 43°11.1¢ 119"53_3| 1510 10-30 2 3.9 51.3%6.3 2,0 ¢ Welded tuff (Tdo)
285/30E-13DA 43008.21 118%56,31 1265 20-25 (2.3) 82 1.9 ¢ Tuffaceous sediments (Tst)
283/328-36CC 43°05,31'  118°43,1! 1277  20-37.5 5 Bl (39.4) 5.4 1.2 D2 Basalt & sand
37.5-50 { 2.4) 2.1 D2 Sand & clay
2?/ o o
295/31E-2B(MR-2% 43°05! 1187511 1260 57.9-62.5 L 2,37 65 + 2 1.54 =
89.3-92.0 4 2.19 83 %3 1.82
60-100 8 2.28 7,.2 + 0.8 1.69
Best value 1.7
8
295 /32E-6B(MR-1),3°051 118°4,91 1262  L0-91 A 2.19 9.0 0.6 2,10 -
or 56.4-61. L 2.19 89. 1 1.95
Best value 2.0
295/32E-3LDC 300,10 118°44.91 1326  10-25 L 3.9 8,.0 5.1 3.3 Welded tuff (Tdv)
25-52 3 2.6 140.2 7.7 3.7 Sediments
Best value 3.5 B



10

North West Elev, Llepth Thermal
Location Interval Gradient Heat : ”
; Latitude Longitude Meters :3;3 Ni?du%gitﬂ ¢ Aon Flow Quality Lithology
&)
3os/29E-15A(BLM)/ 1,2°581 11.9%151 1530 61-107 2.2 e o 1.7 -
30S/31E-23BC 42057 .21 118051.3| 1277 15-30 I D2 50,0 15.5 l.1 D4 Tuffaceous sediments (Tts)
325/32E~-16BA 42°48,3 118957.6 1434 20-60 3 3.9 17.5 D5 0.7 B Basalt



Harney Basin. The relatively shallow hole depth was designed to develop
data over a broad area although the extensive areal coverage desired
required some sacrifice in data quality for individual holes,

In 1976 holes were drilled to a target depth of 152 m. (500 ft.) to
verify heat flow values calculated from 1975 data and to increase confi-
dence in results from an area at the west end of the Brothers fault zone
not previously studied. These drilling strategies were only partly suc-—
cessful and drilling problems due to caving and groundwater conditions
proved to be the practical limitation on hole depth in several areas. The
deep static water level in the western portion of the study area (west of
longitude 120°W) precluded measurement of temperature gradients below the
water level,

Sixteen of the holes drilled in 1975 in central Oregon reached depths
of 45 - 67.5 m. and useful gradient data were obtained from 14 of them.

Of the remaining two holes, one was completed as a shallow water well

(no. 285/32E -~ 36CC) and the other (no. 255/31E-4BB) resulted in ambiguous
data, Five other holes were completed to depths in the range of 30 - 45 m.
(98 - 148 ft.) and six were terminated at depths less than 30 m. (98 ft.)
due to caving. Two of the holes to depths of 30- 45 m. (98 -148 ft.)

gave useful data, two others had low but measurable gradients and one of
the five provided no useful information. For holes less than 30 m. (98
ft.) deep, three gave useable data and one resulted in low gradients.

Seven of the holes drilled in central Oregon 1976 were bottomed

at depths of 60 — 150 m. and a2ll but one gave useful data, Two other
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holes were stopped at depths of less than 60 m. (197 ft.) due to
excessively expensive drilling caused by caving and only one of them
resulted in useful gradient information.

In summary, twenty-eight of the holes drilled in central Oregon
during the study resulted in useful heat flow measurements with poor
quality data being obtained from six other holes., In addition, heat
flow information of variable quality was obtained for 1l water wells
and mineral exploration holes.

Factors which helped to improve the data quality in the relatively
shallow holes drilled in this study are the low topographic relief and
lack of forest cover, thus holes could be sited in areas of low relief
and undisturbed natural sagebrush vegetation. Terrain corrections have
not been made for any of the holes listed in table 1 except 4S/28E-21DB.
Corrections were made for several of the other holes with largest apparent
corrections and none exceeded 5 percent. In view of the other uncertain-
ties such an error is negligible.

The heat flow data in central Oregon are discussed by sub-area
in sequence from west to east as holes were éenerally drilled along
profiles spaced at 20 = 30 km. (12-19 mi.) east-west intervals and oriented
north-northeast perpendicular to the strike of the Brothers fault zone.
On each profile, holes were spaced at intervals of 5-20 km. (3-12 mi.).

In addition an attempt was made to locate at least one hole in or
near several of the major silicic volcanic vent areas along the zone.

The silicic centers were chosen because it was anticipated that they
offered better drilling conditions than the more extensive basalt flows,

previous work at Glass Buttes had suggested that geothermal anomalies
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might be associated with silicic vent areas (Bowen and others, 1977)

and to evaluate geothermal energy potential associated with the system-
atic age progression of the silicic domes reported by Walker (1974).

The goal of drilling in or near these silicic centers was only partly
successful as road access to several of them was limited or non-existent.
In addition, the subsurface extent of the silicic rocks is unpredictable
and holes slightly "off-center" from the vents passed through interlayered
basalt-rhyolite (or rhyodacite) sequences with repeated caving of the

holes at the geologic contacts.,

Newberry volcano area

Five holes were drilled and four water wells were logged for temp-
erature data in the vicinity of Newberry volcano and the city of Bend
although none of the holes and wells are on the volcano. Holes in the
Newberry area are 185/11E-25BD, 18S/12E-5BC, 19S/11E-25BA, 19S/16E-16DC,
20S/14E-25AA, 215/11E-25BB, 21S/15E-16AB, 22S/14E-3AC and 22S/15E-35AD,
Two holes in 18S/11E and 18S/12E have very irregular temperature-depth
curves and it is not possible to determine a single uniform gradient.for
them. Hole 18S/11E-25BD has a gradient of 34.4°C/km in basalt between
30-105 m., however, the temperature decreases1°C abruptly at that depth.
The hole was later deepened for use as a water well and could not be re-
logged so the significance of the sharp reversal in gradient is not clear,
Holes 195/11E-25BA and 215/118-25BB showed gradients increasing with depth,
of 38°C/km. at 93-123 m, in the former and 65°C/km. from 27.5-35 m. in the
latter.

The estimated heat flow for 215/11E-25BB is 2, HFU but the value is

of low reliability because of the very shallow depth of the hole and the
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variable lithology consisting of interfingered basalt and rhyolite which
causes a variable, but unknown porosity. The erratic gradients in all four
of these holes on the west side of Newberry volcano are due at leact in
part to regional groundwater flow in the porous Quaternary basalts,

Four holes were drilled east of Newberry volcano in or near silicic
volcanic centers at Pine Mountain, China Hat and Quartz Mountain. A fifth
gradient was measured in a water well northeast of Pine Mountain (19S/16E-
16DC). The holes at Pine Mountain (20S/14E-25AA and 21S/15E-16AB) were
drilled to depths of 125 m. (410 ft.) and 152 m. (500 ft.) respectively.
The former has a gradient decreasing with depth and averaging 34.4°C/km.
in the deeper part of the hole resulting in a heat flow of 1.5 HFU. The
latter hole has an average gradient of 55°C/km. although it increases with
depth, It has a heat flow of 2.3 HFU, assuming a porosity of 0.05 for the
rhyolite host rock. The silicic complex at Pine Mountain has been dated
at approximately 21 million years (N. MacLeod, personal communication,
March, 1977). These two heat flow values are not very similar and the
gradient in both of the holes is curved although in opposite directions.
The reason for this lack of agreement is not apparent.,

Shallow holes at China Hat (225/148-3AC) and Quartz Butte (22S/158-
35AD) have very low gradients of 49C/km. and 20.5°C/km. respectively.

Both holes are in poorly consolidated volcanic rocks and the gradients
may be affected by groundwater movement.,

The best quality data in the Newberry wvolcano area is from a water
well (19S/16E-16DC) in Pliocene basalt (Tob unit of Walker and others,
1967) with a gradient of 51.1°C/km. from 25-300 m. (82-904 ft.). The
estimated thermal conductivity is 3.6 mecal/cm.sec.’C, based on samples
from other holes in the same lithologic unit, resulting in a heat flow

value of 1.8 HFU.
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The data from the Newberry Volcano area show abundant evidence
of moving groundwater as is typical of many young volcanic terrains
where topographic relief combined with relatively high precipitation
and subhorizontal layers of very permeable lava and ash result in rapid
and copius groundwater flow, Typical conductive heat flow measure-
ments can be made only below such flow where the rocks are more indur-
ated by alteration and mineral deposition. Such depths may be deep or
shallow depending on the pervasiveness of hydrothermal alteration. The
relatively high heat flow at McKay Butte may represent an area of less
groundwater influence on the subsurface temperature or some other effect.

A deeper hole at this site would be very interesting.

Frederick Butte area

Five holes were drilled along a profile extending northeast from
Frederick Butte, a rhyolite dome located in T, 22 S., R. 19 E. and a
sixth hole was drilled about 15 km. west of the profile. Frederick
Butte has a radiometric age of 3.9 million years (MacLeod and others,
1976). Holes 225/19E-32AD and 23S/19E-5B were drilled at the north-
east and south margins of Frederick Butte respectively. Holes 225 /19E-
5CC and 215/19E-12D were drilled in Fliocene sedimentary strata and
volcanic units covered by a thin veneer of Pliocene-Pleistocene basalt.
There was a poor return of drill cuttings from these holes and they were
bottomed at depths 37.5 m. (123 ft.) for 5CC and 60 m. (197 ft.) for 12D
because of the drilling problems. The northernmost hole on the profile
(20S/21E-7BA) was drilled north of the Brothers fault zone to a depth

of 57.5 m. (189 ft.) in altered andesite of the Clarno Formation of
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HEocene and Oliogocene age. The sixth hole in the Frederick Butte area
(21S/178-1 AD) was drilled to a depth of 90 m. (295 ft.) in silicic
volcanic rocks.

The four southern holes (225/19E-32 AD, 23S/19E-5 B, 23
and 21S/19E-12 D) encountered basalt at a depth of about 25 m. (82 ft.)
and pumice at 45-50 m, (148-164 ft.) in the holes that reached 50 m.
depth. All four holes have a striking similarity in geothermal gradient
and they appear to have penetrated similar lithologic units.

Heat flow values for the holes at the southern end of the profile
on the northeast and south sides of Frederick Butte are 1.9 and 2,0 HFU
respectively. Holes 225/198-5 CC and 21S/19E-12 D have values of 2.0
HFU, The northernmost hole on the profile, 20S/21E-7 BA, has a value
of 1.85 HFU. A hole drilled west of the profile reached a depth of 90 m.
(295 ft.) in silicic rocks., The gradient from 4L0-90 m. is 82.5°¢/km.and

the heat flow is 2.0 HFU.

Glass Buttes area

Five holes were drilled along a 30 km. (18 mi.) long profile ori-
ented northeast through Glass Buttes. One of the holes (225/23E- 1l CB)
is only 17.5 m. deep due to drilling problems but the other four holes
gave reliable heat flow values., Preliminary heat flow data for three
of these holes (23S/23E-18 C, 24S/22E-2 DD and 24S/22E-20 AA) were dis-
cussed by Bowen and others (1977). An approximate heat flow value of
4.6 HFU was previously estimated for a water well (238/23E-27) at
Glass Buttes by Bowen and others (1977). Glass Buttes is a large silicic

vent complex with an area in excess of 100 km.z. Potassium-argon dating
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indicates an age of 4.9 million years for at least part of the complex
(MacLeod and others, 1976). There is extensive hydrothermal alteration
and low grade mercury mineralization associated with the silicic rocks
(Brooks, 1963). A dipole-dipole electrical resistivity study at Glass
Buttes revealed a broad area at depth with low apparent resistivity
interpreted to be less than 5 ohm meters (Hull, 1976).

The northernmost heat flow hole along the Glass Buttes profile,
number 21S/23E-26C, was drilled to a depth of 60 m. in Pliocene basalt.
The gradient is 42.4°C/km, and the heat flow value is 1.5 HFU. The next
hole to the south, number 225/23E-14 CB is only 19 m. (62 ft.) deep and
the heat flow is estimated to be 1.5 HFU.

Holes 235/23E-18 C and 24S/22E-2 DD are located on the north and
south flanks of Glass Buttes and have anomalously high heat flow values.
of 3.1 and 2.9 HFU respectively. The high heat flow values for these
holes and water well 23S/23E-27 define a broad area of anomalous heat
flow, The southernmost hole on this profile, number 24S/22E-20 AA, was
drilled to a depth of 60 m. (197 ft.) in sediments, silicic volcanic rocks
and basalt. The heat flow value is 1.9 HFU which is the same as the
values at the south side of the fault zone farther west,

The geology, geophysics and thermal character of the Glass Buttes
area are favorable for the occurrence of geothermal resources and more

detailed exploration is justified.

llagontire-Riley Junction area

Seven holes were drilled along a profile adjacent to U.S. Highway

395 between liagontire and Riley Junction and en eighth hole was drilled
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5 ¥m. (3 mi.) north of Squaw Butte, a silicic dome with a radiometric

age of 5.1 million years (MacLeod and others, 1976). Other silicic

vent complexes in the area include Egli Ridge (6.4 million years) and
Ylagontire Mountain (14.7 million years). From north to south the holes

are 23S/28E-18D, 24,S/25E-3BD, 24S/26E-13DC, 24S/26E-2LAC, 25S/26E-4CC,

265 /21 E-2L,AD, 263/25E-20BB and 283/2,E-4BA. In addition three water wells
were logged along the profile, (235/26B-25AB, 23S/27E-29BB and 25S/25E-22B).

