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INTRODUCTION

The study area is located at the southern end of a large, quasi-circular
topographic low in central eastern Oregon known as the Harney Basin (Figure 1).
Limits of the study area were arbitrarily determined according to the bounda-
ries of available U.S. Geplogical Survey (USGS}) topographic maps as 43°00" on the
south, 43°30' on the north, 11830 on the east, and 119°30' on the west. This
study, performed under U.S. Department of Energy Contract No. DE FCO7-79ET27220,
was undertaken to estimate the geothermal potential of the area, using various.
methods including compilation of existing data, reconnaissance geologic map-
ping, lineament analysis, well and spring geochemistry, and accrual of geo-

thermal-gradient data.

Geographically, the study area is comprised of a roughly circular, rela-

2 (8,100 miz).

tively flat,closed drainage basin that covers an area of 21,000 km
Included within the basin are volcanic mounds surrounded by mountainous high-
lands. Drainage within the basin is into several closed desert lakes, includ-
ing Malheur, Harney, and Mud Lakes, through Silvies River from the north,
Donner und Blitzen River from the south, Warm Springs Creek from the west, and
Malheur Slough from the east. Total relief within the basin is less than 9 m
(30 ft), total relief in the highlands more than 500 m (1,600 ft}. The only
population centers are the small farming communities of Crane, Princeton Post
Office, and Diamond, all in the eastérn portion of the study area. The remain-

der of the southern basin is comprised of swampy bird habitats, cattle ranches,

and range land.
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Figure 1: Map showing Tocation of study area.




GEOLOGY

Introduction

The geologic study of the area (Plates I-IV) consisted of (1} a field
check and minor revisions of a study of the western half of the area by
Parker (1974), and {2) an original reconnaissance study of the eastern half
of the area during the fall of 1979 and spring of 1980. Quadrangles mapped
in reconnaissance include the Crane and Lawen 15-minute quadrangles and the
Jackass Butte, Jackass Butte N.E., Diamond Swamp, Diamond, Adobe Flat, Barton
l.ake, and Coyote Buttes 7%-minute quadrangles. Lithologies were based on hand speci-
men identifications, timited K/Ar ages {Table 1), and available bulk chemistry |
(Table 2). Areal extents of various units and specific points were located
by using Brunton compass and pacing; data were plotted on USGS quadrangle maps

without the aid of aerial photos.

Volcanic stratigraphy

The geology of the southern Harney Basin is comprised of a framework of
two flat-lying, extensive, late Miocene ash-flow sheets onlapping a regional
unit of early Miocene flood basalts. The ash flows, in order of increasing
age, are the Rattlesnake and Devine Canyon Ash-flow Tuffs (Walker, 1979).
They are separated by discrete fluvial-lacustrine sedimentary units, flood
basalts and their vents, and silicic intrusions. Trace-element studies by
Parker and Armstrong (1972) indicate that the ash-flow tuffs, the silicic
intrusives, and the related mafic flows of the area form a bimodal composi-
tional assemblage. Though detailed relationships are unclear at this time,
at least one and possibly two calderas are present in the study area, one
located beneath Matheur and Harney Lakes being the source of the Ratf?esnake
ash-flow sheet (Blank, 1974; Walker, 1979). The oldest unit recognized in

the field is that of the early Miocene flood basalts fbund along the eastern



Table 1.
Sample no.* Location
PA-300 119804'18"
43%3 06"
PA-3118 119222'23"
43°0g' 03"
PA-146 119821’11“
43°13' 80"
PA-119 119813'30"
43%14119"
PA-250 119203'45“
43%21 27"
PA-316D 119308‘45“
43°17'02"
PA-243 119203'45"
43°04 56"
G-165-68 ]18834'48”
43°24+ 48"
PA-330 119222'23“
43%09' 03"
PA-3116 119322*23“
43°091 03"
W-2-70 1192]8'00”
439281 ag"
PA-6-70 119227*51"
44%467 54
PA-214 119218'00"
43730 18"
PA-160 1}9328'00“
43%76" 30"
PA-41 119206=34“
43°20" 24
PA-158 119212'00“
43°131 48"
*Raferences:

PA - from Parker and Armstrong, 1972

Rock type
Basalt

Welded tuff
Rhyolite
Rhyolite
High Al
nasalt
Rhyolite
Welded tuff
Basalt
Welded tuff
Welded tuff
Rhyodacite
Welded tuff
Rhyolite
Andesite
Alkali

basait

Rhyolite

Agex+

Yg

1972; W -~ from Walker and others, 1974; SH .

unpublished analyses. by University of Utah Re

and Duncan Foley, analysts.

Tt -
W-~ whole rock age; s - sanidine age; a - anorthoclase age;

.6+40.

8+1.4 my

.610.2 my
LA+1.3 my
L2403, 12 my
.9+0.9 my
.8i9~5 my
140,10 my
-9141.09 my

L7044 my

™o

my

.5+0.3 my
L140.2 my

.440.2 my
.6+0.4 nmy
L4102 my
,8+0.8 my

.8+0.2 my

140,24 my
L7004 my

Stratigraphic unit

Tmbh

Tmtd

Tmto

Tmtp

Tmbh

Tmro

Tmtr

Tmbd

Tmtr

Tmtr

Trp

Tmtr

Tmrp

Tmh1

Qtb

Qtr

Radiometric (K/Ar) ages of selected rocks of the southern Harney Basin

; G - from Greene and others,
from samples taken for this report

3

search Institute (UURI) Stan Evans

p - plagioclase age; ps - partial separation age,

b - biotite age;

-4 -



Table 1.
Continued

Radiometric {K/Ar) ages of selected rocks of the southern Harney Basin--

Sample no.* Location Rock type Age** Stratigraphic unit

PA-14 119800'23" High Al W2.6+0.3 my Qtb
43726'24"  basalt

G-32-67 119000'30"  Basalt "2.38+0.07 my Qtb
43%27' 00"

SH-4 118056'45"  Andesite P16.7+0.6 ny Trba
43%0p"

SH-12 118050'22"  Basalt "2.91+0.38 my Qtb (?)

. 43°15' 40"

SH-105 118030'55"  Rhyodacite ¥11.340.5 my Tmrd
431445

SH-106 118030'54"  Basalt P11.141.3 my Tmba
43%21'53"

SH-106A 118030'05"  Basalt P39.44+0.8 my Tmba
43%21 145"

SH-113 118753'06"  Basalt P38.07+0.69 my Tmbhy
43%8'13"

* References: PA - from Parker and Armstrong, 1972; G - from Greene and others,
1972, W - from Wailker and others, 1974; SH - from samples taken for this report,
unpublished analyses by University of Utah Research Institute (UURI) Stan
Evans and Duncan Foley, analysts.

**yw - whole rock age; s - sanidine age; a - anorthoclase age;
p - plagioclase age; ps - partial separation age.

b - biotite age:



Table 2. Bulk chemical composition of selected rocks of the southern
Harney Basin. {Letters at top of each column indicate sampie number and.
map symbol for stratigraphic unit. A1l values are in weight percent.)

Compo- *P-159 P-194 P-14 P-40 P-58 P-181
nent QTb QTmv QTb QTmy QTb QTb
5102 48.5 48.6 48.7 48,7 . 48.9 | 49.1
T102 3.51 0.87 1.43 1.97 1.47 1.60
A1203 12.6 16.9 17.4 16.3 14.0 15.4
FeO (Total Fe) 13.4 9.0 10.2 9.7 10.8 9.4
Mg0 6.2 9.1 8.4 8.9 11.0 7.5
Cal 9.7 12.4 11.2 | 12.0 10.3 - 10.9
NaZU 3.8 2.6 2.8 2.4 2.3 3.2
KZO 1.15 0,29 0.29 0.26 0.38 0.32

Total 98.26 99.47 100.42 - 99.97 99.15 97.10
P-212 P-300 P-73-4 P-52 P-4 P-250

QTb Tmbh Tmbh QTb GTb Tmbh

SiO2 49.5 49.5 49.5 50.0 50.1 50.2
T102 1.45 1.72 1.93 1.36 1.70 1.38

A]203 14.8 15.4 15.5 15.6 15.0 17.1

FeQ {Total Fe) 11.0 12.0 12.0 10.3 11.0 10.4

Mal 7.9 8.2 6.5 10.0 7.1 8.2

Ca0 10.9 10.5 11.0 10.2 10.6 11.2
NaEO 3.5 3.1 3.4 2.8 3.0 2.7
KEO 0.32 0.42 $.32 0.34 0.80 0.35
Total 899.05 100.84 100.15  100.60 98.50 101.53

P-184 P-199 P-193 P-44 P-206  P-185

(QTh QTmy QTmv THY QTmy D)

5102 56.2 50.4 50.8 51.0 51.2 51.7
TiOé 3.27 1.52 1.14 0.83 1.17 2.82

ﬂ]203 13.1 14.7 14,9 15.6 14.4 13.6
Fe0 {Total Fe)  13.7 11.0 10.5 9.2 9.8 12.6
Mg0 5.5 8.0 7.9 8.5 8.2 5.8

Ca0 9.0 11.5 12.3 12.5 11.8 8.5
NaZO 3.9 3.4 3.1 3.0 3.0 3.8
K20 1.04 0.35 0.21 0.19 0.53 1.28

Total 99.71 100.87  100.64 100,63 100.13 99.50
*References: P - from Parker, 1974; G - from Greene, 1973.
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Table 2. Bulk chemical composition of selected rocks .of the southern Harney
Basin--Continued. {Letters at top of each column indicate sample number and
map symbol for stratigraphic unit. All values are in weight percent.)