The heat flow value for the northernmost hole, 235/28E-18D, is 1.4
which is low for eastern Oregon. This hole was drilled to 61 m. (200 ft.)
in poorly consolidated sediments and the welded tuff of Double-O Ranch
(Greene and others, 1972). Progressing southward along the profile the
next holes are water wells 23S/26E-25AB and 23S/27E-29BB, both of which
show irregular non-linear gradients. The low heat flow value is hole
235/28E-18D and the irregular gradients in these two water wells is prob-
ably due to lateral ground water flow in the area.

Holes 24S/26E-13DC and 24S/26E-24AC were drilled less than two
kilometers apart at a point approximately 8 km, (5 mi.) southwest of
Riley Junction. The holes penetrate the same lithology, silicic tuffs
with a variable degree of welding, but they have very different gradients
and heat flow values. The heat flow values are 1.8 for 245/26E-13DC
and 3.3 for 24S/26E-24AC,

The average geothermal gradient for hole 255/26E-4CC is 57.6°C/km,
while the gradient for water well 255/25E-223B is SOOC/km. We lack lith-
ologic information on the latter and the former has an erratic gradient

and is only 25 m. (82 ft.) deep, hence heat flow values are of poor
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quality. Drilling in hole 263/25E-20 BD was stopped at 22.5 m. (73 ft.)
due to loss of circulation and no useful data were obtained.

At the southern end of the profile in the vicinity of "Jagontireholes
265/2LE-2l, AD and 283/24F- I, BA were drilled to depths of 60 m. (197 ft.)
and 30 m. (98 ft.) respectively. The former is in silicic tuff and obsi-
dian with a heat flow of 1.9 HFU and the latter is in welded ash flow tuff
vwith a heat flow of 2.0 HFU.

Hole no. 24S/25E- 3 BD, north of Squaw Butte, lies between the Glass
Buttes and Wagontire-Riley Junction profiles. The 60 m, (197 ft.) deep
hole encountered a sequence of basalt and silicic volcanic rocks. It has
a gradient of 104°C/km. above 42.5 m. depth and a very low gradient of
9.7°C/kn. from 42.5-60 meters. The erratic gradient may be due to shallow

groundwater conditions and a reliable heat flow cannot be calculated.

Harney Basin area

Harney Basin is a broad area of internal surface drainage and low
relief characterized by a shallow static water level and unconsolidated
to poorly consolidated sediments, The Brothers fault zone passes tan-
gentially across the south end of Harney Basin and may terminate at the
Steens Mountain approximately 60 km, (37 mi.) southeast of Harney Lake.
There are numerous hot springs in the area and previous heat flow investi=-
gations revealed a broad range of geothermal gradient values (Sass, and
others, 1976B and Bowen and others, 1977).

During the present study eleven shallow holes were drilled in Harney
Basin., Four of these were along a northeast trending profile in the west

side of the Basin, six were along a parallel profile on the east side of
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the Basin and the remaining hole was drilled between these profiles
near Coyote Buttes.

The holes along the western profile, which passed near Double-0
Ranch, are 25S/31E-4 BB, 26S/30E-3 BB, 263/30E-20 DB and 27S/29E-21 AC,
The first three holes were drilled in unconsolidated fluvial and lacus-
trine sediments and poorly consolidated claystone, siltstone and sand-
stone. In hole 255/31E-4 BB the gradient increases erratically with
depth from -10 to 30°C/km. and no reliable gradient was obtained. Holes
265/30E-3 BB and 26S/30E-20 DB were terminated at shallow depth due to
caving and the gradients are of poor gquality. Sass and others (197633
reported heat flow values of 1.8 HFU for two 150 m. deep holes in this
vortion of Harney Basin. A heat flow of 2.1 HFU was obtained from hole
275/29E-21 AC drilled in the Double-0 welded tuff although there is
some uncertainty in the thermal conductivity value for this tuff due
to the variable degree of welding and our lack of knowledge of the re-
sulting porosity variation.

The eastern profile of heat flow holes passes through Diamond
Craters, a Holocene basalt extrusive center characterized by numerous
maars and craters. The six holes along this profile are 25S/33E-3 BD,
275/338-33 CB, 28S/32E-36 CC, 295/32E-3L DC, 30S/31E-23 BC and 32S/32E-
16 BA.

The northernmost hole on the profile, number 255/33E-3 BD was drilled
1 km. south of Crane hot springs to 29 m. (95 ft.) in poorly consolidated
sedimentary strata, The high heat flow of 4.5 HFU may be related to the
hot spring but details of the hydrology are not known., Two water wells

near the hot spring, 24,S/33E~-35 AD and 255/33E—11 BB, with depths of 85 m.
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(279 ft.) and 65 m. (213 ft.) respectively, have estimated heat flow
values of 1.8 and 1.5 HFU., Sass and others (1976B) report heat flow
values for nearby water wells of 1.5 and 1.7. The thermal conductivity
values used by Sass and others (1976B) appear to be slightly lower than
we obtained and we estimate the heat flows to be closer to 1.6 and 1.9
HFU units for these wells located at 24,S/34E-19C and 24S/33E-9D
respectively.

Hole 27S/33E-33CB was terminated at a depth of 30 m. (98 ft.) in
vesicular basalt above the static water level. The gradient is close
to zero suggesting the influence of shallow groundwater on heat flow,

A 140 m. deep water well 10 km. to the west, number 27S/32E-23BB, has

an estimated heat flow value of 1.7 HFU. Hole 285/32E-36CC near Diamond
Craters encountered a substantial influx of groundwater and it was completed
as a water well by the landowner, thus precluding measurement of a reliable
geothermal gradient.

Hole 29S/32E-34DC has a distinctly anomalous heat flow of 3.5 HFU
in an area without known hot springs. The hole was drilled to 52 m.
(171 ft.) in welded tuff underlain by poorly consolidated sedimentary
strata. The source of the heat flow anomaly is not known.

The southernmost holes on the Diamond Craters profile have low heat
flow values. Hole 30S/31E-23BC is 31 m. (102 ft.) deep and has a very
irregular but low gradient. Hole 32S/32E-16BA was drilled in Catlow
Valley in basalt to 60 m. (197 ft.) and it has a very linear but low
gradient of 17.5°C/km. resulting in an anomalously low heat flow of 0.7
HFU. Sass and others (1976) report heat flow values for 5 holes farther

south in Catlow Valley, averaging 1,3 HFU with a maximum of 1.5 HFU.
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The low values in holes 30S/31E-23BC and 32S/32E-16BA may be due to
lateral transport of heat by groundwater moving in a large aquifer
system.

A single hole (275/30E-36CC) was drilled near Coyotte Buttes,
between the Double-O Ranch and Diamond Craters profiles to verify the
anomalous heat flow in an area of previously reported high temperature
gradients (Bowen and others, 1975). The hole was drilled to a depth of
67.5 m. (221 ft.) in claystone and sandstone. The gradient is 88,4°C/km.
resulting in a heat flow for these relatively porous, low conductivity
rocks of 2.0 HFU as previously reported by Bowen and others (1977).

The geothermal gradients and heat flow values are shown in table 1
and a map summarizing the heat flow data is included as figure 2.
Included are heat flow values by Sass and others (1976B), which have been
increased approximately 10 percent to make them more comparable with the
values calculated during the mresent study. Sass and others (1976B) used
a thermal conductivity value for the sedimentary units of 2.1 mecal,/cm.
sec.OC whereas we used a value of 2.3 mcal./cm. sec, °C in our calcu-
lations. The higher conductivity value is also more consistent with

measured values for their hole near Diamond Craters (298/31E-ZB).



Black Mountain area

In order to obtain a reliable heat flow value in pre-Tertiary
rocks north of the Brothers fault zone, the final hole was drilled in
the Blue Mountains in a trondjemite stock of Mesozoic age. The hole
is located west of Black Mountain in Morrow County, Oregon (figure 3).

The hole was drilled to a depth of 248 m. (815 ft.) but a failure
in the observation pipe limits gradient measurement to the interval
above 130 m. (427 ft.). The uncorrected gradient is linear and has a
value of 36°C/km. Due to the relatively high thermal conductivity of

quartz-rich host rock, the terrain-corrected heat flow is 1.9 HFU.
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Figure 3 - Heot flow hole, Block Mountain, Morrow County, Oregon
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Sucker Creek area

The Brothers fault zone is the locus of several centers of basaltic
volcénism of Pleistocene and Holocene age, between the Cascade Range
on the west and Diamond Craters in Harney Basin on the east. Although
the structural lineament continues southeast from Harney Basin to
Steens Mountain, the trend of young mafic volcanic centers diverges and
extends eastward to Jordan Craters and projects towards the Snake River
Plain in Idaho., A heat flow map of the United States by Sass and others
(1976A) shows the western edge of the Battle Mountain High, an area of
heat flow in excess of 2,5 HFU, extending into Oregon in the vieinity of the
Sucker Creek area. In order to extend the data collected along the
Brothers fault zone, test this young volcanic trend, and investigate the
northwestern limits of the Battle Mountain High, three holes were drilled
in a north-south profile along Sucker Creek adjacent to the eastern border
of Oregon between the towns of Adrian on the north and Jordan Valley on
the south (figure 4).

The holes were drilled mainly in claystone, siltstone and sandstone
of the Sucker Creek Formation of Miocene age. From north to south the
hole numbers are 23S/4,6E-21BC, 255/L6E-18AA and 26S/16E-28AB with depths
of 140 m. (460 ft.), 150 m. (492 ft.) and 125 m. (410 ft.) respectively.
The northernmost hole, 235S/L6E-21BC has a gradient of 63.0°C/km. and a
heat flow of 1.8 HFU. Hole number 25S/L6E-18AA has a gradient of 52.5°C/km.
and a heat flow of 1.7 and the southernmost hole, 26S/L6E-28AB has gradient
and heat flow values of 74.7°C/km. and 2.0 HFU. The heat flow in all three
holes is significantly lower than in the Battle Mountain High to the east
and also lower than many values in the Vale area, which lies just north of
the Sucker Creek area (figure l), where earlier work by Bowen and others

(1977) revealed anomlously high heat flow.
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DISCUSSION

Heat flow along the Brothers fault zone is characterized by a
wide range of values., The values presented herein are based on rel-
atively shallow holes drilled in variable lithologies. The hydrology of
the wastern one=half of the study area is poorly known and holes drilled
in this area were bottomed above the static water level. In contrast, in
the eastern one-half of the area the static water level generally lies at
depths of 0-50 m. (0-164 ft.) beneath the surface., Movement of shallow
groundwater has influenced the natural heat flow along the zone in some
cases so severely that calculation of conductive heat flow is not possible.

The holes at the western end of the Brothers fault zone appear to be
markedly influenced by regional groundwater movement and conductive heat
flow probably cannot be measured in basalt under these conditions in holes
less than 300 m, (1000 ft.) deep in the vicinity of Newberry volcano and
the city of Bend. Better quality data were obtained in holes in silicic
volcanic rocks at Pine Mountain although the gradient in hole 20S/14E-25AA
drilled to a depth of 125 m, (410 ft.) appears to show the effect of moving
groundwater.,

The crustal heat flow measured in holes along profiles between Pine
Mountain and Riley Junction appears to be higher in the fault zone than
in the area north of the fault zone. The average of the four most reliable
values north of but near the zone is 1,6 HFU while the values in the fault
zone are 1.9 HFU or greater, ie., an increase of about 15 percent.

There are few published heat flow values for central Oregon north

of the Brothers fault zone other than the values obtained in this study.
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Bowen and others (1977) describe values from four holes in basalt of
the Columbia River Group near Arlington ranging from 1.0 to 2.1 HFU
with an average of 1.4 HFU. They also give an estimated heat flow
value of 1.4 HFU for a well near Dufur, Oregon (1S/13E-20DA) in basalt
of the Columbia River Group and a value of 2.0 HFU for a well near John
Day (135/31E-27DD) in serpentinite of pre-Late Triassic age. Observed
heat flow for holes in south-central Yashington in basalt of the Columbia
River Group ranges from 1.36 to 1.52 HFU (Sass and others, 1971A). The
most reliable single heat flow value measured in Oregon north of the
Brothers fault zone is in a hole, near Black Mountain in Morrow County,
described below, with a value of 1.9 HFU.