Compo- *p-278 P-160 P-197 P-245D
nent Tmbh Tmbi QTmv Tmtd
8102 52.6 57.6 63.7 71.3
TiO2 1.07 1.25 0.75 0.35
A1203 15.5 4.7 12.2 13.4
FeO (Total Fe) 10.0 8.6 6.0 4.5
Mqg0 6.8 4.2 4.1 0.41
Cal 10.6 7.0 10.2 1.9
NaZO 3.2 4.2 1.9 3.85
KZO 0.82 2.0 1.9 6.0
Total 100.59 99.55 100.75 101.71
Compo~ P-146 P-119 P-215
nent Tmro Tmtp Tmrp
5102 73.2 73.8 73.9
“ﬁ'O2 (.47 0.13 0.28
A1203 13.5 11.7- 13.6
FeO (Total Fe) 2.65 3.0 1.7
Mg0 ' 0.6 0.15 0.5
Cal 1.41 1.2 1.90
NaZO 3.9 4.45 3.4
K20 4,71 4.5 4.58
Total [00.12 97.93 99.76
Compo- pP-245L P-214 P-290
nent Tmtr Tmrp Tmtr
5102 75.0 76.0 76.4
TiO2 0.20 0.08 0.13
A]203 11.8 12.9 11.7
Fe0 (Total Fe) 2.7 0.75 2.7
Mg0 0.15 0. 0.7
Cad 0.6 1. 0.35
NaZO 3.12 3. 4.4
K20 6.3 4.88 4.28
Total 99.87 100. 01 100.66

*References: P - from Parker, 1974; G - from Greene, 1973,
-7 -



portion of the mapped area. Dates in adjacent areas indicate ages of 12.1

to 20.2 m.y.; a date taken for this report from Jackass Butte in the south-
central portion of the map yieided aﬁ age of 16.7 m.y. The youngest rocks

are the basalts associated with the Holocene Diamond Craters vent area for
which there is a reported date of 15,000+2,000 years, as determined by hydra-
tion rind method (Norm Peterson, 1980, personal communication). These youngest
rocks directly overlie a second set of young flood basalts which issued from
vents mapped immediately south of Ma?heur Lake along what is probably a ring
fracture zone of the caldera mentioned above. A third group of young lavas

are the extensive flood basalts which issued from the Dog Mountain-Freeman
Butte area. They have been eroded to form reverse topographic features such

as Wrights Point and were dated by Parker (1974) at 2.6 to 2.8 m.y. The
extensive age determinations available for this study (Table 1) indicate &
strong relationship between age of basaltic eruption, age of silicic event,
and, in two cases, age of ash-flow eruption. These age/modal relationships

are shown in the time-rock charts on the accompanying geclogic maps (Plates
I-1v). There are still, however, numerous small phreatic and subaqueous vents
which do not have lavas that can be dated and wﬁose absclute age relationships,

therefore, are unclear and which may, in some cases, be of very young age.

Structural geology

Faulting in the southern Harney Basin follows two general trends. The
first is the Basin-Range trend (approximately north-south) which occurs in
only a timited area immediately north of Crane in the extreme northwest corner
of the map. The age of this normal faulting is not clear. However, it does

cut the youngest unit present (6.1 m.y.).

The second trend is the Brothers fault zone trend {N.250—350w.), which

dominates the remainder of the map and cuts all bedrock units present,

-8 -



including the 15,000-year-old Diamond Craters. All motion in this trend
appears to be dip-slip. However, the presence of lateral-slip or obligue-
s1ip faulting cannot be ruled out. Several authors (MclLeod and others, 1975)
feel the Brothers fault zone may be, in fact, the surface expression of a

right-lateral wrench system at depth.

The intersection of the two fault trends is in the southeast corner of
the map (Plate IV), in the Riddle Mountain-Diamond Craters area (a_pdrtion of
which remains unmapped). This area is a fault-shattered zone which
shows considerable coxcomb-like faulting on small spacing with short-period
monoclinal folding and rotating of the discrete blocks between individual faults.
Two adjacént structural domes also occur in this area, connected from:dome.crest
to dome crest by a horst-like fault ridge and separated by one, and possibly
two, small structural basins. At the leading edge of this zone is the Diamond
Craters vent area, which, in itself, is cut by several faults of the Brothers
trend. Structural interpretation of this complex area is difficult. It seems
that the structures are controlled by a local compressional regime and that
Diamond Craters is, in some way, closely related to the intense faulting ahd

folding.

Fb1ding in the southern Harney Basin, with the exception of that prev1-
ously described, is generally in the form of broad, shallowly dipping anti—
clines and synclines plunging toward the center of the basin. One such fold
in the Crane area plunges west toward the basin., Here, the older ash-flow
units and basalts have been down-folded and infilled with 6.7-m.y.-old basalts.
This age is slightly younger than the 6.5-m.y. age of the Rattlesnake Ash-flow
Tuffs (Walker, 1979), and the down-folding may have been in response to cal-

dera formation and subsequent volume 10ss.



A lineament study (Plate V) prepared for this report shows a general one-
to-one correspondence of structural trends with the mapped fault trends. It
also shows. a nﬁmber of lineaments which cross the alluvial-filled basin but

which could not be traced through geologic mapping.

Individual biocks within the fault zones, in general, dip back toward the
center of the basin. However, during the mapping project, a number of blocks
that dipped away from the basin were found. The basin itself has been formad
by downwarping which began during middle to late Miocene (Walker, 1979). The
process was caused by loss of material through volcanic eruption of the exten-
sive ash-flow sheets and numerous flood basalts and, to a lesser extent, by
the.]oss of material velume due to loss of stored heat (Blackwell, 1980, per-

sonal communication).

- 10 -



GEOPHYSICS

The only available geophysical survey for the southern Harney Basin is
an aeromagnetic survey flown in 1972 by the USGS (Plate VI). Because of the
dramatic contrast between the relative magnetic susceptibilities of mafic and
silicic Tavas, a good correlation between structure and rock type and magnetic
trends is clearly apparent. 0On the eéstern portion of the map and correlative
to the mapped Basin-Range fault trend discussed earlier in this report,a strong
north-south wmagnetic trend occurs. Anomalies, both maxima and minima,
elongated in a north-south direction along this trend probably indicate the
numerous juxtaposed fault blocks which were found during this study. The
central portfon of the aeromagnetic map is dominated by intensive maxima over
Diamond Craters and Coyote Buttes and a Targe oval minimum over Malheur Lake.
The maxima are probably due in part to localization of mafic vent material
at or near the surface at Diamond Craters and Coyote Buttes. Surface mapping
also indicates a number of small, isolated phreatic cones and vents and extensive
silification which may indicate a mafic intrusive buried beneath the ridge at
Coyote Buttes. The oval minimum seen between the two maxima is in all Tikelihood
the site of the caldera for the Rattlesnake Ash-flow Tuff (Blank, 1974}, which
erupted approximately 6.5 m.y. ago (Walker, 1979). This minimum is cut by a
northwesterly trending ridge of magnetic maxima which may be a zone of post-
Rattlesnake faulting. The remaiﬁder of the map is dominated by the Brothers
fault zone trend with isolated maxima and minima centered over mapped silicic

and mafic volcanic vents.

Detajled interpretation of structures and geothermal systems cannot be
made on the basis of a single aeromagnetic survey. Proposals for future geo- f

physical studies are included in the Conclusions. and Recommendations of this

report.

- 11 -



WATER CHEMISTRY

During the period of this study, 22 wells and springs were sampied and
their waters analyzed. Together with existing published analyses {U.S.
Geological Survey and Oregon DNepartment of Geology and Mineral Industries,
1979; Leonavd, 1970}, a total of 28 analyses were availahle for evaiuation
(Table 3). These anaTyses were then used to calculate minimum reservoir
temperatures (TabTe 4), using standard formulae for geotherwometry. The
methods used in these analyses, together with references, are included in
this report as Appendix A. Published reports on the hydrology of the Harney
Basin (Piper and others, 1939;‘Leonard, 1970) show a considerable number of
thermal anomalies. However, many of these wells and springs either could not
be located, were not flowing at the time of the study. or were inaccessible

because of weather conditions or the owners' refusal to allow sampling.

Sampling temperatures during field collection ranged from ?60C and
67°C for Crane Hot Springs and Harney lLake Hot Springs, respectively. down
o 15°-20°¢ for wells and springs bordering Harney bLake. The natural water
of the study area can best be described as generally high in magnesium, cal-
cium, and boron, and low in chloride and bicarbonate. On the basis of prelim-
inary evaluation of the available data, two, and possibly three, groups cof
waters are recognized. The first are from the we]?s.and springs near the
town of Crane and the surrcunding area and appear to have moderate total dis-
solved solids (184-564 mg/1)}, high Ca:Mg ratios for the cooler waters (4.71-13),
consistently moderate silica throughout the sampling temperature range (56.2-
93.2 mg/1} and consistently high amounts of calcium for the cooler waters
(13-28.6 mg/1). Calculated minimum reservoiv temperatures for these waters
(Table 4) are also consistently in the 900f12006 range. Geologic control for

these waters is difficult to define in relation to the ra2connaissance study

- 12 -



AN

Unnamed

Spring

27S/29%E/
35Cbb
10/80
14.5
7.85

2510

nt

205

1580

39

500
18
34
19
604
<0.680"

oie]

.19

<0.027
<0,680
nt

nt
9?7

nt

Table 3. Spring and well chemistry of the southern Harney Basin area.
measurements are in mg/1, except for pH or as indicated. nt = not tested;
tr = trace.
Dunn Ranch  Dunn Ranch Soldier Water Taﬁk_

Well #1 Well #2 Spring Spring
Location 26S/30E/ 26S/30E/ 275/29 E/ 27S/30E/
‘ 33Ddd 33bdd 14 Ccb 8Add
Date sampled 5/80 5/80 10/80 10/80
Temp. (° €) 26 19 19.5 20.6
pH : 9.7 9.0 8.03 8.7
Conductance 1095 1038 610 1350
pmhos/cm
Alkalinity 457C 416C nt nt
Xh as mg/1 HCO3
Xc as mg/1 CaCO3
Hardness <1 4 <15 <15
as mg/1 CaCO3
Total dissolved 747 695 452 788
solids
3102 120 29.4 30 33
Na 238 250 80 288
K 1.5 1.2 <2.72 <2.72.
Ca <(.01 0.9 1 Vi
Mg <0.01 3 <0.544 <0.544
Cl 69.3 22.8 36 122
As 0.086 0.036 <0.600 <0.680
B 2.76 3.85 0.8 4.3
Li <0.1 0.2 <0.054 0.17
F 9.0 10.3 2.1 8.0
Fe (total) <0.05 0.10 <0.027 <0.027
AT <0.10 : 0.10 <0.680 <0.680
HCO3 nt nt nt nt
PO, 0.030 0.015 nt nt
504 25.6 47 .0 20 28
N03 <0.02 <0.02 nt nt
NH3 2.34 0.96 0.4 0.3

- 13 -
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Table 3. Spring and well chemistry of the southern Harney Basin area--Continued .
A1l measurements are in mg/1, except for pH or as indicated. nt = not tested;
tr = trace.

Soldier Sage Hen Crane Crane Crane
Well Creek Well Spring Spring Spring
Location 27S/29%E/ 245/30E/ 24S/33E/ 245/ 33E/ 245/33E/
15Bdd 24Bcb 34Caa 34Caa 34Caa
Date sampled 10/80 5/80 8/31 9/68 '72
Temp. (° C) 19.5 23 49 80 78
pH 7.99 7.9 nt 8.3 8.1
Conductance 270 151 nt 814 810
umhos/cm -
Alkalinity nt 67C nt nt EOZC
i o Eéfl a0
C 3
Hardness 70 18 nt nt nt
as mg/1 Ca003
Total dissolved 236 125 nt 536 nt
solids
510, 51 41 nt 80 83
Na h? 25.6 nt 170 170
K 7 1.6 nt 3.9
Ca 13 6.4 2 3.8 3.7
Mg 4 0.5 nt 0.2 0.1
C1 26 3.6 82 78 79
As <0.680 0.030 nt _ nt 0.09
B 0.6 <0.20 nt 6.2 7.9
Li <0.054 <0.1 nt nt 0.09
F 0.5 0.5 nt 9.3 §.0
Fe‘(tota1) <0.077 <(.05 nt 0.02 (.02
Al <Q.680 <0.10 nt nt 0.022
HCO3 nt nt 173 199 207
PO, nt 0.033 nt nt 0.09
SO4 15 11.8 80 : 81 86
NO5 nt <0.02 1.4 nt nt
NH3 tr G.03 nt nt 3.2

- 14 -



Table 3.

A1l measurements are in mg/1, except fo

tr = trace.

Location

Date sampled
Temp. (O )
pH

Conductance
umhos/cm

Alkalinity
it o
C 3
Hardness

as mg/1 CaCO3
Total dissoived
solids

5102
‘Na

K

Ca

Mg

C1

As

B

Li

F

Fe (total)

Al

HCO3

PO4

504

NO3

NH3

Spring and well chemistry of the southern Harney Basin area--Continued .
r pH or as indicated. nt = not tested;
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Crane Island Ranch Unnamed Long Hollow Barnyard
Spring Well Spring Well Spring
245/33E/ 25S/32E/ 265/29E/ 265/ 34K/ 275/29E/
34Caa 7Bab 31Cca 8Bdd 6Aaa
5/80 8/69 5/80 5/80 5/80

76 4] 21 25 27
8.2 9.3 8.0. 7.8 8.1
750 1450 275 366 285
"I69C nt TOSC 105C 112C
8 nt 60 115 35
564 957 233 282 237
93.2 h4 30.2 75.8 62.4
160 386 38 28.8 52
3.5 4 5.5 5.6 4.3
3.6 0 12.2 28.6 8.0
0.1 0. 5.5 4.5 2.7
a8 9 23.5 35.5 23.5
0.145% nt 0.023 0.016 0.035
8.67 nt 0.65 0.70 ).64
. nt <0.1 <0.1 <0.1
0 19 0.3 .3 0.6
<(.05 nt <{).05 0.20 <(0.05
0.10 nt <0.10 0.38 <0.10
nt 674 nt nt nt
0.050 nt 0.032 0.084 0.034
78 8 11.8 28.2 11.3
0.05 0.1 0.72 0.02 0.67
0.73 nt 0.06 2 0.05



Table 3. Spring and well chemistry of the southern Harney Basin area--Continued .
A1l measurements are in mg/1, except for pH or as indicated. nt = not tested;
tr = trace.

Warm Spring Unnamed Railroad Harney Lake Harney lLake

in Harney Lake Spring Well Hot Spring  Hot Spring

Location 275/29% E/  27S/29%/  25S/34E/ 27S/29%E/  27S/29%E/

36Cab 34Da 7Ddd 360da 36Dda
Date sampled 5/80 5/80 5/80 8/31 72
Temp. (° €) 22 21 17 59 68
pH 8.7 7.9 8.2 nt 7.26
Conductance 9280 297 238 nt 2970
umhos/cm
Alkalinity 2000 103 91 nt nt
A ° C
¢ 3
Hardness 23 ' 58 27 nt nt
as my/i CaC03 |
Total dissolved 10615 251 184 nt nt
splids _
510, 89.6 63.6 56.2 92 92
Na 2220 36.8 39.6 622 630
K 68 6.4 2.5 12 13
Ca 1.5 13.1 8.7 13 12
Mg 3.3 5.5 1.1 3 1.8
C1 2400 25.0 7.4 562 550
As 1.745 0.025 0.033 nt 0.6
B 53.4 0.61 0.55 nt 11
Li 1.0 <0.1 <0.7 nt 0.45
F | 8.9 0.4 0.5 nt 3.3
Fe (total) 70.0 <0.05 <0.05 0.03 0.05
Al 125 <0.10 <0.10 nt - 0.005
HCO3 nt nt nt 601 566
PO, 1.190 - 0.032 0.027 nt 0.092
50, . 474 12.9 18.4 140 140
NO, 0.03 0.75 0.03 0.5 nt
NH, 1.46 0.04 0.04 = nt 1.8

.._]_6..



Table 3.

A1T measurements are in mg/1, except for pH or as indicated.

tr = trace.