Published heat flow values for the Basin and Range province in
Oregon south of the Brothers fault zone exhibit a wide range and many
values appear to be influenced by groundwater movement (Sass and others,
1976B). A compilation of the more reliable values by Diment and others
(1975) indicates that observed heat flow in central Oregon south of the
Brothers fault zone ranges from 1.5 to greater than 3.0 HFU, A compil-
ation of 24 heat flow values by Bowen and others (1977) for southeastern
Oregon, including values from the Brothers fault zone but not from the
Snake River Basin, revealed an arithmetic mean of 2,64 HFU although many
of the values are from shallow holes and due to the relatively small
sample population this "average" value cannot be considered to be firmly
established.

The only extensive heat flow anomaly measured in the western one-half
of the Brothers fault zone during the present study is at Glass Buttes

where three holes outline a broad area with values at least 50 percent

33



above the regional average., The source of the anomalous heat flow at
Glass Buttes is uncertain. The radiometric age of 4.9 million years,

if representative of the volcanic event which produced the entire silicic
complex, may be too old to explain the heat flow anomaly. Calculations by
Smith and Shaw (1975) indicate that most, if not all, of the original heat
associated with the silicic volcanism would have been lost. There are
uncertainties in the assumptions underlying this calculation, especially
in the subsurface volume of the original magma, hence an igneous intrusive
with residual magmatic heat cannot be eliminated as a possible causative
body for the heat flow anomaly.

There are three higher than average heat flow values on the Wagontire-—
Riley Junction profile and it is possible to outline these values, the
anomalously high values at Glass Buttes and the Coyotte Buttes anomaly by
an area elongated in a northwest-southeast direction parallel to the
Brothers fault zone (figure 2). This area includes the string of hot
springs west of Harney Lake and Iron Mountain, a silicic dome located 21 km,
(13 mi.) west of Harney Lake and dated at 2,7 million years (Parker, 1974).
The connection of all of these areas into a single zone of high heat flow
is plausible, but speculative., This band of high heat flow, if it exists,
may be related to the volcanism along the Brothers fault zone, and/or to
crustal disruption and possible thinning associated with the faulting.

In Harney Basin the background heat flow value is about 1.7 ¥ 042 HFU,
however, there are several areas with anomalously high heat flow values
exceeding 2.5 HFU including the Coyotte Buttes area, Crane hot springs

area, and the area represented by hole 295/32E-34DC south of Diamond Craters.
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Additional evidence for anomalous heat flow is provided by the numerous
hot springs and wells in Harney Basin (Bowen and Peterson, 1970 and
Leonard, 1970). TEstimated reservoir temperature based on geochemical
geothermometers have been determined for many of the springs and are
listed in table 2. Most of the silica geothermometer temperatures are
in the range of 110-140°C (based on ecuilibrium with quartz) while the
temperatures based on the sodium-potassium-calcium geothermometer
exhibit more scatter and range up to 170°C. The distribution of hot
springs and wells suggests that the areas of high heat flow may be
larger than presently kmown. For example, an extensive group of hot
springs extends 30 km. (19 mi.) to the west from the Coyotte Buttes
heat flow anomaly and there are numerous warm wells along the northern
side of Harney Basin near the towns of Hines and Burns.

The depth to the hot aquifer or aguifers is not known with certainty.
The geothermal gradient associated with the background heat flow is approx-
imately 75°C/km. while the gradients in the areas of high heat flow are
in the range of 100-150°C/km.; thus the extrapolation of the gradients to
depths of 1.5 and 1.0 km. respectively would result in temperatures con-—
sistent with these estimated from geochemical thermometers. It is likely,
however, that the thermal conductivity of the rocks in the basin decreases
with increasing depth because of lithologic changes and loss of porosity
due to compactions and cementation. The near surface poorly consolidated
sedimentary strata are likely underlain by volcanic rocks with the latter
having a higher average conductivity than the former. For these reasdns

the geothermal gradients measured in relatively shallow holes will likely
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Table 2
Geothiermal gradient calculations and pgeochemical temperatures for wells
in Harney Basin. The chemical data are from Leonard (1970) excevot as noted.

Geochemical temperatures are calculated from formulas given by Truesdell (1975).

ell location Depth,  Measured Gradient THEstimated Reservoir Temperature

Meters  Temperature ©°C/km. 3i0, Si0
oc {estimated)* (idiabatic) (Conductive) NaCaK
Temp. °C.  Temp. °C. Temp. °C

225/308-27 DDC 38.7 14 78 108 106 66
225/318-34 AMA  221.0 14 1 111 111 58
225/328-34 AAAL 304.8 72 200 128 131 104
225/3238-30 CDB  197.2 - - 112 111 62
225/32{E-36 AAB  55.5 1 54 113 113 78
235/30E-23 CDA  105.2 17 57 111 111 82
233/308-35 AAD 61.0 25 230 108 106 70
235/30E-35 DDD - 22 — 100 98 70
235/31E- 5 AAC  121.9 11 0 110 109 L6
235/318-2L AAC 34.8 11 0 95 92 59
235/32E- 7 CAB 28,4 11 - 105 103 51
235/32E-28 ACD 76,2 16 66 105 104 137
2L5/308- 1 ABD  171.9 27 93 100 98 6l
2453/328~ 5 AAD  82.3 13 24 99 96 140
24S/32E- 8 DAB  857.1 L6 L1 119 120 105
21,S/3258-13 ACB  73.8 14 L1 106 105 168
245/3258-22 BCC  — 12 — 106 105 95
21,S/325E-30 ADD  56.4 14 53 111 111 169
245/33E-2L AAC  103.7 — _— 111 111 145
24S/33E-3) CCA#* —— 80 — 124, 125 121
24S/34E-31 BAC  277.0 12 L 106 105 L1
24S/34E-31 DDA 92,0 12 11 106 105 L1
258/32E- 7 BAB  110.0 L1 73 107 106 120
258/328-2)4 BDB  18.3 11 - 95 92 152
255/325-35 BDB:  121.9 _— - 119 120 161
255/325E-25AAB  — 12 — 105 104, 145
275/2928-3644 - 68 - 129# 132# 130#

Geothermal gradient estimated from aguifer temperature and hole depth given
by Leonard (1970) based on assumed mean annual surface temperature of Sc,
Crane Hot Spring

Temperature from Mariner et al. (1974)

Unnamed hot spring near Harney Lake

= W
b

HqE
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decrease with depth so that the reservoir temperatures estimated from geo-
chemical data will be encountered at depths perhaps 30-40 percent greater
than the 1.5 and 1.0 km. estimated from the shallow gradient data for
areas of normal and high heat flow respectively. A gradient of 1,5°C /km.
measured below 1 km. (3281 ft.) was reported by Sass and Munroe (1973).

In summary, there is widespread evidence in Harney Basin of the
existence of hot water in the range of 110—17000 which would be suitable
for non-electric energy applications. The nature of the heat source is
not known. The youngest silicic domes near the basin appear to be about
8 million years old (MacLeod, 1976) although extensive ash-flow tuff peri-
pheral to Harney Basin has an age of 6.4 million years and there is wide=
spread basaltic volcanism of Holocene and Pleistocene age. There is no
evidence in the published geochemical data for the very high temperatures
(greater than 200°C) that would be needed for economical electric power
generation using existing conversion technology. The meager existing data
do not permit definitive conclusions, however, in regard to the nature and
reservoir temperature of the geothermal resource in Harney Basin and further
geological and geophysical studies are needed.

MacLeod and others (1976) have described an east to west progression
in the age of silicic volcanism along the Brothers fault zone and a broad
area to the south. The silicic volcanism began about 9 million years
ago in Harney Basin and progressed westward at a rate of 1-3 cm, /year to
its present location at Newberry volcano. The lack of heat flow anomalies
associated with most of the younger silicic volcanic eenters west of Glass
Buttes may be due to one or more of the following factors. The relatively

shallow depth of the holes drilled in and near the younger silicic complexes
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may preclude the accurate detection of residual magmatic heat as a signifi-
cant groundwater gradient may act to sweep heat out of the areas drilled.
Alternatively the areal extent of the silicic domes at the surface may

exceed their subsurface area; drilling at McKay Butte west of Nawberry volcano
indicated that at least some of the domes may be "mushroom" shaped. If

the subsurface area of these bodiss is significantly less than their surface
area, they may have cooled quickly and lack residual heat even though they
are only 0,7-3 million years old, Unfortunately the quantitative data on
subsurface size are lacking and therefore accurate calculations re their
residual heat content are not possible. It is entirely possible that the
heat source for the thermal manifestations in Harney Basin and for the higher
than average heat flow in the area between Glass Buttes and Harney Basin as
outlined in figure 2, may be related to the Pliocene to Holocene basalt vol-
canism rather than silicic volcanism or alternatively the source of heat
could be deep groundwater circulation associated with the fault zone without
any direct heat eontribution from the volcanic rocks.

In summary there is no discernible systematic pattern of changing heat
flow from east to west parallel to the progressive age migration of silicic
volcanism. There is a measureable increase in heat flow in the Brothers
fault zone as compared to the area north of the zone. This increase coin-
cides with, and may reflect a major change in, crustal structure associated
with the fault zone. Lawrence (1970) has noted that the Brothers fault
zone is the northern terminus of the Basin and Range province in central
Oregon and it appears that this zone marks the thermal as well as tectonic

boundary of the province.
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There are three areas along and near the Brothers fault zone that
are especially promising for geothermal resource development: (1) Harney
Basin, (2) Glass Buttes, and (3) Newberry volcano (the last based on
geological considerations)., It is possible that the area of high heat
flow noted at Glass Buttes may extend eastward at least as far as Coyotte
Buttes, The geothermal resource in Harney Basin appears to be best suited
to non-electric applications. Geochemical data on hot waters are lacking
for the Glass Buttes area and no estimate of subsurface reservoir temper-
ature is possible, There are no known hot springs in the Glass Buttes area.
The discovery of a geothermal anomaly at Glass Buttes was serendipitous
and resulted from drilling of a water well. Similarly, there are no known
hot springs along the Brothers fault zone between Glass Buttes and Pine
Mountain and it is entirely possible that "blind" geothermal resources are
present in the western half of the zone. The west end of the fault zone
and Newberry volcano are geologically promising areas for geothermal
resources but the reliable measurement of heat flow in holes less than
152 m. (500 ft.) deep in silicic rocks is not possible due to groundwater
conditions. Holes in basalt will need to be at least 300 m. (1000 ft.)

deep.
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APPENDIX A

GEOTHSRMAL GRADIENT TABLAES

A-1



LOCATION: MORROW COUNTY, OREGON
HOLE NUMBER: 4S/28E-21DB
DATE MEASURED: 2/15/1976

DEPTH, DEPTH, TEMPER ATURE GEOTHERMAL GRADTENT
METERS FEET DEG. C DEG. F DEG. C/KM. DEG. F/100 FT.
15.0 49.2 9.15 4847 .0 .0
20.0 65.6 9.13  48.43 -4.0 =0.22
25.0 82.0 9.15  48.47 4.0 0.22
30.0 98.4 9.20  48.56 10.0 0.56
35.0 114.8 9.28 48,70 16.0 0.50
40,0 131.2 9.36  48.85 16.0 0.90
45.0 147.6 9.48 49,06 24,0 1.35
50.0 164.0 9.60  49.28 24.0 1.35
55.0 180.4 9.73  49.51 26,0 1.46
60.0 196.8 9.89  49.80 32,0 1.80
6540 213.2 10,09 50,16 40.0 2,92
70.0 229.6 10.27  50.49 36. 2.02
75.0 246,0 10.44  50.79 34.0 1.91
80.0 262.4 10.61 51,10 34.0 1.91
85,0 278.8 10.79  51.42 36.0 2,02
90.0 29542 10.98  51.76 38.0 2.13
95.0 311.6 11.16 52,09 36.0 2,02
100.0 328,0 11.35 52.43 38.0 2,13
105.0 34444 1.5 =75 36.0 2,02
110.0 360.8 11.71  53.07 36.0 2,02
115.0 377.3 11.90  53.42 38.0 2.13
120.0 393.6 12,09  53.76 38,0 2.13
125.0 410.0 12.27  54.09 36.0 2.02

A=2



LSCATION: JESC-UGTES 28, 9REGON
P,

4B E NGMAERD 138 1ikE 253D
DATE MCASURED: 6/,03/76

DEPTH DEPTH TEMPERATURE GZBTHERMAL GRADIENT

SETERS FEET REG C DEG F DEG C/KM DEG F/100 FT
1040 3208 3e240 46+873 . +0 )
1245 410 8322 L6e38 32+0 18
150 49.2 3¢410 4714 360 2+0
1785 574 Be412 4714 0 0
203 556 Re44l 4719 120 o7
22.5 732 29470 47+25 12+0 o7
2540 2240 3045 4721 =8¢0 ik
275 302 8310 4636 =360 =31
30+0 TS 7300 46022 ~154s0 =90
325 10646 82072 4653 58+0 37
350 114-8 8200 4676 520 23
375 123.9 2220 468D &0 oh
400 1312 8322 46398 40+0 2e2
4245 1394 8400 47-12 32+0 1.8
4540 14746 8e470 47925 280 15
4745 155.8 8530  47s35 2490 13
530+0 14443 8+600 4748 28«0 1e3
52-5 1722 Beh6D 4739 2490 13
350 1304 40710 47«68 200 11
575 138.6 8780 47«80 280 13
600 196.8 8840 47+91 240 13
5650 2132 8+362 4813 240 13
700 229.6 D209 4838 280 1+5
753 2iabel 9e25) 48+65 300 15
S0+3 2524 9e45) 49«01 400 22
850 278.8 9:650 49437 40+0 2e2.
300 293.2 9772 43+59 240 13
9540 31156 10020 5004 = 500 2¢7
120.0 32840 10+290 2052 340 30
125+ 345« b 10372 5103 36+0 3.1
1100 3608 9240 4863 =256+0 =146
115, 0 3624 9.210 48458 =500 =33
1200 333.6 G210 48#38 0 0
12540 41040 S.220 4860 2+0 o1
13040 bpbel Ge220 486D «0 +0