Location

Date sampled
Temp. (OC)
pH

Conductance
umhos/cm

ATkalinity
Xh as mg/1 HCO

XC as mg/1 CaCO3

3
Hardness :

as mg/1 CaCO3
Total dissolved
solids

8102

Na

K

Ca

Mg

€1

As

B

Li

F

Fe (total)

Al

HCO3

PO

4
SO4

NO

3

NH3

Spring and well chemistry of the southern Harney Basin area--Continued .

nt = not tested;

Harney Lake 00 Station Adobe Flat Thompson Harney Lake
Hot Spring Spring Well Well Spit:Spring
275/29%E/ - 26S/28E/ 27S/34E/ 26S/33E/ 275/29%E/
36Dda 36Bdd 17Cbd 13Acc 34Dbb
5/80 h/80 5/80 5/80 10/80
67 23 17 24 14.5
7.7 8.0 8.1 7.8 8.5
2700 228 312 442 1090
493C 85C 120 122 nt
A3 44 99 82 30
1777 186 237 341 654
102 68 80.8 83.2 45
53 312 25.4 63 208
12 4.1 5.7 8.1 9
12.8 10.8 26.4 19.9 4
2.1 3.9 3.1 4.9 ?
623 17.6 11.4 55.8 163
0.915 0.019 0.014 0.024 <0.680
12.07 ¢.45 0.27 1.24 2.7
0.4 <0.1 <0.1 <0.1 0.11
3.0 0.2 0.4 0.3 1.5
0.56 <0.05 <0.05 <0.05 <0.027
0.62 <0.10 g.10 <0.10 <0.680
nt nt nt nt nt.
0.294 0.031 0.029 0.013 nt
119.3 6.7 19.9 45 58
0.02 0.50 0.51 0.92 nt
1.01 .05 0.06 0.04 1.1
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Table 3, Spring and well chemistry of the southern Harney Basin area--Continued .
A1l measurements are in mg/i, except for pH or as indicated. nt = not tested;
tr = trace. : ‘

Eagles Nest Eagles Nest Bathtub
Spring #1 Spring #2 Spring
Location 275/ 294/ _ 275/29%E/ 278/ 295K/
25Aad 25Ada 28Cac
Date sampled 10/80 10/80 10/80
Temp (°C) 4.7 28.1 51.1
pH 7.12 5.18 6.87
Conductance 4750 ‘ 1150 3900
umhos/cm
Atkalinity nt nt _ nt
Xh as mg/} HCO3
XC as mg/1 CaCO3
Hardness 154 <15 170
as mg/1 CaCO3
Total dissolved 3110 632 2046
solids
S"EO2 55 35 87
Na 1207 240 682
K 14 <2.72 32
Ca 30 i 37
Mg 15 <0.544 13
Cl 466 68 848
As 1.0 <0.680 1.0
B 17.1 3.1 13.2
Li 0.69 0.07 0.87
F 2.1 7.2 1.8
Fe (total) <0.027 <0.027 0.14
Al _ <(.680 <0.680 <0.680
HCO, nt nt nt
P04. nt nt nt
50, 320 23 50
NO3 nt nt nt
NH, 5.6 1.5 1.5
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Table 4. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the southern Harney Basin

Dunn Ranch Dunn Ranch Soldier Water Tank Unnamed Soldier
Well #1 Well #2 Spring Spring Spring Well

Flow rate 100+ 10 <] 20 5 - 40
Titers/min.

Measured - 26 19 19.5 - 20.6 14.5 19.5
temperature
¢
Na:K 38 28 109 52 112 197
0

C
Na:K:Ca 78 60 139 100 143 179
1/3 &

¢

Na:K:Ca 75 34 124 122 130 89
4/3 g

°c

Na::Ca NC NG 64 NC 113 59
Mg corrected :

°c

510, 148 79 79 83 91 127
conductive

o]

C

510, 141 82 93 86 93 124

adiabatic

¢

5102 122 47 48 52 60 - 99
chalcedony
°

5102 ' 26 ‘ -34 -33 -30 -23 -13
opal
°c

*Methodology for calculations presented in Appendix A.  NC = not calculated.
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Table 4. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the southern Harney Basin -- Continued

Sage Hen Crane . Crane C(Crane Island Fagle's Nest
Creek Well Spring Spring Spring Ranch Well Spring:#1

F10w rate 50 100+ 100+ 100+ 40 40
1iters/min. ‘ :

Measured 23 80 78 76 41 41.7
tempErature
e
Na: K 144 86 30 87 59 60
0,

C
Na:K:Ca 136 120 - 124 121 120 100
1/3 8

¢
Na:K:Ca 51 109 113 109 196 99
4/3 B

¢

Ma:K:Ca 124 NC NC NC 115 40
Mg corrected

¢
'8102 93 125 127 133 105 106
conductive
0

‘Sfoz 95 123 124 129 106 108
adiabatic

$10, B2 97 99 106 76 77
chalcedony

8102 -21 | 6 8 13 ~11 =10
‘opal

.?OC

*Methodotogy for -calculations presented in Appendix A. NC = not calculated,
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Table 4. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the southern Harney Basin -- Continued

Eagle's Nest Bathtub Unnamed Long Hollow Barnyard Warm Spring
Spring #2 Spring  Spring Well Spring in Harney Lake

Flow rate 5 50 <] pumped 100+ <1
liters/min. :

Measured 28.1 51.1 21 25 22 22
temperature

%

Na:K 59 127 203 228 162 104
0

C

Na:K:Ca : 109 160 178 181 158 138
1/3 8
¢

Na:K:Ca 140 160 79 59 84 131
4/3.8

°c

Na:K:Ca 40 B0 43 56 53 108
Mg corrected
o

8102 86 130 125 122 112 131
conductive
°c
SiO2 89 126 123 120 112 128
adiabatic

°

3102 55 102 97 94 83 104
chalcedony

%
510, -27 0 6 4 5 11
opal
C

*Methodoiogy for calculations presented in Appendix A. NC = not calculated.
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Table 4. Geothermetric calculations* of minimum reservoir temperatures for selected
thermal waters of the southern Harney Basin -- Continued

Unnamed Railroad Harney Lake Harney Lake Harney Lake 00 Station
Spring Well Hot Spring Hot Spring Hot Spring Spring

Flow rate 100 pumped 100+ 100+ 100+ 100+
liters/min.

Measured 21 17 59 . 68 67 23
gemperature‘ '

C

ga:K 218 145 82 85 244 196
¢

Na:K:Ca 190 207 100 143 188 170
5/3 B

C

Na:K:Ca 97 336 52 220 58 70
4/3 B

¢

Na:K:Ca 38 136 82 105 113 50
%g corrected

C
Si02 113 107 133 133 138 137
canductive
0
C
8102 112 107 129 129 i34 115
adiabatic
0
C
5102 84 78 7 105 105 112 ‘ 88
chalcadony
0
C
5102 -4 ~9 13 13 18 -1

opal
e

*Methodology for calculations presented in Appendix A. NC = not calculated.
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Table 4. Geothermetric calculations® of minimum reservoir temperatures for
selected thermal waters of the southern Harney Basin -- Continued

Adobe Flat Well Thompson Well Harney Lake Spit Spring

Flow rate pumped pumped <h
Titers/min.

Measured ' 17 24 14.5
temperature
¢

Na:K 242 194 122
Op |

Na:K:Ca 268 176 119
1/3 8
%
Ma:K:Ca 317 87 37
4/3 B
¢
Na:¥:Ca 148 68 61
Mg corrected
°c
50, 126 127 97
conductive

o

Si02 123 124 98
adiabatic

0

C

51'02 98 99 67
chalcedony

o

S1'02 7 NC -18
opal
¢

*Methodology for calculations presented in Appendix A. NC = not calculated.
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however, preliminary examination seems to indicate the waters are controiled
by intersection of Basin-Range faulting and the Rattlesnake collapse caldera,
previously described in the section on geology. The difference in chemical
character of various Harney Basin waters is probably due to a difference in
chemical composition of rocks in the recha%gé zone and duration of subsurface

circulation.

The second group of waters is from the area surrounding Harney lLake in
the southwest corner of the study area. Thése waters are generally higher
in total dissoived solids (233-10,616 mg/1), lower in Ca:Mg ratios (0.45-6.1},
inconsistent in siiica concentrations through the sampling temperature range
(29.4-120 mg/1), Tower in calcium content (0.1-37 mg/1), and slightly inconsistent
in calcutated minimum reservoir temperatures. Geolegic control for these waters
is likewise difficult to define; however, preliminary indications seem to show
they are controlled by the intersection of the Rattiesnake collapse caldera
and the Brothers fauit zone structural trend. Differences in chemical con-
stituents are probably due to the relative abundance of sediments and silicic

vocks thyough which the water must circulate béfore it reaches the surface.