A3



LOCATIO9NG DESCHUTES ZU, SREGHN
B nN;-"

HOLE NUMBER: 133 12E 580

JATE MEASURED:! 5/452/76

CEPTH DEPTH TEMPERATURE ,BEBTHﬁRﬁALKGRhﬂIENT

_ METERS EECT DEG C DEG F DEG C/KM DEG F/190 FT
120 328 205672 49e41 0 o0
20+0 5546 9620 49+32 -850 =3
3040 IBety 84D 4971 22+0 1.2
4040 1312 10132 50+23 2940 146
30-0 16440 102235 5040 9.0 *5
4043 195.8 13+322 50+38 100 *3
7543 229.6 10+400 5072 8+0 o4
800 2624 10340 50461 640 “e3
30+0 295.2 104350 50+63 140 vl

1300 328.0 10340 5061 =10 =el
11043 350.8 9994 49+839 %00 =2eg
120+30 333.6 3300 4582 =4eQ .2
139-0 46k 9¢302 49482 +0 +0
1400 4359.2 9+300 4982 a0 0
15040 432+ 0 9920 4982 %0 0
150490 324.8 96310 4984 : 120 _»1
1735+C 5576 9520 49+85 1=0 o1
13040 59344 9+923 4984 ] «0
13580 623.2 2922 49485 0 »0)
2000 656+C 9360 4993 400 *2
210+0 58848 F+982 3936 20 ol
22040 721+6 1002359 5009 70 . (X4
230-0 754« 4 10230 5041 1840 1T+2

Al

e . e m mmas e e . ——— . “ - P



LACATICM: 33185 aM3, BREGERN

HELE

188/45E/2128
MUMBERT T3=ROH

CATE MEASURED: 11/30775
DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT
METERS: FEET CEG C DEG F DEG C/KM DEG F/100 FT
i5.0 349.2 152273 53-13 +0 «0
2540 6546 15390 50+62 15640 Sel
2540 3240 16870 52437 1340 106
30+0 8. 4 17750 5335 1760 9e7
35.0 114.8 123793 55+82 2580 11e4
49+ 0 131.2 19310 5755 22440 112
5543 1476 27347 5951 206+0 11+3
300 1564%.0 21342 7149 220+0 121
3543 1304 23+0290 73436 23040 126
5040 196.8 24+080 7534 138+0 109
5543 213.2 25390 77+15 252+0 111
700 229.6 25+640 78+13 1100 6D
75.5 24540 26480 79+656 158:0 32
300 2624 27+082 8C74 120+0 6eb
8540 278.8 27+770 8199 13840 7e6
903 225.2 28+410 83.39 1680 Se2
35«0 3116 29+482 85.06 1740 ERE)
130+3 3258 30013 R6=02 10640 58
1350 34444 3504590 3688 360 543
110+C 350+8 30+980 874756 38+0 Sek
115.0 3772 31+400 8832 R340 4e6
12090 333.6 32142 89+85 1480 8e1
125+0 4100 32320 31.08 13640 75
1330 bpbel 33450 Sg.21 12640 53
135.0 Bhpe8 33363 92+35 32+0 4¢3
1400 45942 34+330 93+79 3440 Se2
1450 4756 35220 95+ 40 17840 98
150+0 4320 36353 9773 25640 146
155+0 538+ 4 37440 99.39 178+0 e8
150.0 324-8 382239 12085 152+0 83
15530 5412 35+38) 102156 1460 8¢9
17G»0 5576 39720 123+30 148+0 8¢l
175+0 57440 494760 135437 238+0 114
180+0 59D« 4 41560 106s81 15040 803
1%30 5168 42+360 128+25 16040 8e8
130+0 523.2 43+430 11017 2140 117
13549 539.6 44260 11167 156+0 el
2000 65640 454040 113.07 15640 8e6
205+0 6724 45860 11435 16490 9+0
21040 58848 464530 115+79 138+0 746
2152 755.2 474130 116+83 116+0 504
253 7216 47470 11745 5840 3¢7
225+9 7380 47980 11835 12240 305
23040 7544 48710 119-68 14640 Y]
23540 7708 494470 121403 15240 83
240+0 7372 50s31)0 122456 168¢0 Je2
24540 853.6 50960 123.73 1300 7e1
2500 2200 515653 124437 138+0 746

A5



CATATE NG g8 ISE AMs. EREGEN PAGE 2
188/455 /2128

SHLE N_OMIERSY TS5=RDw
JATE vMPAS REDS §11/30/70
NEPTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
AETERS ECET OFg C DES E 56 _C/KM DEG Fr/100 FT
252 R3He 52330 12614 130+0 791
2507 252.8 52+840 12711 1080 3¢9
2653 86942 53420 128¢16 116+0 Se4
27043 RR5+6 539390 129+18 1140 63
2752 3520 S4e510 13030 12440 6+3
RNG el 918-4 55+223 131+40 12240 67
ol o R 33445 55783  13P«4Q 1120 6e1
290+90 251.2 56+210 133+18 86+0 4e7
2954+( 247.6 56360 13435 1300 7.1
3005 93440 57142 134485 3640 3e1
3353 10504 57472 135+45 6640 3.5
31540 12168 573930 136438 104+0 57

LBCATIBN; LAVA BUTTE, BREGEN
195/11E=25BA

“HBLE NUMBERS: FS=1

DATE MEASURED! 10/1/75

T TH- © DEPTH ~ “TEMPERATURE GEOTHERMAL GRADIENT ——
EE?ERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
23«0 754 7712 45488 o0 Q
33.0 108+2 7670 45481 “4e0 W,H__'fa,,"__
e e 14140 T 79430 T 4537 w2450 ele3
5340 17348 70490 45448 60 *3
6340 20646 72570 45063 840 ”..'5_~uﬂ_
B < O e 23904 ~ 70680 4582 1100 b
8340 2722 8110 660 4300 2ok
93¢0 305+0 28080 46454 *3¢00 .__"ﬁ;__“
“_““‘“'“_10300 3378 ‘8¢340 47-01' Eéno 107
113+0 370+6 8e84Q 4791 5000 2e
12340 4034 94230 48¢61 39¢0 "m___wafi___“

A-6



LBCATIBN: BEAR RIDGEs, BREGSEN
195/16E=16DC

"HOLE NUMBER{  — e e e

DATE MEASURED! 10/2/75

SR P 2T S b DEPTH " TEMPERATYRE — ——  GEBTHERMAL GRADIENT——
METERS FEET PEG C DEG F DEG C/KM DEG F/100 FT
2590 8200 124430 S4e37 0 *Q
, 50+0 16440 13+54Q 56937 Gyeh 2ok
T I5W0T T T 2460 T3S0 T U SEWYTTTT T T e 8T e o0
10040 328.0 15+230 5941 6608 3¢7
1250 4100 17629 63072 956 S5e2
ety e e 4920 189490 65928 3ot P——-
175+0 5740 200010 6802 6008 3¢3
2000 65640 20+890 69460 352 102
_.—_____225_'0_ S e ?38 . 0 SR __22_'¢9°___ ,__72_’_“_8__.._ - s 2 6“1'0_ e - 3'_5
25040 820+0 242040 7527 620 3eb
27§|O 90240 25510 7792 588 32
30060 T 984e0 T T 26480 79966 -~ 388 2v}

LAZATIUN: DESCHUTES 20, SREGAN
PMaRI~

HELE NUMBER: 235 14E 23AA

DATE MEASUJRED: 8/s17/76

DERTH DZPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEZT DEG C DEG F DEG C/KM DEG F/100 FT
15w 32+8 9e562D 49439 *0 *d
15:3 492 9950 4931 3840 3.2
200 5546 104230 5041 5640 3.1
250 320 10582 5104 7040 38
3042 EERE 10780 51+40 4090 2e2
35.2 11448 11350 51+89 5440 340
400 131-2 11312 52+35 52+0 249
4540 14746 11330 5275 4440 2e4
500 1543 11710 33.08 3640 240
5540 1204 112392 5340 3640 2+0
5090 1368 12980 5374 3840 2e]
850 213.2 12+280 54410 400 22
Gsd 229.56 12+4220 544356 280 15
7540 2460 12+580 Sheby 32¢0 1.8
%00 2524 12750 54435 3490 1.3
3540 2788 12910 55424 32+0 18
30D 2352 13+082 55«34 3440 19
Y540 1L+6 13230 5585 34+0 13
1585 C 32%-0 13¢422 56156 340 13
19540 Iubeh 13580 5644 320 18
110-0 360-8 13720 56+70 28+0 15
115.0 377-2 13+880 5698 32+0 18
1250 393.6 14370 57433 380 2el
1252 4130 14280 5770 4240 23

A-7



LOCATIEBN: FREDRICK Be« LEG» BREGBN
20s/21E-7BA

HBLE NUMBER: BR=75=25

DATE MEASURED! 12/ 2/75

DERTH DEPTH TEMPERATURE GEBTHERMAL. GRADIENT -
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
540 164 9+550 49419 0 0
7.5 2406 9480 49+06 =28¢0 =15
10+0 328 Te750 4533 1080 Je¢J
12+5 410 94915 49485 5600 3e6
1540 492 © 10035 5006 480 26
17+5 574 10+160 5029 300 2e7
20+0 6546 10+295 50453 5440 3.0
2245 73.8 10420 50.76 300 2+7
25+0 82+ 0 10+560 5101 56+0 3ol
27+5 902 10+693 5125 540 3«0
30.0 984 10835 5130 5690 3.1
325 106+6 10+965 51+7% 5240 2eJ
3540 11448 11095 51497 32+0 2e3
3745 123+0 11225 5220 520 23
0«0 1312 11+350 52 e43 30%0 27
425 1394 114792 320565 4840 2e6
4540 1476 11610 52+30 56+0 3¢l
75 155+8 11+750 53+15 56+0 31
5040 16440 11+883 53¢39 5490 340
3245 1722 12+012 33462 300 2¢7
55+0 180«% 12150 5387 36+0 3el
575 1886 12+290 S4e12 36+Q 3.1

LUCATT M: CESTHUTES 28, 3ReFA
MRAR e
HillE NoMiERs 2435 1.E 25453
AT, MEARURES ! 3/5./76
DERTH DzPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEST NDE3 C DE3 F DG C/KM DEG F/100 FT
e 32+8 72353 45.23 +0 )
2453 41.0 7333 4528 12+0 o7
139 4342 70433 45041 280 1.3
1735 574 74512 45432 2440 1.3
221 n5.5 Te3RD 45564 28+0 1+
323 73w 7739 §5e86 +8+0 245
250 2.0 7773 454339 280 145
273 30.2 7e24] 46411 28+Q 1+3
3020 ER.4 7353 638 500 33
325 125456 3182 464772 76+0 4o
25 . ) 1143 3345 4721 540 3.3




LTATIAN: DESCAHUTES CB,

PM5=3DH

4diE NoM3ERI

215 15E 1s8A8

BREGAN

JATeE MEASUREDY 3,17/76
SEOTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
AETERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
1523 32.8 8+230 4685 +0 o ~

150 4942 84310 4636 1240 o7
2000 5546 8392 47«10 16+0 *3
2549 32+0 8512 47432 2440 13
30 0 9344 8e712 47468 4040 2e2
350 1148 R+960 48413 5040 247
G750 1312 3+99) 48418 60 +3
4540 14746 9080 48434 18«0 1.0
501 16440 9200 48+55 2400 13
535.0 - 1304 9400 48+32 400 B 268
AD oD 136.3 9.38) 42424 36+0 2¢0
550 213.2 9760 49.57 36+0 240
7059 22946 94930 4987 340 13
7540 246+0 10+180 50+32 500 2e/
8040 2624 10430 50477 50+0 2+7
85,0 27848 10740 5133 620 3e4
303 235.2 11940 5187 50+0 3.3
930 311+6 11+342 S2e4] 500 33
1350 328+0 11-590 52:86 300 2+7
195+0 3444 11860 53+35 3490 30
110+D 356048 12+132 53+83 3400 3.0
11543 _377.2 12380 54428 50+0 2ud
129.0 333.56 12610 S4+70 460 25
12542 4100 12+870 55+17 520 23
135=0 bbb 1341320 55463 5240 2e3
135.0 44248 13410 56e14 560 3]
14040 459.2 13740 5673 6640 3+6
14540 47346 14060 5731 640 o35
155" 432.0 14330 57+79 5440 3.0
1325 5352 144582 38+03 3P0 23