Detatled geochemical sampling of springs and wells throughout the scuthern
Harney Basin i; needed before a realistic thermal-regime model can be attempted.
This is apparent in a cursory examination of estimated reservoir temperatures
(Table 4), some 0% which are nearly 40006, which indicates that a Targe number
of springs and wells have either reacted strongly with wall rock or mixed with

meteoric or shallow evaporite-rich water while ascending.
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GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA*

The temperature-gradient and heat-flow results for the south Harney Basin
are as shown in Table 5. Included in the table are the township/range—séction
and Tatitude and Tongitude location of each hole. In addition, the hole name,
date of logging used, and collar elevation are included for each hole. The |
bottom hole temperature, maximum dépth, corrected temperature gradient, and,
where available, corrected heat flow are printed in blue on Plates I-IV. These
values are also Tisted in the table, as are the depth interval and average thermal
conductivity used for calculation of the gradient and heat flow. The values are
given in SI units. To transform units, the following conversion factors were used:

2

1 x 107% cal/em®sec (HFU) = 41.84 mam 2, 1 x 107° cal/cm sec®C (TCU) = 0.4184

wn™ KT, and 19C/Kkm = 1 mkm ]

= 18.29F/100 ft. Corrected gradient and corrécted
heat flow are values for which the topographic effects have been removed. These

are not significant for most of the sites studied.

The holes are ranked in terms of the quality of the gradient or heat-flow
information: high quality (A), good guality (B), marginal quality {C), data with
some problems (D), and data for which no useful temperature gradient or heat flow
can be estimated (X). A1l thermal-conductivity measurements were made on cutting

samples.

Most data in the south Harney area have been obtained in holes drilled as
water wells or mineral exploration holes, so the thermal-conductivity values are
estimated (parenthesis) or based on one or two cutting samples from surface spoil
piles. Several holes were drilled and the results published by the USGS (holes
S1, 52, §3, MR-1, and MR-2 in Sass ahd others, 1976). Holes prefixed BFZ-75 were
drilled by DOGAMI (BR-75 holes in Hull and others, 1976). The background gradient

and heat flow for the area are about 60—8006/km and 60-80 mwmhz. SeveraT anomalous

*By B. D. Blackwell, Southern Methodist University, Dallas, Texas.
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Table &,

Geothermal-gradient data, south Harney Basin, Oregon

Bottom Depth UNCOXY .« CorT. COTr. o
Twn,/Rng- N Lat. W Long Eole # Collar Temp ., Interval Avg. TIC # Gradient Gradient HF 2 Q
Section Deg.Min. Deg.Min. Date rlev, (ec) {m} W~ lxm T °o/km °C/km W HE
245,935 43-30 .82 118-39.80 53 1255 48.8 B8 8z, 9 B2.2 71 a8
9D 205.9 i.g@ i.@
245328~ 43-28.30 1159-43.90 $LOWEN 12585 25,91 T5.8 i .98 £8.9 £9.9 g9 B
230D 156,82 T
245,348~  43-28.2% 118-35.96 o2 1262 £2.0 .88 £9.5 52.5 &3 2]
1%C 183.6 .5 B
245/,33E~ 43-26.60 118-35.80 CROMNE 1257 26, 27 39.9 { .5&) B2.@ 86,9 s B
30AD rELSTS 85.@ 7.1
TE8/31E- 43-26.720 119~ 1.1@ BFZ2-7si1 1262 11.49 42.5 1.38 B 38.9 3a.9 42 C
4BB I1ESTE 8G.0 2.5
2ESAZ3E~ 43-25.90 118-38.80 BFZ-7L@1 1274 16,84 i9.9 1.89 2  188.3 188.3 188 B
3BD 1172275 28.6 18.9
255,336~ 43-25.23 1168-38. 39 /DoMs 1259 5. 22 @ b
1988 Es14-.80 37.9@
255/ 3IE-~ 42-25.2¢ 118~37.70 RDSSBERE 1257 18:78 .9 { . .96 63.8v Bg. 2= =4 -G
11BEB Br12.78 : £5.8 T & 8,8
285328~ 43-24.73 118-39.78 W5E-1 1258 17:82 @ { 59.9) { 59,83 D
ace 5/14-.0¢ 65.9
E55/ 3 9E- 43-24 .48 118-38B.52 L5B-3 1254 14.a1 19,8 45,3 C
18Ch 571480 5i1.B 5.9
258300 43-24, 45 115-39.722 ARFORD 3 1558 27,98 .9 { 84.8) { 84.9) b
SCD Eri4-B0 165.8
258-33E- 43-24.45 118—46.05 [ARFORD 2 1250 220,38 B (136.20 {13682 D
SC Es14.-80 51,9
255/ 338~ 4324, 40 118-37.18 WSB~4 1254 1i.62 1.8 9.2 =
110 5 BB 57.4 2.5
£55-33E- A3-824.32 11B-38.53 ARFORD ! 1258 18.83 5.2 o458 D
1&AB Zo14-80 iev.5
Z255-31E~ H43-22.09 115~ 2.89 51 1266 58,0 . B8 21.8 [1.8 Fi B



Twn/Rng~
Section
21h

265 30E~
3BB

255/ 34E~
3CcC

265/ 33E~
2CD
265/ 33E~

1ipC

265-33E~
13007

265/30E~
20DC

265-33E~
35CC

275, 30E—
13Ch

]

™

~]

i

275/ 32E-
2388

275298~
21AC

275 33E~
ZODE -

275/ 30E-
1SDC

275/ IBE~
21DDB

275, J0E~
27ACA

Table 5.

N Lat.

Deg.Min. Deg.Min.

43-21. 1@

43-29.25

43-29.22

43-19.25

43-18.52

43-17.79

43-15.78

43-13.18

43-13.12

43-13. 08

43-12.68

43-12.6@

43-12.53

43~-12.e5

Geothermal-gradient data, gﬁuth Harne% Ba51n, Oregon--Continued

W Long

119- 7.66

118-35.25

118-36.70

118-36.43

115-34.93

119~ 8.70

118-36.97

118-56. 0@

118-44.28

113-14.80

118-37.52

Hole =
Date

BFZ-751e
=T N =V

WINDYPT1
Br BraQ

HINDYPTZ
5 5.80

HIMDYPT3
57 B-80

N _TMPSON
5s @rBe

BFZ-7508
D237

DRJIS 1
Ls T2

HP-18
& B-73

VOL.TRGE
5/13-89

BFZ-7563
9,289,75

BECKLEY
Er13-52

115- 2.20 HP

118-59.72

118-5R8.71

@s @s71

HP-48
Tr25/73

HP—-1
PrEBs TS

Collar
Elev.

1273
1257
1253
1252
1257
1250
1254

1289

1335
140@
1285
125@

1289

1328

Botrom apth
Tenp. Interval
(°C) {m)

19@.@

13.39 7:5

39.@

11.28 12.0

0.9

19.46 9.9

58.9

15.53 5.9

45.9

22,31 18.0

52.0

12.26 12.8

5.8

i2.86 19,9

34.5

23.3e 25.8

60.9

B8, @

130.9

27 . 45 1ed.¢

192.2

13.418 12.5

45,8

11.62 1. @
68.5

22.50 46,8

8.9

29.89 16.@

35.@

35.0

112.8

- 21.62 19.@

65.9

Uncorr.
Gradient Gradient

Avg. TC #
1

Wm_lK TC °C/km
1.8
1.@e 8 4.6
7.2
1.4
86.4
4.2
85.2
3.9
169.8
37.@
1.83 & 63.7
1.8
12.5

1.
.56 136, 4
.13 2.5
1.30 6l.6
1.5
¢ .98 &67.8
.8
1.63 13 B4.2
1.1
3.8
¢ .96) 131.3
1.30 9 223.2
. @8 8.5
85 19 132.8
.04 i.@
.96 1608.9
1.8

.13 .

Corr.

°C/km
1.@

47,6

69,7

131.3

223.2

132.8

l62.8

Corr.
HF

mwm ™+

¢ 462

75

riLe

¢ 78

(=1

88

12e

¢ 289)

13

185



Twn/RBng-
Section

278 309K~
260CE

Z 75/ 20E~
368RC

275-33E~
33CB

275 30E~
36L0

ZE5, 305~
130A

285-32E~
36CC

™
el

296,305
B

298,31 E~
2B

289G Z2H--

3400

N Lat,

Deg.Min.

43~11.52
éﬂ—ilnﬁﬁ
43-18.98
43~19. 60
43~ 8.20

43—~ 5.3

43~ 5,38

43- 5.20

43—

Taklr~ &

W Long
Deg.Min.