A-9



LACATIZN: DESCHUTES CB, BREGAN
3R=ROH

HELE NUM3ER: 215 17E 14D

DATE MEASURED: 8/03/76

DEPTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
7.5 24.6 2302 4694 +0 «0
10+0 32.8 8+430 47417 520 243
12.3 4140 9020 48824 23690 130
1540 4942 9¢13) 4854 580 3.7
1745 574 24520 4914 132+0 702
230 6546 94310 49+66 11640 S5el
22.5 73.8 10+120 5022 12440 608
2540 32+0 10+409 5072 1120 60}
2745 902 10670 51«21 108+0 52
30.3 98 e 4t 10930 5167 12490 57
3245 106.6 11230 5221 1200 5¢6
3560 1148 11459 52+61 38«0 48
37:5 123.0 117560 53+17 1240 68
400 131.2 12+030 53465 128+0 53
4245 1394 12+230 5401 800 hol
4540 14746 12440 54439 S4e0 beb
475 155+8 12+640 54475 2300 ek
500 14440 122820 55+08 7240 402
5540 1304 13+230 5581 32:0 45
5040 1968 13730 5671 1000 55
6540 213.2 149230 5761 120+0 55
7040 223.6 14680 5842 3090 43
7540 24640 13090 594156 3240 43
BCeC 246244 15450 59481 720 40
%50 278.8 15820 60+48 74+0 el
90+0 295.2 162190 6114 740 Ge]

A-10



LOCATION: FREDRICK Be LEGs UREGON
21S/19E=120D

HBLE NUMBER: BR=~75-24

DATE MEASURED: 10/ 2/75

T DERPTHT T TDEPTH T T T TEMPERATURE
METERS FEET DEG C DEG F DEG C/KM
2e5 8e2 11680 5302 *0
50 1604 9589 4b9e24 =840+0
. - T 46T T TTTEBWBBD T T 47.95 =238+0
100 328 9029 48024 6400
125 410 9255 4856 940
5.0 3942 9410 T 48«94 620
175 574 9¢6390 49233 88+0
20+0 656 9¢860 49475 92+0
T22sd T73%87 7 99963 4994 420
2540 820 10055 50+10 3600
2745 90e2 10170 5031 4600
30+0 98skh " T T {0285  50e51 460
3245 10646 10465 5084 72+0
3540 1148 10680 51.22 860
375 T 123« T T10e920 B1ess 9690
400 1312 110165 52410 98+0
425 1394 119459 52061 11400
530 T 1376 77~ 1[+785 7 53e21 13400
4745 1558 12125 5382 136+0
500 16440 120345 5422 88+0
oce2 TTI7@e2 T 120590 T T 54066 98+0
550 1804 12+869 5515 1080
575 188+6 13035 5546 700
5000 L1968 T T 139230 8581 7 7 78s0

A-11l

GEBTHERMAL: GRADIENT
DEG F/100 FT

+0

w460
#1358

3¢5
52
3e4
LTY:]
3¢0
23
20
2e5
2e5° T
40
4e7

Feg—

Sed

6e3

Tk

75
48

Hek

59
3.8

463"



GEBTHERMAL. GRADIENT

LOCATIBN; GLASS BUTTES LEG» SREGHN
215/23E=26C
HBLE NUMBER: BR=75%18
DATE MEASURED! 9/30/75
CDEPTH T TTTTTDEPTH T T TEMPERATURE
METERS FEET DEG C DEG F
50 164 11055 5190
745 246 11022 5184
“10+0 T 3287 7 T 119349 " 52e4}
1245 4140 11500 5270
150 4942 11+605 5289
47957 T U B7ed T 11735 53,12
20+0 6506 11+880 5338
2245 738 12000 53460
2540 8240 12+100 5378
2745 902 120195 5335
30«0 984 12293 5413
T 325 '___“'1_0'676 T T T 12395 54031
35.0 1148 12+500 54450
375 1230 12605 5469
TTUTTTUTTROW0 T T3 T {28705 T 54987
4245 1394 12810 5506
4500 14746 12+905 55023
G S S T e 11T R 137005 55y
500 16440 13105 55459
525 172e2 13205 55077
TB5eQT T T80 E T 139310  55.96
575 18846 13410 56e14
600 ;?9’; 13{51? _4“56033

DEG C/KM DEG F/100 FT
o0 0
=140 wed
12840 70
6400 35
420 23
520 23
58+0 3.2
480 2e6
40+0Q 2e2
380 2e]
40+0 2e2
“§D50 e o
4240 2e3
42eQ 203
500" R
h2eQ 2¢3
3840 20}
Fosg- T —BvE—
400 2e2
4000 2e2
apRQ- PR
40+0 2e2
4200 23



LECATISN: DESCHUTE: CB, BREGEN
CH=RDH

HSLE NUMBER: 225 1s4E 3AC

DATE MEASURED: 8/04/76

NEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
19«3 32.8 5¢290 41.52 +0 «0
12+3 L1eG Se490 4188 80+0 ok
15+0 49.2 5570 42403 32+0 1.8
1745 574 5693 4208 120 o7
250 5546 53590 42456 =40 .2
229 73.8 55600 42«08 40 2
25.0 5240 5519 42410 40 o2
275 302 5«64 4215 120 o7
30.0 38+ 4 56590 4217 440 ‘e
32.5 106+6 S5e640 42415 “4e -2
350 114+8 5612 4210 =120 =7
37-5 18300 5.63;} 42-38 =4 -
#Cwl 1312 54530 42406 =40 -2
4245 139.4 54590 42406 «0 Fe)
4540 14746 5¢5600 ° 4208 4e0 2
475 155.8 5602 4208 +0 o0
500 164.0 5420 42412 80 ok
52D 1722 5622 42-12 0 *0
35-0 1804 5640 42415 8+0 oh
57.5 188+6 5660 4219 8+0 ok
600 1968 5680 42422 80 oh
65245 2050 5720 42426 ] 80 , v b
450 213.2 5720 4230 8¢0 o4
675 2214 54750 4235 120 o7
700 2P9.6 5780 4240 12+0 o7
750 24640 5+220 4248 8+0 (X

SACATIoN: DESC~JUTES £0, BRLSGAN
GMeR A

“5LE NuMBER: 225 13E 35AD

DATE MEASURED! 8/04/76

BERTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
18at 3248 £330 Ghel7 0 +0
12+5 410 7050 44469 480 246
1%+0 49.2 7+150 44487 4040 2e2
1745 574 7172 44e31 840 o b
Gl 5546 74210 44038 160 *9
23 73«8 7300 45414 360 20
2640 3240 7332 45419 120 o7
2745 902 7340 45¢21 440 2
320 SEed 7e44D 45439 400 2e2
325 1366 7e440 45439 «0 0
15, 11448 Feu72 45445 120 o7
37«H 1 hes 7537 454656 480 2+6
wed 13i-2 /620 45472 12+0 o7

A-13



LOCATISN: FREDRICK B. LEG, BREGBN
22S8/19E=-5CC

HBLE NUMBER! BR=75=27

DATE MEASURED:! 10/ 2/75

TUTUDEPTH T T T DEPTH TEMPERATURE GEBTHERMAL. GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT

25 8e2 12780 5500 0 «0

50 1604 109045 50408 ~1094+0 -60+0

10+0 328 94265 48068 44eQ 2k

1245 4140 94495 49409 9240 500

150 492 9730 49451 2400 5.2

1745 574 2905 49483 700 38

200 656 10080 50«14 700 3.8

225 738 10240 5043 6400 3e3

250 8240 10400 50«72 5440 3.5

275 902" 10590 51«06 760 be2

T 7300 - 98.4 10700 5126 b4¢Q ' 2ok

325 106+6 10825 5148 50+0 27

3540 114.8 10969 5173 540 3.0
g7 T 1530 119170 © " BBl T T Bhep T T TR T

LACATIANT DESCAHUTES £8,8RESON
FBE=-RD-

4O9LE NUMBER: 223 13E 32AD

DATE MEASURED: 8/03/76

DEPTH DEPTH TEMPERATURE GEBTHERMAL: GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
10.2 328 9032 48425 0 0
1243 4140 9330 48+79 120+0 696
15«3 4942 Je¢510 49+12 720 40
17+3 574 9520 49.32 440 24
250 A3e6 9700 4946 32+0 1+8
2P+5 738 9¢313 4956 440 2e4
25-3 320 9¢93] 49487 480 2e6
27.5 20-2 10020 5004 360 2+0
359 GRe4 0122 5022 4090 2e2
323 106-6 10222 50+40 4090 2.2
3540 1148 13310 5056 3690 20
275 123+3 10423 5072 360 20
450 131-2 15560 3101 540 35
4245 139.4 10730 5131 5840 3.7
4540 147-6 11060 5191 132+0 7e2
4745 1558 11322 5238 104+0 S5e7
59.0 1540 11473 5265 600 3+3

A-1L



LULATIUNS GLASS BUIIES LEGs BREGHN
225/23E=14CB

HBLE NUMBER: BR=75=19

DATE MEASURED! 39/30/75

DEPTH DEPTH - " TEMPERATURE —~  GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
50 164 10192 5034 o0 o0
745 2446 10+235 50«42 1840 10
100 32.8 10630 5113 15840 87
125 4140 10850 5153 8840 448
15«0 492 11000 5180 600 3.3
1745 574 11+155 52408 6240 C 3eh
19.0 623 11150 5207 »w3e3 o2

LBCATIGN: BURNSs» BGREGON

228/32E=34CC
HOLE NUMBER: DRey =~ —— T T T N
DATE MEASURED! 6/11/75

~ DEPTH DEPTH S CTEMPERATUYRE —— — GEBTHERMAL GRADIENT — —
METERS FEET DEG DEG F DEG C/KM DEG F/100 FT
540 164 17049 62467 '0 o0
100 328 20590 69406 71040 3940
~ 1540 4942 2561507727 T T9tRv0 — 500
2040 6546 26080 7894 1860 102
2540 8240 26¢100 78498 40 o2
300 - 9844 26140 79¢05 80 o
3540 11408 26200 79+16 1220 o7
400 131¢2 264259 79425 10¢0 5
4540 14746 260360 79w ———-——ggsQ——————{v@———
50¢0 16440 269480 79466 2440 1.3
550 18004 26559 7979 140 *8
6040 19648 260619 779990 T pReQT T w7
650 2132 264790 BQe22 360 20
700 22946 264880 80+38 1840 1+0
7540 24640 i e} 40 IR 11 7/ T ) ¢ IR ¥ 1 R
80¢0 2624 27050 80e69 8¢0 o b
85¢0 27848 27¢120 80¢82 1490 o8
9040 295.2 274260 81907 280 T les
9540 31146 273990 8130 2640 104

A-15



LIZATIoN: LAxE C2, BIESIN
FBS=ROH

H3LE NUMBER: 235 1%E 583

DATE MEASURED:Y 3,/03/76

DEPTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT

JYETERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
10«8 328 84760 47477 =0 e
1540 4942 9+150 4847 7840 443
200 6546 94520 49e14 7400 4ol
2540 8240 94860 49.75 5840 3.7
30«3 9% 4 15+082 50+14 4490 2ok
350 114.8 10332 50+39 30+0 247
BGel 131+2 10522 5094 380 2.1
450 14746 10930 5157 82+0 4e3
500 164+0 11540 5277 12240 6e7
5540 1804 12+140 5385 1200 66
5040 19648 12+600 54458 3240 340
65540 213.2 13030 55449 3040 403
7030 22946 13+570 5643 134+0 57
7540 24640 13812 5685 4840 26
300 2824 14089 57«34 540 340
8540 278.8 14310  57.76 460 25
3040 295.2 14+600 58.28 38+0 3.2
95.0 3116 14+880 58+78 5640 3.1
12040 328.0 15+080 5914 4040 2e2
10540 3444 15389 5968 500 3.3
110.0 360.8 154620 60012 4840 2e6
1150 3772 15+860 60+55 480 26
12G+2 393.5% 16+132 6103 540 3.0
12540 410.0 16420 61+36 38+0 3.2
1300 bbb 16+6350 6197 _ k6eD 245
1350 44248 16+870 62437 4400 2ok
140+0 459.2 17130 62483 5240 249
14540 4756 17449 63+39 62+0 3e4
150+3 432.0 17642 6375 40+0 2.2

A6



LOLATLONS

5LASS BUTIE
238/23E-18C

HBLE NUMBER! BR=75=21
DATE MEASURED! 9/30/75

Eaanian v o h . e

METERS

540
745

10+0°

1245
15+0
“1748
20+0
2245

250

275
300

T 32W5

3540
375
4000
425
4540
475
500
525

57«5
6040

e

55407

S LEGs BREGBN

A-17

TTTTDEPTH” TEMPERATURE GEBTHERMAL GRADIENT
FEET DEG C DEG F DEG C/KM DEG F/100 FT
164 11+040 51487 0 Q
2446 10+895 51«61 -5840 "3.2
3248 113507 52437 {820 10+0
410 11670 53¢01 12840 740
492 11+959 5351 1120 6ol
574 67— R Tt i A T - 745
6546 124629 S4e72 1320 7e2
7348 124989 5536 14440 79
82+0 ~ 13¢39) 7 5610 T 1640 T T 9v0 T
90s2 1346990 56464 12040 6eb
984 14+105 57+39 16690 9e1
10646 1610 5830 2020 11+1
11448 15+0890 59¢14 18840 103
12340 150440 5979 1440 749
1312 15780 6040 1360 7+5
1394 16095 6097 12640 609
14746 164425 61456 13240 7.2
15548 ~ 169760 62917 T 13%+0 7%
16440 17100 62+78 13640 745
172+2 174440 6339 13640 7¢5
T L8064 T 179780 6ke00 13690 7+5 -
18846 18095 6457 126+0 69
19648 184430 6517 13440 74
S0 111 ¢ J 18740 6573 T {2%%0 68




LUCATIEN: HARNEY CH9, BREGBN
GV el u?