118-57.84

118-35.68

118-57.09

118-56.32

118-43.19

118-49, 4@

118-53. 98

Ceonthors

Hole #
Date

HP-28
Tr26S T3

MP=1 1
s 8570

BFZ-7502
11728272

BEZ-TE2T
9/16-75

Hp-12
TAER TS

BFZ-7503
S 16-75

MR-1

MR-2

£ 18 11B-44 a0 EFZ“?QQS
¢ <

Q-1

Botiom
Collar T eIl .
Elev. {°C)
13496 i7.38
1258 i4.683
1282 11.49
1259 16.12
igek 13.45
1277 13.89
1262
1268
1326 i7.13

a1 -gvadient data, south Harney Basin,

Devth
Interval Avg. TC
{1} i
55.8 i.39
75.8
16.9 595
57.2 .13
i@ﬂ@ 1‘@9
45,9
la.a
38.@
i1g.@ =
B7.5
£p. e { .96
25.8
26.9 i.32
37:5
37.5
5@.9
56,4 32
64.9 @7
48. 8 92
31.@ 27
.8
57.9 .99
&2.5 <
89.3 =
92.8 L83
68,9 L5
igg.e B2
@
" 1.63
1.93

ey R
g ;fﬂ o
& S8 &8

Sregomu-Continggd

L
B

e

Uncorr.

Gradient Gradient

°C/km

E5.
&

Y

iv.a
1.4

3.1
1.3

Roha: gl

°C/km

13a.3

39.4

)
-

[y oo
[ Y ]
& Mo S8

W
1t

i

1]
£ Wid Mo

_"E
& o oe O

14
-3

ide. 2

88,8

TorT,

mWm -~

{

HE

713

126

)

84

50

g2

85

84

&4

ki)

71

71

138

155

i4s

8]

x

HE



holes are found near Coyote Buttes (Bowen and others, 1976), and hole BFZ-7504 near

the southern part of the Basin has a very high heat flow (Plate IV).
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CONCLUSIONS AND RECOMMENDATIONS

The reconnaissance study performed for the southern Harney Basin has tenta-
tively identified two geothermal fesource areas based on geology, geophysics,
geochemistryy‘and sparse geothermal-gradient data. They are (1) the area
surrounding the town of Crane (Plate II) and {2) the area immediately surrounding
Harney Lake (Plates I, IIT, and IV). Preliminary results fndicate hoth of these
areas may have reservoiy temperatures in the moderate range (100—1500C). Site-
specific analyses of these two areas should be carried out in one field program and
inciude the following recommendations:

1. Detailed {scale of 1:24,000 or less) geologic and photogeologic mapping of
Crane and Harney Lake geothermal areas -- to identify and evaiuate active
thermal structures and areas of recent hydrothermal alteration,

2. Detailed sampling and amalysis of hot and cold springs and wells, including
isotope and gas analyses -- to determine fluid flow directions and provenance
and to determine precise reservoir conditions,

3. Closely spaced complete Bouguer and residual gravity anomaly studies -- to
delineate possible active thermal structures or intrusives below surface units.

4,  Several resistivity traverses (ejther dipole-dipole, roving dipole, or telluric)
normal to mapped structures -- to further define the thermal regime.

5. A micro-earthquake/contemporary seismic study of the entire Harney Basin,
making use of a high-gain seismometer array -- to define the seismicity of
the area in relatien to geothermal systems.

8, A program of twenty to thirty 500-ft gradient/stratigraphy holes, followed
by a program of five to ten 2,000-ft holes -- to mod:l heat flow and directly

test geothermal aquifers.
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APPENDIX A

Formulas used in calculations

Na:K {revised): 1217 . .
. 7 t OC = Tog Ra/K) + 1.483 273.15 (Fournier, 1979)

Na:K:Ca: 1647 _ 273.15 (Fournier and Truesdell, 1973),

t % =228+ F (1)

where F (T) = log (Na/K) + [ g.log {v/Ca/Na) ],
8 = 1/3if t>100%C, and 4/3 if t <100°C,
_ t°C = calculated reservoir temperature,

and concentrations are expressed in molality.
Magnesium correction ratio:

_ _ (mi]1i¢qu1ya1ents Mg) - X 100
R = (milliequivalents Mg} + (milliequivalents Ca) + (milliequivalents K)
If R <5 or >50, no calculation was made. For R between 5-50,
AtMg = 10.66—(4.741?) (R) + [5322.87) (log R)z] —7[(1.032 X3102) (log R)Z/T] -
[{1.968 X 10") (Tog R)/T°] + [(1.605 X 10") (log R)“/T"],
where R = magnesium correction ratio expressed in eguivalents,

AtMg = the temperature correction that is subtracted from
the Na:K:Ca 1/3 g calculated temperature,
T = Na:K:Ca 1/3 8 calculated temperature in %.

Or At, can be obtained by using the graph compiled by Fournier and Potter (1979).

Mg

S‘iO2 temperature calculations (Fournier and Rowe, 1966):

1309

S0, (conductive), Oc - ET5 7 Tog (SiOZ) - 273.1%
. , . 1522
$i0, (adiabatic), %0 = 5.75°F Tog (ST0,) - 273.15
$i0, (chalcedony), 1032
2 t°C = 769 ¥ Tog (5705 - 27313
Si0, (opal), 731
c t° = 352 % Tog (510, ~ 431>

where Si0p is expressed in mg/1.
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APPENDIX B

Geothermal-gradient data
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LBCATIBN: CRANE, BREGBN
255/33E+11B8B8

HBLE NUMBER! KR=1

DATE MEASURED! &/12/75

DEPTH DEPTH TEMPERATURE GESTHERMAL: GRADIENT
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250 820 13982 5716 2+0 3
300 9B 4 13096 57¢13 4o} el
350 1148 13992 57418 &0 *3
400 1312 1439 5790 850 bed
A 4560 1476 L4044 37459 1040 +5
; 500 1640 15200 5936 15249 843
. 5540 180k 150443 5979 4800 206
6040 19668 15612 6010 3440 {9
6500 2432 150750 6035 2840 195
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LOCATION: BURNG AMS. OREGOMN
£55-33E— 9CH

HOLE MNAME: WsB-1

DATE MEASHRED: S-14-00

DERTH DEPTH TEMPERATURE BEOTHERMAL SRADIENT
METERS FEET DEG C DEE F DEE CrKHt DER Frig@ BT
E.@ 16.4 17.169 62.92 2. 2.a
12.@ 32.8 17.278 63.92 8.0 1.9
15.@ 49.2 17.21a 63.16 g.a 9.4
20, & B5.6 1°7. 328 £3.18 2.8 2.1
25.8 g2.e 17.30a 63.28 12.6 @.7
39.9 =98, 4 17. 438 63.37 10,3 @.5
35.2 114.8 17,498 63. 48 12.@ a.7
46.8 131.2 17.53@ 63.55 3.2 @.4
45,8 147.& 17.580 63,64 19,8 8.5
50.0 164. @ 17.608 63.68 . 4.8 8.2
55.@ iga. 4 17.67@ £3.81 14.@ 8.8
ca.@ 196.8 17.70a 63.85 £.0 @.3
65.@ 213.2 17.82@ &4.08 24,0 1.3
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PSSR

LOCATICON: BURBNS AMS,

208, 33E~-160CD

HOLE MRME! WEB~3
DATE MERSURED: S5-14-82
TEPTH . _TEMPERARTURE
FEET DEG C DEG F
32.8 12.¢7a 53.73
49.3 1z2.41@ 54, 24
65.6 12.81e 55.86
g22.e 13.252 5E.49
=8, 4 13.269 £5.87
114.8 13.549 56,37
131.2 13.740 56.73
147.5 13. 862 56.95
164.@ 13.940 57.89
ie8.9 14,018 57.22

OREGON

GEQTHERMAL, GRADIENT

DEE CrKM

5
mivh @M
NEOEEORRe D

DEG Frlie@ FT
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DEFTH
METERS

LOCATION: BURNS AMS. OREGUN
255-33E- SCDh

HOLE MNAME: HRFORD 3
DATE MEASLRED: Er14.B0
DEFPTH TEMPERRTLEE
FEET DEG C DEG F
16.4 27,800 23,564
32.3 27,920 B, 54
49.2 27,800 B82.64
65.6 27,03 g2.65
g2.a 27, 04e ga.e’v
95. 4 27,50 8.7l
114.8 27.298 80,75
i31.2 27.12@ ge.82
147.6 27.13e 8a.83
164.¢ 27. 160 ga. g9
18@. 4 27.19a 8a.94
196.5 27,219 82,98
213.2 27,199 59.34
229.6 27,258 B81.85
245. @ 27.260 gl.e7
26a . 4 27.29 gi.12
278.8 27, 309 Bl.14
2395. 2 27.338 21.19
311.6 27.34@ gl1.21
J28.8 27.350 g81.23
344.4 27. 5eg 81.58
369.8 27.518 31.52
377.2 27.548 B1.57
333.6 27,628 g1.72
418.9 27. 8@ 82.e4
426, 4 27.860 B2. 15
442,89 27.83@ 82.29
459.2 27,929 82. 28
475, 6 27,930 g2.27
452.@ 27, 948 82.29
5@8. 4 27,97 82.35
524.8 27¢.36@ 82.33
541.2 27.940 B2.29