~ALE NUMRBER: 235 2&6E 25AB
JATE MEASURED: 7/09/76

DEDTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT

“ETERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
108 32.8 8¢682 4762 ) «0
2040 6546 9600 49428 32s0 50
3040 S84 10440 5079 840 heb
325 126+6 10470 5085 120 o7
25.0 11448 10430 5088 80 o4
37.5 123 10+540 5037 200 1.}
40«0 131.2 105790 51-03 12+0 o7
4245 1394 10590 5106 8e¢0 ok
4540 14746 10610 5110 8¢0 ok
475 15548 10+630 5113 80 ok
Syaf 16440 10650 5117 8+0 o4
35.0 180+ 4 10712 5128 12+0 7
5G=C 196.8 10890 5144 180 1«0
5540 213.2 10970 51475 340 1¢9
700 229.6 11110 5200 2840 15
75+0 24640 11310 52436 40«0 2¢2
850 2624 11472 5263 3240 1.8
85.0 278.8 11550 52+79 1640 «9
0L 29542 11+630 5237 20+0 1e1
9540 311.6 11880 53.38 460 2¢5
190+G 328.0 12+200 53496 65400 3e5
10540 3444 12+620 54472 8440 ko6
11G+0 360-8 12+970 55435 700 3.8
115.C 3772 134300 55«94 65640 346
125+0 393.6 134570 56443 54¢0 3.0
12540 41040 144129 5742 1100 640

A-18



LECATIEN: HARNZY CUs BREGOHW
GVedal

HELL NUMs3ER:! 238 27E 2988

CATC MELASURED: //03/76

JEeTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
L TE=S FEET DEG C DEG F DEG C/KM DEG F/100 FT
L2+ 3268 9490 4908 *0 *0
200 556 §e843 47491 ~650 =346
300 98 4 2072 4833 2340 1.3
e D) 1066 $¢530 4836 840 4
Dy 114-8 94100 4838 4Le0 o2
57«5 1230 Se120 4Rek4? 80 oh
5G40 1312 9140 48«43 8«0 o b
425 1394 9+180 48452 16+0 .9
45+C 14746 9200 48456 80 ob
575 1558 9210 4858 4e0D ] 2
550 15440 Se212 48458 «0 *0
5.0 1A0«4 Fe24) 48463 60 «3
600 19568 9260 48467 40 7 o2
6540 213.2 9+280 48470 4e0 c
700 22946 94310 48476 640 *3
755 24640 94330 4879 40 o2
Bl PrP .4 2e350 48+83 4e0 o2
550y 278.8 9373 4887 4e0 o2
S760) 255.2 Qe410 4834 8e0 o4
S5+ 0 31146 9520 4914 220 1e2
100+0 32860 9670 49441 30.0 146
1953 bk 9500 49482 460 25
119+0 3608 10122 50«22 4440 2k
115+ 377.2 16412 5074 5840 3e2

A-19



LBCATION: WAGBNTIRE LEG, BREGON
235/28E=-18D

HBLE NUMBER: BR=75=12

DATE MEASURED! 9,/30/75

T OEPTH T T T T T TDEPTH T T TTEMPERATURE GESGTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
50 164 11395 5251 o] °0
745 2446 10+ 865 51056 2120 =116
TUTT1oW0 3248 119245 =~ 52e24 15240 843
12+5 4140 11+365 5246 48+0 2e6
15U 4942 110440 32+59 3000 1.6
R WA~ 57«4  11e49)  52.68 20s0 1e1
2040 6506 11535 52476 1840 10
2245 73.8 11590 5286 220 1.2
- L1 82+0 119650 5297 2400 13
275 902 11710 53.08 2440 13
3040 9844 11775 53419 2640 1e4

325 1066 11845 5332 280 © 15

3540 1148 11915 5345 2840 1e5
375 123+0 11985 53¢57 2890 15

400 TOUTTTTI31e2T T 129055 53870 S X v o e b v
4245 13944 12125 5382 28+0 1+5
450 14746 12+205 53497 3240 108

75 15538 {2ve9) T 54vi2” 3440 : e R

5040 16440 12¢375 S4e27 3440 109
525 1722 124535 Shey 32+0 1.8

5590 T 180« T 12545 She58 3600 T 2«0
575 18846 12+629 5472 300 16
60«0 19648 12703 54087 340 1.9

A-20



LOTATION: BRISE AMir BREGHN
3T/ 4DE LT AT

HOLLE niuhgelks R3-C«C

FATE MEAZGIRE=T 10y Br75

DEPTH DZPTH TEMPERATURE GEBTHERMAL GRADIENT
ML TERS FEET DES C DEG F DEG C/KM DEG F/100 FT
£ 1R 136535 36373 =0 L3)
270 A5+ 5 145610 58+30 7620 he2
2343 32+ C 15300 3920 780 43
30D ARk 135272 5949 3440 30
Tl 114-8 13510 50+19 58+0 3.7
s 131=2 15+ 78) 6040 140 1+3
- 14/.5 15322 HCe8Y 180 246
SYains| 140 16292 51432 540 30
5540 133+4 16+330 61+79 5240 2e3
A0ed 13628 16782 6220 4640 23
LBl 2:3.2 17+18) 62-32 300 Gok
753 228.6 17330 53+539 7440 4l
Py e) Dadhe 17300 6422 700 3.8
%00 26244 18+190 bhe7h 5840 362
250 278.8 18+320 5534 6640 366
RS _2795.2 18+812 55186 380 32
G 3il+6 19263 5631 3040 247
1S58 323,53 120475 57435 32.0 4e5
R S, e dh 19347 6771 740 4e1
110.0 3408 20+200 68+36 720 490
11542 3772 20+330 68+95 5690 346
1253 39346 22+3563 69455 5690 366
125.4 43050 21+173 7011 520 3ok
13240 bpbak 21+309 707D 560 3¢5
13342 442403 21783 7120 53640 3e1
14040 45942 22+200 71560 4440 2ol

A=21



LBCATIBN: GLASS BUTTES LEG, BREGON
24s/22E=20D

HBLE NUMBER: BR=75=22
DATE MEASURED! 10/ 2/75

DEPTH DEPTH - TEMPERATURE GEBTHERMAL. GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
2+5 82 13800 5684 +0 0
540 1604 113490 52e41 =98490 »54e0
TUTTTeS T T 2UeE ‘ 11560  52+81 8840 " hed
100 328 11665 5300 4240 2e3
1245 4140 12333 54420 - 26810 147
150 T2 T 12545 " 54458 840 beb
175 5704 12830 55+09 11490 63
20+0 656 13110 55660 112+0 6l
2245 ~ 738 7 7 136400 56412 116+0 Gok
2540 82+0 13+68) 56462 11200 6e]
2745 90«2 13990 5718 1240 68
3020 7 T 9Bek 14250 57465 © 10490 S5e7
325 10646 14590 58ep56 1360 745
3540 114+8 144895 58481 122+0 6e7
7S g BT TEY 89332~ 11se0 = — Ead
4040 131.2 15500 59430 128+0 7.0
4245 1394 15790 60042 11690 6ok
""" 500 THARTe6 T T {69180 61405 14000 77
475 1558 164455 61462 12690 59
5040 16440 16760 6217 122+0 607
TGRS T {72we 17065 6272 1220 T €7 T
5540 1804 17355 6324 1160 6ok
57+5 18846 17660 6379 1220 607
TTTTTTTTROWD T T T 19698 T T 17955 64«32 7 T 118e0 T T Ees T

A-22



LUCATIBN: GLASS BUTTES LEGs, BREGON
245/22E=20AA

HBLE NUMBER: BR=75~23

DATE MEASURED! 10/ 2/75

T DEPTH  DEPTH ' TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
5.0 1604 10515 5033 o0 *0
75 246 104235 5076 =360 =20
771060 ' 328 ’ 10660 5119 940 52
12.5 4140 10740 5133 3240 18
15+0 492 10800 51s44 2440 143
R o R 574 104885 5159 340 199
20+0 65¢6 10985 5177 400 2e2
225 73+8 112240 5223 10240 306
e N T 8260 11535 52+76 11840 63
2745 90e2 11+815 53427 1120 50}
3040 984 12110 53480 118+0 65
TR T GRS T T TR T T IREAsE T T 7] I Y G
35+0 1148 124540 5457 4800 2e6
3745 1230 12+710 54488 580 3.7
EEESE - { AEe v TTT12988) 7 T UBB5e18 T T T T g8eQ T 37T T
4245 1394 13+053 5550 700 38
4540 14746 13230 5581 7000 3+8
T g T T R R S e e e e TR G T T T g T T T T g e
5040 1640 13+610 5650 8000 bok
5245 1722 134845 56492 400 52
----- TTE5%0 T T U180 s 149085 T 57935 U960 T T 383 T
5745 18846 14280 57470 780 be3
6040 19648 14430 57997 6340 3e3

L2CATIANSG HARNEY C3, 3<EGON
S8-R]O~

H3ILE NUMBER: 248 23E 32D

DATE MEASURED: 8,02/76

DERTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
SBORRs) 3248 10742 51433 ' 0 , *D
1245 4149 10+970 51475 92+0 50
1540 4942 11+060 5191 3690 2+0
1745 574 11+182 52s12 48¢0 2e6
2049 6546 11+433 52+57 1000 3.3
22.5 738 11+810 3326 132+0 843
2549 R2.0 12102 53.78 11640 bett
2745 30-2 12+310 5416 840 4e6
300 384 12320 5454 S4e0 4eb
32453 176+6 12900 55022 152+0 83
35.0 114.8 13230 55281 1320 £
3745 123:6G 13.48D 56425 100+0 53
4000 131.2 13732 56«71 100+0 5e3
4243 1394 13+920 57+056 7620 be2
4540 1476 14+000 5720 320 1+8
4745 15548 14+03590 3729 200 11
50+2 1645 14040 57«27 ~4+0 ™A
32+45 172.2 14042 5727 ) o0
350 18304 14040 57-27 «0 «0
37+5 18846 14080 57+31 8¢ o4
£5+0 19648 14290 5736 12+0 +7 a2

A-23 ot




LECATIN: HARNEY C5» BREG
SR-RoH

HELE NUMRERS

245 2ok 13DC

DATE MEASURED! $/03/76

B

DEPTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERKS FEET DEG C DEG F DEG C/KM DEG F/100 FT
1854 3248 113230 53+38 0 +0
20:0 £65:6 12790 535402 8300 bog
300 CERYS 13430 5664 30+0 be9
40.0 1312 144120 5742 430 2ol
503 40 14540 140243 58+89 32+0 be5
55402 150-4 150292 5916 30¢0 1+6
500 1395:8 15432 5977 5820 3.7
55.0 213.2 15750 60+35 5440 33
7040 22946 16020 5084 540 340
7540 24640 16230 6121 42«0 23
R0 2624 160443 6£1+39 420 23
25.C 273.8 164670 52401 460 25
90+ 295.2 1598380 5238 420 2e3
35.0 311-6 17+120 62482 480 26
120:0 328.0 17360 63+25 480 2e6
155.0 34444 172400 63+68 480 2+6
110+0 3608 17+310 6406 4240 2e3
1159 377.2 18910 6442 400 2.2
120+9Q 393.5 18260 6487 30+0 247
125.0 410.0 18«370 65+07 22+0 1+2
130+0 4264 18620 65052 50+0 27
13540 4428 18+860 65435 4840 2e6
143.0 459.2 19+103 6£6+38 4840 26
145.0 4756 19420 664356 5440 3.3

A=24



LOCATIGN: WAGONTIRE LEG, BREGABN
R24S/26E=24AC

HBLE NUMBER:! BR=75=13

DATE MEASURED! 9/30/75

TOUUDEPTHT T 0 TTDEPTH T ‘ TEMPERATURE GESTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
5.0 164 11535 5276 .0 "0
745 2446 11+970 53455 17490 945
T 100 32.8 12500 54450 21240 1146
1245 41+0 13000 55440 22040 110
150 4942 13599 56046 236+0 13¢0
B 3 574 14090 5736 200+0 110
2040 656 14889 58478 31640 173
2245 73+8 15479 59485 23640 1340
2540 820 150830 6049 14490 79
2745 902 16579 6183 296¢0 162
3040 9844 16905 6243 13490 7ok
TTTTTTTRR2E T 10660 T 17510 63e52 24240 13¢3
3540 1148 17880 6hel8 14840 8el
3745 12340 180490 6528 2440 13+4
4070 T TI3Ie27 T T 189820 6588 132+0 ' T 7e2 T T
4245 1394 19155 66048 13490 7eb
4540 14746 19465 6704 12490 6e8
T T R7WS T U TUIB5W8 T T T 194660 67039 7840 4e3
5040 1640 19+880 6778 8840 4e8
5245 1722 204070 68+13 7640 be2
550 T TTLRBOW4 T 20260 0 68e47 7640 ST e T
575 18846 200465 6884 82+0 b5
6000 19648 200673 69.24 8400 beb
615 T T TTR0T.7 T TTP0e745 69.34 4bee?7 CTTTR2e6 T