SEOTHERMAL GRADIENT

LEG C-KH
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LOCATICN: BURNS AMSs OREGON
255-33E- 9CC

HOLE MNAME: ARFORD 2
DATE PMERSURED: B-14-80

DEPTH ) DEPTH TEMPERATURE GEOTHERMRL GRADIENT
METEES FEET DEG C DEG F DEG Cr/EM DEG Fr186 FT
5.0 16.4 2. 768 Bd. 37 g.a @.e
15.8 49.2 21.21e 79,18 45. 8 2.5
2. @ 65.5 21.439 Ta.57 44.8 2.4
25.8 g82.9 21.558 a7 24,9 1.3
39.a Sd.4 21.72@ 71.1@ 34.e 1.9
5.8 114.8 21,848 71.31 24.9 1.3
48.3 121.2 21.918 71.44 14.@ 8.8
45, & 147.6 21.938 71.56 14.@ @.8
5@, 164.6 22, @38 71.65 l,@ @.5
55.@ 189. 4 22 . 39 te.14 E4.09 3.@
6, & 196.8 22,329 2. 18 4.@ @.2
&l.@ 206.1 22, 39 72.14 —-C@.@ -1.1
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LOCATION: BURNS AMS. OREGGH
255-33E-11CD

HOLE MNAME: WSB-4

DATE MEASURED: 5~ 2/60

DEPTH TEMPERATURE BEOTHERMAL GRADIENT
FEET DEG C DEG F DEE CoKM DEG Fri1e@ FT
2.8 11.139 52.03 8.0 Q.Q
49,2 11.206 52,16 14,8 2.8
65.5 11.368 52.45 32.9 1.8
82.@ 11,458 E2.81 18.9 1.e
S8.4 11.49@ 52.668 8.0 2.4

114.8 11.508 52.72 2.0 @.1

1z1.2 11.520@ 5. 74 4.8 @.2

147.6 11.540 52.77 4.0 8.2

164, 11.57@ Ea.83 6.0 2.3

18a.4 11.608 &2. 88 6.0 2.3

1g7.@ 11,820 52.92 19.9 a.5
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DEPTH
METERS

5.9
1g.9

]
]
NMeAIRARCIEEGEIDTD

LOCATION: EURNS AMS. OREGON

S-33E-16MRB
HOLE NQHEI ARFORD 1
DATE MEQSURED: GS-14-80
DEPTH TEMPERRTUPE
FEET DEG © DEG F
1.4 i4.27@ 57,69
32.8 14,6686 E3. 28
49.2 14,948 58.89
65,6 15,159 83,27
g2.9 is5, 200 59,36
98.4 15,2108 59,38
114.8 15.21@ 59,38
131.2 15.28¢ £S.50
147.6 15,350 ©g, 7@
i64.0 15. 448 £9.7%
189@.4 15,5309 55,95
195.8 15.6582 2@, 04
213.2 15,628 0a, 12
229.5 15. 688 a2.22
o468, @ 15,758 &, 35
262. 4 15.838 a@, 42
278.8 1. 97a &2, 75
295.2 15.898 2. 24
1.6 17. 648 63,75
328.@ 18,70 £4. 76
344 .4 18,558 85.39
3E2.6 18.838

GEQTHERMAL. GRADIENT

DEG CoKM
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LOCATION: DauaLE-O LEG: OREGON
255/ 30E=3BB

HELE NUMBER! BR-75 10
DATE MEASURED! 9/156/75

DEPTH PEPTH TEMPERATURE GEOTHERMAL GRALIENT

METERS ' FEET DEG C DEG F DEG C/KM DEG F/100 FT _
e Be2 149162 57449 0 0
Bel 1604 11343 5349 ~858e0 437
75 24e6 124232 54401 1169 Hed

102 3248 12e48D She b 1300 33
125 4140 12+612 347D 3249 2e3
150 432 124322 3508 R4eQ 406
1745 574 12893 35420 280 13
2000 5546 12+983 5536 360 243
2245 738 130997 550386 - 4490 2ok
2540 820 13180 5572 3600 240
2745 3002 13250 55+85 280 15

1el

30 IBed 134392 35¢34 200

- 6] -



i o L R T S A R e Y

0.C

.0

TEMPERATURES DEG ©

z1.0

« I --{TUmis

_29 -
AT

A o
Lo T

DOBLE-0 LEG, CREEN
» BR-75-8 (265/308-20DE)
Qr79-7%

+ BR-TH-9  (278/29E-21AC)

= BR-75-10 (265/30E-3BB)
S 16/79

3 BR-78-11 (255/315-LFR)
arle 7% (255/

o




LOCATION: BURNS AMS, OREGON
255-34E-31CC

HOLE MNAMEs HIMDYPTL

DATE MEASURED: &~ B-0@

DEPTH DEFTH TEMPERQTURE GEQTHERMAL. GRADIENT

METERS FEET DEG C DEG F DEE CoKM DEG Frie@ ET
1e.a 32.8 11.140 52.05 2.0 2.8
i5.@ 49,2 11.15@ 52.87 2.@ 2.1
2a.@ 65.6 11.1e& 52.99 2. 2.1
25, B2.9 11.23a 52.21 14,6 @.4d
8.8 SB. 4 11.28@ 52.30 18, @ .5

_.89...
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LOCATION: BURMNS &S, OREGON
265336~ 2Ch

HOLE NAME: WIMNDYPTE

DETE MEASURED: 52 2780

DEPTH TEMPERATURE GEOQTHERMAL BRERDIENT
FEET DEG C DEE F DEG C/KM DEG Friew FT
32.8 15.518@ E9,.92 8.8 2.8

& 15.89¢ £.60 7. @ 4.2
B 16.250 &1.25 Te. @ 4.0
@ 16.618 &1.9@ 72.8@ 4.9
4 16.949 &2.49 G5. 9 3.6
.G 17.568 63.58 i12.9 &.1
2 ig. oo 4. 51 1ig.@ 6.1
B 18,538 B5.35 4,9 5.2
i@ 18,980 BE. 18 2g. @ 4.9
-4 19.32@ &6, 78 62.0 3.7
e 19. 46@ BY. @3 46.7 2.6
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DIGEFORRG

LOCATION: BURNS AHS
2E5,308-1100

OREGOMN

HOLE MAME: WINDYPT3
DATE MEASURED: S~ .88
DEFPTH TEMPERATURE
FEET DEG C DEG F
16.4 12,18 £3.92
32.3 128,480 54,46
43.2 12.73@ EE, a2
22.@ 13.75a S6. 82
98. 4 14,240 57.63
114.8 14.67a 58.41
131.2 15,992 59.16
147.86 15. 450 53.81
157. 4 i5.53a 549.95

GEOTHERMAL GRADIENT

NECEEDOD

EE C/KM

DED Fri@@ FT

"

MEEB-100 O

bbb B G
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PEEOEERED

LOCATION: BURNS 6MS, OREGOM
265-33E-130A
HOLE NEME: N THPSOMN
DATE MEASURED: 5/ 9-809
DEFTH TEMPERATURE
FEET DEG C DEE F
32,8 17.749 £3.93
49,2 ig. 280 B4, %8
E5.6 15, 166 65, 49
82,4 28, 958 62.71
=g, 4 =1.68@ 71,82
114.3 21.688 7102
121.2 Z1.83e 71.38
147,56 g2, 086 71,74
164, & 22.2308 7.8l
176.6 22.319 T2, 16

GEOTHERMAL GRADIENT

DEG C-KM

2.@
188.0

s
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PP & & T ~J o0

DEG F-19@ FT
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LECATIBN: DHYRLE-D LEG, BREGEN
. 265/30E=20D8

HOLE NUMBER! BR=75-8

DATE MEASURED! %9/29/75

DEPTH DEPTH TEMPERATYRE GEBTHERMAL GRADIENT
HETERS FEEY DEG C DEG F DEG C/KM DEG F/1Q0 FY
BeD 16ed 13219 5B e 42 0 oD
72 Dok 150935 2168 =83C0 =433
100 128 11213 32519 1120 5¢]
1245 $10 11332 52439 b6 240
15D 492 110363 5R045b 140 '8
175 37k : 11722 33610 14240 _ 748
2Cel 6566 12+085 5375 1460 849
225 7368 12393 53477 490 2
2560 A2 12263 54007 2610 3eb

- 71 -
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8.0 | TEMPERATURE, DEG C