A-25



LBCATION: LAWEN,BREGEN
245/32«5E=23DD

HULE‘NUHBER:"" T

DATE MEASURED! 7/21/75

“OEPTHT - o DEPTH - - TEMPERATURE GEBTHERMAL! GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
Se0 1604 169059 6089 «Q 0
1040 32¢8 15330 59459 *14400 w7e3
TSN T g9 199630 T T BDW1T 600 Sl T o
20+0 656 15640 6015 20 ol
250 8240 150650 6017 20 el
R (7 7 i {1 TTTIS5e700 T B0e286 1000 5
350 11408 15759 6035 100 *5
4000 1312 15810 60046 1290 o7
TSR0 14766 189870 6057 T N ¢ et
5000 1640 15900 6062 60 3
550 1804 15929 6066 4e0 o2
A 1 1o A &1 ¥ Su— 0T 1 - 10 R o [ 4 - T §- 1 ¢ I A A
650 2132 16000 60+80 400 '2
7000 22946 16310 6136 6240 3ok
750 24680 T 163873 8ISl 0 eWQTT T w3
8040 2624 169669 61+99 5400 3¢5
8540 278+8 16750 62+15 18«0 1.0
T 900 2952 17170 6231 T840 T e
95+0 3116 17+49) 63048 6400 3¢5
10040 3280 17700 6386 420 23
W0 By 17980 64836 3690 3wl
1100 3608 18300 64e94 6400 3¢5
1150 3772 180639 65453 5600 346
R0 - 3936 180880 6Be98 - 800 27—
125'8 tlgGO 19210 6658 6600 g'g
30 o 9e5 67+12 600 .
...._..,.._._._._H_.._%_gs.,o__ _____ “52' 8..‘ A_.__ég .7%8. > o 67'%7 ey 4 sg,g_ e ate a ,7._.__
14000 4592 190950 67+91 380 2el
1450 4756 209650 69017 1400 7e7
____,_1_50'0_._. AL gy #92.0._ e ..20.910._.,.‘.”_,._. 69.6“ - - .32.. o.....,_ i B ‘-_,..3.9_._... —




LBCATION: CRANE, BREGEN
245/33E BSAD

‘ﬂﬂcﬁfwunatﬂz
S OATES MEASURED' 7/21f75 ;

“=pEPTH— ‘ 'u‘PTﬁ——‘————‘—‘TEﬁPERKTURn ——GEOTHERMAL GRADTIENT—
METERS FEET DEG C DEG F DEG C/KM DEG F/100 F1
5.0 160h oo 3 3e@30 55871 - <0 e 0
100 ‘ 32e8. 13640 . 56#55 B0 e i el
15+0 592 TH+147 57+4%5 1000 5+5
20+0 656 14750 58455 122+0 Se7
2540 82«0 15+290 5952 1080 53

o8 o SETES- (-5 & COTRITSSE 2 3.4 - 7 40 SIS - 1 X 2. T g TI6F0r o ST
3560 C114e8 16350 0 61e43 96eQr 593
4040 C13Le 0 160810 i 62926 92 Q: A SeQ
550 t57+6 175137 Bc*d3 540 3v5
5040 16440 17480 63e46 70+0 368
5540 18044 17980 64036 100+0 545
00 1968 —I8%G7] 65y ; EVY - ¥
650 2132 19010 ¢ 6622 1080 59
700 22946 19380 6688 TheQ: - el
753 260 19807 5765 30 46
800 2624 20+000 6800 40°0 2e2

85+0 2788 20+272 6849 540 3.0

LEBCATIBN: WAGBNTIRE, BREGBN
255/25E-228

HOLE NUMBER:
DATE. MEASURED! 6/19/75

—DEPTH :
| off

METERS FEET DEG C DEG F DEG C/KM  DEG F/100 FT

540 1604 114690 5304 g .0
| e A e e

10.9 3§-8 10410 . B50e7H «25690: =140
—15+0 59+2 10070 S0+13 —=6870 —=3v7
20+0 65.6 10049 5007 =60 r 3
32:3 8?-0 9750 49.55 =38+0 =32
CI- LT 560 59%03 =538%0T - w3w2

350 ‘1148 9300 4874 w3200 ';:giv
40+0 131.2 9540 49917 48¢Q: L 2eb
FovU TR7+6 98037 FIvEh 520 ' E-é*

A=27



LOUATLON;: waGoNITRE weas okEgoh
25s/26E=4CC

HOLE NUMBER: BR=75=14

DATE MEASURED! 9/3Q/75

DEPTH DEPTH : TEMPERATURE : GEBTHERMAL: GRADTENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
5«0 164 11110 52+00 *0 *Q
745 P4eb 10249 5043 =34840 =191
TO«0 3«8 T0+5350 5081 B340 4eb
12.5 410 10730 5131 1120 el
15«0 492 10900 5162 580 37
173 57% 11030 5185 22+0 2e3
200 656 11170 52«11 360 3.1
225 738 11310 5236 360 3.1
290 820 11550 5279 960 Q¢33
275 902 11775 33«19 300 4e9

_OCATIanN: DOUBLE-8 LEG, OSREGHN
25S/31E=4BB

HBLE NUMBER: BR=75=11

DATE MEASURED: 9/16/75

DEPTH DEPTH TEMPERATURE GEBTHERMAL,. GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
245 8.2 13349 5601 «Q «0Q
5.0 164 10510 5032 =1132¢0 =62e1
7%5 246 102470 5043 =1J08+0 =3+3
10+0 328 10460 5083 380 48
1245 410 109482 50486 840 oh
15+0 GJe2 10490 50«88 40 Y-
175 57«4 10490 50+88 «0 o0
2040 6546 10540 5037 2040 11
22+2 738 10540 5037 +0 «0
2540 82+0 10550 5099 4e0 o2
27 «5 90«2 10600 5108 200 1e1
30+0 I8+ & 10+653 5117 20+0 Te1
3245 1066 10700 5126 200 1.1
3540 1148 10750 5135 200 1.1
37+5 123+0 10810 5146 240 T+3
4040 131.2 10889 5158 28+0 15
425 1394 10950 5171 28+0 15
550 157+6 11+030 51+85 32+0 1+8
4745 155.8 11100 51498 2840 15
500 16440 11180 5212 32.0 18
ET-] I172+2 11270 Y- 360 cel
5540 1804 11320 5238 20+0 1.}
5745 1886 11+419 52«54 360 2+0
500 196+8 11390 5e+68 320 1+38




LOCATIGNS DIAMOND LEG, BREGON
25S5/33E-3BD

HOLE NUMBER: BR=75=«1

DATE MEASURED! 11/22/75
T UDERTH T DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
25 B2 12450 Shey] °0 o0
5.0 164 12+150 5387 =120°0 =66
795 2406 11+98) 5356 =53+0 w3e7
1040 328 12+439 5437 18040 99
1245 4140 12950 55031 20840 114
150 492 13589 560 b4 23240 138
1745 574 14290 5736 20440 112
2000 656 145790 5823 192+0 105
2245 7348 15+130 59.23 224900 123
250 820 15600 6008 1880 1003
275 902 15912 6064 1240 58
= 2Be6 93.8 16040 60+87 1182 65
LBCATIBN: CRANE, BREGBN
255/33E=11BBB
e HBLENUMBERT KRS e e
DATE MEASURED! 6/12/75
— T DERPTH— DEPTH " TEMPERATYRE— — — GEOBTHERMALGRADIENT——
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
50 164 13959 57+11 0 [Ye]
100 328 13970 5715 b0 o2
T N TS 4992 B C L0 (+ MR - ¥ (1 - T |+ S | ¢ e
200 656 130979 5715 ] *0
250 8240 13+980 5716 20 o}
SIS 984 135960 5T+ 1T~ w4 WP
350 11408 13999 57+18 690 *3
400 1312 14+390 5730 80+0 beok
e RS 147¢6 14848 87999 1000 T 5 ——
5000 16440 15200 59436 1520 83
5540 180e4 150440 5979 4800 206
TTTTTTEQW0 T T T T 19648 TT15%6107 T 6010 “34%0 19—
6540 2132 157590 60+35 2840 1+5

A-29



LHOA 3BISE AM3, BREGEN
2557465 /18AAA
|-+ :_E H“-%E;?: I?)"‘!";'\ i
LATE “EASUREDD 12/ 8/75
CEPTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
i 3258 12110 53«80 .0 «0
150 43.2 12520 She5h 3240 4e3
20.0 65456 12792 55.02 540 3.0
250 82+0 12+912 55424 2440 1.3
ETE e 5844 13182 5572 540 3.0
35,3 11458 13490 5628 5240 3e4
& el 131.2 13810 56+86 Q440 3.5
45-0 1476 13930 5718 360 20
50-0 164+0 14200 5756 420 2e3
55«0 1804 143890 5788 36+0 20
H0a0 135+3 1405640 58435 32+0 23
450 213.2 14+350 3891 520 3ek
1Ge3 223.4 152222 59436 500 2e7
75 %0 24640 15480 59486 3640 3e]
5040 2624 15+770 60+39 380 3.3
3540 278+8 16+060 6031 580 3.2
350 23542 14400 61352 5840 3.7
9540 3115 15+580 61+84 3640 240
1900 3P25.0 16360 6253 76+0 4e2
1350 444 17260 6307 60+0 3.3
1100 3408 17610 63+70 700 3.8
1150 37742 174850 64+13 480 2e6
120+ 333.5 189350 6449 40+0 2e2
195.3 410-0 1%+300 4ok 50+0 2e7
13690 4264 18500 6530 400 22
13540 44248 18+730 6571 460 2¢5
140+0 459.2 19000 66420 540 340
14510 47544 19230 6661 460 25
1530 4320 19462 67+03 4640 2+3

A=30



LBCATIBN: WAGONTIRE kEG: BREGBN
26S/24E=24AD

HOLE NUMBER: BR=75w17
DATE MEASURED: 9/30/75

DEPTH TTTTDEPTH T T T TEMPERATURE
METERS FEET DEG C DEG F
540 1604 10+585 5105
745 2heb 10725 5130
10.0 T 3298 114025 0 51484
1245 4140 11+180 5212
150 4942 11320 52038
7S T U BT kT 119495 52469
2000 656 11705 5307
2245 7348 110849 5331
D "82¢0 129075 = 53.73
2745 90«2 12330 54019
30+0 98 4 12549 5457
T T 3265 T 10646 T 124760 54497 7
350 1148 12+970 55435
37+5 12340 13+185 55473
%090 131+27 ~13%41{5 5615
4245 13944 13655 56458
450 14746 13+845 56992
5755 TTIB5e8 T {4+035 857426
500 16440 14230 57461
525 1722 1450440 5799
5570 1804 {4595  58e27
5745 188¢6 14850 5873
6090 196.8 15059 59+09
LOCATION: \4 i3, OREgON
Peisrtotoss
HBLE NUMBER: BR=75=15
DATE MEASURED: 9/30/75
DEPTH DEPTH  TEMPERATURE
METERS FEET DEG € DEG F
540 16e4 10169 5029
745 246 10795 51e43
100 T 32«8 T 10920  51e66
1245 4140 100945 5170
1540 49.2 10565 S51e74
175 87«4 T 710%995 5179
2040 6506 11040 5187
225 73+8 114095 51497

A-31

GEBTHERMAL GRADIENT

DEG C/KM

*0
36+0
120+0
620
560
70¢0
840
5400
940
102+0
8400
88+0
B840
860
920
96+0
760

76:0

7840
840
6290
10240
800

DEG F/100 FT

«0
3¢}
6e6
ek
31
38
4eb
30
32
56
4eb
48
beb
4o7

50—

33
bep

he2

4¢3

beb

e

Seb
4-#»M B

GEBTHERMAL GRADIENT

DEG C/KM

v0
2540
300
100
80
120
180
220

DEG F/100 FT



LBCATIBN: DOUBLE~-6 LEG, BREGBN
26S/30E-3BB

HBL.E NUMBER! BR=75=10

DATE MEASURED: 9/16/75

DEPTH DEPTH T T TEMPERATURE

METERS FEET DEG C DEG F
245 842 14160 5749
5¢0 164 11949 53+49
b e it
100 32+8 12489 S4e46
1245 41+0 124619 S54e70
15+0 4962 129820  55.08
17-5 S7 ¢4 128990 55+20
2040 6546 129980 55436
2275 7368 T 136090 7 55456
2540 82¢0 13180 5572
2745 90e2 132590 5585
3040 98+ 4 {39300 5594

- GEBTHERMAL GRADIENT

DEG C/KM

*0
8880
© 1160
100+0
52+0
840
28e0
360
440
3600
2840
200

LBCATIBN: DOBUBLE-8 LEG, BREGBN
288/730E-2008

HBLE NUMBER: BR=75+8

DATE MEASURED: 9/29/75

DERTH DEPTH TEMPERATURE

METERS FEET DEG € DEG F DEG C/KM
540 1604 13010 55e42 *0
745 2406 100935 5168 =83000
100 T 7328 0 11215 5219 112+0
125 410 11330 5239 4690
1540 492 11365 5246 140
{75 BT 4 11720 5310 = 1420
200 6546 12+085 5375 146+0
2245 7368 122095 5377 heQ
2590 82%0 7 {2260 5407 660
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DEG F/100 FT

*0
w4 8e7
S eel
5e5
2¢9
b
15
20
2ok
200
15
e

GEBTHERMAL GRADIENT

DEG F/1Q0 FT

*0
w455
6}
25
8

e g g

8¢0
o2
T



LBCATIBN: DOUBLE~B LEG, BREGBN
265/46Z /2848
HOLE NUMRERD ROH=RaVL
CATE MEASURED:Y 12/ 8/75

PESTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/190 FT

155 32.8 12+0330 5359 -0 +0
15«0 49.2 12500 5430 9040 4¢3
230 6546 12+340 55+11 680 3.7
250 32+0 13272 55+89 860 be7
350 984 13+720 56465 3640 4e7
35+ 0 1143 1422330 5723 56+0 3.6
57l 13142 14433 57:37 300 bk
45+0 14746 14772 5859 68+0 37
32+0 164+0 15130 59.23 72+0 440
5540 1304 15482 59.8% 700 3+38
57«7 1956.3 15343 6051 72+0 40
3.0 213.2 16+200 61+15 72+0 4D
72540 229.4 16330 5175 6640 3.5
750 24640 16+940 62443 382+0 45
350 262+ 4 17+280 6310 680 37
2340 27848 17700 63+85 840 beb
5340 235.2 18120 b4e52 840 beb
35.0 311.6 13+330 65435 32+0 43
13240 32340 18+997 56+18 320 50
13540 34444 194280 66+70 580 3.2
11040 36048 19590 6726 62+0 ek
11540 377.2 20072 68+13 96+0 5.3
1250 333.6 20+510 68392 8840 b8
125.0 410.0 20722 6930 #2¢0 2+3

LOCATI6N: DBUBLE=-S LEG, BREGHN
275/29E=21AC

HBLE NUMBER: BR=75=9

DATE MEASURED! 9/29/75

DEPTH DEPTH TEMPERATURE ~  GEBTHERMAL. GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
50 1604 12+6590 54477 "0 o0
745 2496 11650 52497 40090 *2240
100 3248 1T+1%0 52005 7 #2040 wilsa
1245 4100 11420 52¢56 1120 6ol
1540 4942 11630 5293 8400 heb
T 7S T T T e7eE T 119770 53419 3640 T3]
2040 65e6 11880 5338 4400 2ok
2245 73.8 11970 53+55 36¢0 240
T 2540 82+0 127070 53+73 T40e0 T 2e2
2745 90e2 12195 53495 50+0 27
30.0 98¢k 12¢325 S54¢18 320 29
T 32 1066 12450  Shesl 5000 0 T 267
3540 11448 12+602 5468 6000 3¢3
375 123.0 12730 54491 5290 29
50+0 131+2 12+8870 8515 52«0 2«3
4245 1394 13+010 5542 600 3.3
4540 14746 13+180 5572 680 37
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LBCATIBN: CcBYBTE BYTTE, BREGBN
27S/30E=36CC

HOLE NUMBER: BR=75e«7

DATE MEASURED! 9/16/75

DEFTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
2.5 842 12+000 53460 0 «0
5.0 164 10¢280 50450 =68800 w378
- T 2hkee 10670 51.21 T 1560 T B
100 328 11040 5187 1480 8el
1245 4140 11200 52+16 64900 365
T 150 T 492 11360 52e45 6400 T 3e8
1745 574 11650 5297 1160 6ol
20«0 656 12069 53471 1640 90
I~ ) - R TTT73.8 {2160 53¢89 40«0 T T Re2 T
250 820 12340 S4e21 720 4eQ
2745 90«2 12539 54455 7620 he
30+0 T 9B 2770 B4e99 T 9600 B
3245 10646 12+980 5536 84¢0 4eb
3540 1148 13200 5576 88e¢0 be8
3745 12340 134430 5617 5240 50
4040 131.2 13640 5655 8440 beb
4245 1394 13850 5693 840 beb
%5%0 T1G7e6 T 149070 57¢33 BR80T T T4eg
4745 15548 14260 5767 7640 be2
S0¢0 1640 14470 5805 840 keb
Y- T 172<2 14640 58+35 68+0 3%7
55¢0 1804 14710 S8e48 28«0 1.5
5745 18846 150160 5929 18090 9.9
6070 —196%8 15410 5974 100+0 55
625 2050 156590 6017 960 5e¢3
65+0 2132 15890 60060 9640 53
&7+5 221+vh 16120 6102 3240 50
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LBCATIBN: MALHEUR LAKE, BREGBN
275/32E=2338B

HOGETNUMBERY V=2
hTE‘HEASUREor 77z7175&

oEPTH DEPTH — “TEMPERATURE GEOTHERMAL GRADTENT—

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
arxeQirsi . L6ebi 0010 R TR . 0 (o
B 03 0 TN el i O 97.8*09& a_.5337& Fa 3980 - 218
15+0 392 127097 53+75 ] °a
2040 6546 12100 5378 2+0 o]
250 82.0 12360 54425 32+0 243
3070 98%% 124507 SNl 18+0 v
350 _ 1148 12670 5481 G400 e \
2= EY) 157 +0 1423%]10J < *0J JTeyY » ¥
500 1640 13449 5619 3640 3.1
5540 180e4 13759 3675 520 3ek
500 1796+8 IF+1I10 S/ %0 720
650 2132 s T Lk 108 5781 460
7900 22?*& 14660 5839 640
759 256+0 #9857 S8+80 560
800 262l 15100 539+18 420
2540 2788 15349 3961 480
90¥0 : 2952 I5¥67Q 50+ 56%0
ISieQ 5 e e 31146 15+880: 6038 b2eQ:
100+«Q 328.0 16240 6123 72+0i
1059 IFG Y 16600 5188 7270
11040 3608 16940 6249 58+0
1150 3772 17273 6309 560
1200 393+6 17%660 5379 780
1250 %100 18070 6453 82+0:
1300 42604 18479 6525 80«0
[*] LAY}
14000 4332 19233 6661 740
1ILBCATION: DIAMAOND LEG» BREGEN
27S/33E=33(CB
HBLE NUMBER:!: BR=75=2
DATE MEASURED® 11/22/75
DERTH DEPTH TEMPERATURE GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
25 8.2 12570 5463 *0 *0
5.0 164 12760 5437 7640 be2
/2 24 b 11810 5325 =3300 N
10+0 328 11360 5245 =180+0 33
1§-5 410 11350 52+43 =4e0 =e2
15+0 492 11350 2c*43 [)e] 0]
1745 574 11312 52436 =1640 =3
200 656 11332 5239 8+0 *h
2C o 738 11250 52«32 =160 -ed
2540 820 11280 5230 =4eQ =e2
275 90«2 112590 5232 400 : o2
300 I8 11280 32+30 =40 =ec
305 100+0 112990 52432 2000 1e1
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LOCATION: WAGBNTIRE LEG» OREGBN
28S/24E=4BA

HBLE NUMBER: BR=75=15%

DATE MEASURED! 9/3Q/75

DEPTH “DEPTH = TEMPERATURE. GEGTHERMAL. GRADIENT
METERS. 2 REER DEG C DEG F DEG C/KM: DEG F/100 FT
5.0 164 10145 5026 0 °Q
745 24e6 9340 4881 =322+0 177
10+0 328 T340 5881 0 *0
12.5 410 95290 49e1 4 72+0 4eQ
1540 49e2 9655 49438 540 3.0
17+5 57¢% Fe 7860 4Je57 320 ce3
2040 656 9890 49480 320 23
2245 738 10040 5007 5000 33
25+0 820 1G+200 50«36 64¢0 Je3
275 90«2 .10+255 5046 22+0 1.2
300 .. : .98l - 10369 30+66 44 Q 2ok

LBCATIBN: CBYBTE BUTTES, BREGEN
28S/30E~13DA

HOLE NUMBERY HP~1Z
DATE MEASUREDS 7/22/75

DEPTH — DEPTH™ TEMPERATY £ RMAL .

METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
2060 . 656 13040 5547 0 Wt o

[ @000t el e - 13e88] 5621 __. &0 uches 2ot

LICATIGN: DIAMIND _EG, GREGON
28S/32E=-36CC

HBLE NUMBER:! BR=75-3

DATE MEASURED! 8/12/75

DERTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/1Q0 FT
200 656 129992 55438 .0 LX)
2245 73.8 13050 5549 2490 13
250 B2+0 13120 5562 2840 15
275 902 13202 5576 32+0 1.8
30e. 38k 13300 55494 400 2e2
32+5 1066 13430 5617 52+0 23
3540 1148 133572 5643 5690 3l
37.5 12340 13+68) 56462 4400 2eh
50«0 1312 13700 56466 840 s
4205 1394 13700 5666 0 «Q
4540 1476 13700 56466 °0 +0Q
4 7+5 1558 13710 — 5668 40 Y-
50+0 1640 13710 5668 ] ]
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LBCATIBN: DIAMBND LEG,» BREGHN

29S/32E=34DC

HELE NUMBER: BR=75=4
DATE MEASURED! 9/16/75

DERTH - DEPTH TEMPERATURE GEOTHERMAL GRADIENT
METERS ‘FEET DEG C DEG F DEG C/KM DEG F/100 FT
245 8.2 15960 60973 °0 «Q
5.0 164 13+299 5592 ~1068+0 *5846
7%5 LT 12+120 53+8¢2 ~458+0 wZow/
10«0 328 12100 5378 =80 ~ekh
1245 410 12320 54418 £8¢0 4e8
19+0 4T 12509 S5&¢50 /20 EXNe)
1745 574 12680 5482 72+0 400
2040 656 12910 5524 T20 5¢0
Zevs 73+8& I3+120 SETYA 150 Geb
250 820 13+360 56+05 6«0 503
2745 90e2 13630 5653 1080 3o
300 FE 54 135270 2/06 1160 Sl
3245 10646 14220 5760 1200 56
3540 11448 14540 5817 12840 790
37+5 123+0 T%+860 5872 1=8+0 7+0
400 1312 15200 59+36 1360 75
4245 139+4 15550 59399 14090 77
55«0 1437+6 15330 5067 132°+0 303
47«3 155+8 16360 6145 172+0 e
5040 16440 16790 62+22 172+0 ey
S2+0 L/0J+0 17130 E2e¢83 1700 Fe3

LBCATIAGN: DIAMAND LES, BREGON

30s/31E-233C
HBLE NUMBER: 3R=75=5
DATE MEASURED: 9/16/75
DEPTH DEPTH TEMPERATURE GEBTHERMAL. GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
25 8«2 14700 5846 0 *Q
5.0 164 118990 53+40 11240 ~61e7
/*2 c4e0 11730 5311 =640 =32
1040 328 12+100 5378 14890 8el
125 410 12400 5432 1200 6e6
15+0 592 12440 5439 160 v3J
1745 57«4 12532 5455 360 20
200 6546 12730 54431 300 bel
225 73+8 12800 5504 280 I+3
250 820 12830 55«09 120 o7
275 90e2 13060 3531 920 50
30«0 98+ 4 13197 55754 320 2e3
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LBCATIBN: DIAMBND LEGs» BREGBN

325/32E=16BA

HBLE NUMBER: BR=756
DATE MEASURED:! 9/16/75

DEPTH DEPTH TEMPERATURE - GEBTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT
25 8¢2 13890 5700 00 0
§o0 164 10600 5108 ©1316+0 o722
75 T 2%eB 10520 5098 T Te3200 TeleBT
10+0 328 10720 5130 80¢0 beb
1§-5 410 10820 51048 400 2e2
15+0 T %92  I0e830 5149 T I SRR
1745 57k 10850 5153 80 4
2040 6506 100890 5160 1690 ¥
gevs T 7398 T 109930 5167 16«0 - A
2540 82¢0 100970 5175 1600 o9
275 90e2 11020 5184 2000 1e}
30+0 988 17+080 5191 160 ) -
3245 10646 110100 5198 16+0 3
3540 1148 110140 52405 160 9
375 123+0 11190 ee1b T 2000 1e1 )
400 1312 11230 5221 160 9
4245 139¢4 11270 5229 1600 "9
590 1476 11°310 52+36 160 A
4745 15548 11360 52¢45 2090 10}
5040 16440 11400 52¢52 1600 °9
52¢5 172:2 119850 52461 200 el
58490 - 180+4 110490 52¢68 1600 02
§7+5 188¢6 11540 5277 2000 1}
800 196+8 11590 5288 200 1e]
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APPENDIX B

GEOTHERIAL GRADIFHT GRAPHS
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