0.0 " ) ) T " -
x s @ UOBLE-O LEG, (FE _
T BR-75-8 (268/30m~—"cne.)
& +* 4 E/m/?g q
- " + BR:75:9 (275/29E-214C)
D b H 927
= o ) « BR-75-10 (265/306-35E)
2 g = L1675
T - > @ "
’ | 2 BR-75-11 (255/21E-4ER)
H va . - 81675 @55/
5 4+ + & L
M1 Lo
% . )
% + a -
S | [+ &
T B &>
1 a
4
TO.9 o . . e
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- LOCATICH: BUERNS AMS. OREGOM
265 33IE-3500
HOLE NRME: DAJIS 1
DATE MEASURED: &~ 7-80

DEPTH DEFTH TEMPERRTLURE GEOTHERMAL. BRADIENT

METERS FEET DEG C DEG F DEG CoEi DEG Frige FT
18.9 32.8 10.573 51.63 0.a 8.8
15.a 49,2 le.63@ 51.13 12.8 e,
28.09 65.6 18.678 51.21 B.8 2.4
25.8 82.9 18,726 51.38 12.@ @.5
Jz.9 9a. 4 12,859 51.53 26.9 1.4
34.5 113.2 19.868 51.585 z.2 @.1
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NOe0e0eNRe0OPeDONORIOR o eI RES0Se®

LOCATION: BURNS arMSs TREGON
FFE-52E-23BB

HOLE MNAME UL TAGE
DATE MEASURED: Lr13-86¢
DEPTH TEMPERRTURR
FEET DEG C DEG F
32.8 11.91@ 53,44
49.2 12.27¢ 54.89
65.6 12, 268 54.87
282.a 12, 426 54.48
935, 4 12.698 54.84
114.8 iz2.832 55. 89
131.2 13, @98 55.56
147.6 13.33a £6.68
164.@ 13.05@ 56.3%
1680, 4 13. 938 5r.av7
196.8 14.23a 57.61
213.2 14.542 58.17
2296 14.832 58.59
246.9 15. 008 59.a¢
262. 4 15.17a 59.31
278, 8 15.37a 59.07
295.2 15, 568 oe. 21l
311.6 15,938 BE.ET
3z28.@ 16.338a 6l.48
344. 4 16. 760 62.17
268.8 17.12e 62,82
377.2 17,470 63. 45
393.6 17,808 o4, 04
4l1a.a 18, 146 4. 65
426, 4 18, 48 65,26
442.8 18,85 55.93
459, 2 19,178 65,51
475.6 19,520 67.14
492.9 19,385 &7.73
505, 4 o0 19e 68.32
524.8 20538 63.95
541.2 20,890 52.68
E57.56 21.2668 .27
574.0 21.580 7o, 84
59a. 4 21,839 71.38
606,85 2. 168 7i.89
623.2 22420 2. 36
6281 22. 460 Te. 43

GEOTHERMAL GRADIENT

DER C-EM
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LOCATIBN: DBUBLE~E LEG,
275/29E=214C

HELE NUMBER:?

BR=753

DATE MEASURED! 9/23/75

DERTH
METERS

DEPTH
FEET

1Eed
24eb
328
410
492
A7 ek
L2k
738
220
202
8¢ h
tnbet
1148
1235
1312
1394
16746

BRLGHN
TEMPERATYRE

DEz C SEG F
129652 54477
11650 52497
11145 22+05
11.420 3256
119630 5233
11770 5319
11859 33.38
1370 23455
12270 5373
129193 53339
i2+320 DhelB
12«u453 Sheyd
12632 S4e5R
12730 D4eF]
12086) 2515
13010 535eb2
13182 2572

- 77

GEBTHERMAL GRADIENT

DEG C/KM

+0
4300
=2J40
1120
R4
3690
e ()
360
toel)
30«0
2290
300
H0e0
220
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548+0
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21.04

—

8.0 TEMPERATURE, [EG C
0.0 ' ) ' L ’
2 + ® A E-0 LEG. OREGDN
s fB-7R-R (265/3CE-2008)
v 872975
{ - ) v BR-75-9 (275/29E-214C)
= o " 32375
Ls L a + L
= = BR-75-10 (263/30E-3EB)
= ‘”’ = 21675
T + . ® K
3 HR-75-11 (255/31E-4EB)
H +a - a 1675 (2s5/
1 xr * B -]
H & B |
i: * @ @
"T’ .
% 4 N
S = H <+
N -] %+
-}
& P
k]
e}
mne [ R [ — _— e — — — e
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LOCATION: BURNS AMS, DREGDON
275-33E-20D8

HOLE NARME: BECKLEY

DATE MERSURED: &5-13-882

DEPTH TEMPERATURE GEOTHEREMAL GEADIENT
FEET DEEC = DEGF DEG C-EM DEG Frl10@ FT
32.8 11.428 52.50 Q.9 @.a
45,2 11,428 52.56 @.o 2.9
E5.6 11,42 52.56 .8 3.9
B2.© 11.426 E2.57 2.9 @.1
298.4 11.430 52.57 @.a 2.2

i14.8 11.432 52.57 g. 9 Q.8

131.2 11.399 52.50 —-8.@ -0.4

147.6 11,388 52.48 ~z. 8 -a.1

164.@ 11,380 S, 48 Q.8 @,

164.@ i1.368 2. 48 & -2.e

160, 4 1i.21@ 52.18 —34.@ -1.9

196.2 11.6z20 52.92 852.8 4.5

198. 4 11.62¢ 2.92 2.¢ a.@




gg/£1/5
BU0Z-3JEE/SLZ ©

A3A338

O

non0Do0bgmomm

o

_ ] i

—1 0§

A
e 3

"~y
f

St

540

01
“AHNLIBHIdWIL

"Hld3d

SHALIN

- 80 -



LBCATION: D1AMBND LEGs BREGON

275/33E=33C8H

HOLE NUMBER: BR=75e2

DATE MEASUREDY 11/22/75%

DERTH
METERS

DEPTH
FEET

BaspP
16et
2hed
3268
410
492
57 el
656
738
B2e(
02
38l

10060

- 81 -

TEMPERATYRE

DEG C DEG F
129570 3463
18763 5437
11820 5326
119360 5245
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LOCATION:
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LOCATIBN: CBYBTE BUTTES: BREGON
28S/30E=13DA

HBLE NUMBER: Hp=12

DATE MEASUREDRS 7/22/75
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LOCATION; DIAMOND LEG, OREGON
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EXPLANATION

statements are general;

descriptions are based on hand-specimen identification)

Alluvium and Holocene sedimentary deposits, undifferentiated: Unconsoli-
dated, locally stratified, white to buff silt, sand, and gravel; found in
recent stream channels and throughout Harney Basin floor. Gravel composed
of bedrock fragments predominates in existing stream channels and in pre-
existing stream channels buried under recent lake and fluviatile deposits.
Approximately equivalent to Qal (alluvium) and Qs (sedimentary deposits)

of Greene, Walker, and Corcoran (1972); Parker (1974); and Walker (1977)

Alluvial fan deposits: Unconsolidated to partially cemented, stratified,
poorly sorted mixtures of silt, sand and gravel; found at mouths of ele-
vated canyons and drainageways. Partial cementing by caliche common.
Approximately equivalent to Qf (alluvial fan deposits) of Greene, Walker,
and Corcoran (1972)

Lands1lide deposits: Unconsolidated blocks of bedrock and debris moved
downsTope via debris flow and slumping from undercutting by stream action.
Sliding is most common in unconsolidated sediments directly overlain by
more resistant welded ash-flow tuffs and lava flows. Approximately equiv-
alent to Qls (landslide deposits) of Greene, Walker, and Corcoran (1972)

Playa deposits: Unconsolidated to cemented clay, silt, and sand, with
some evaporite deposits; found in closed, undrained basins in bedrock
and Holocene sediments 4

Basalt of Diamond Craters: Holocene, medium- to dark-gray, fine-grained
vesicular basalt found at Diamond Craters in the southeast corner of the
study area. Also includes limited amounts of ash, agglomerate, and cin-
ders.
Robinson, and Park (1939); Qlb (late basalt) of Greene, Walker, and Cor-
coran (1972); and Qlb (late basalt) of Walker (1977)

Ash of Diamond Craters: Holocene, red to dark-gray ash, cinders, and
agglomerate found mantling unit @bd at Diamond Craters. Mapped where
unit conceals basalt flows. Approximately equivalent to Qa (ash) of
Greene, Walker, and Corcoran (1972)

Upper Pliocene basalt:

overlying unit @Tst in northwestern corner of study area, north and west

of Dog Mountain, and as extensive flows and low shield volcanoes south and

east of Malheur Lake. Partially equivalent to Th (Harney Formation) of
Piper, Robinson, and Park (1939); QTb (basalt) of Greene, Walker, and
Corcoran (1972); TQb (Tertiary and Quaternary basalt) of Parker (1974),
and QTb (basalt) of Walker (1977)

Upper Pliocene mafic vent complexes: Upper Pliocene basaltic and ande-
sitic scoria, cinders, agglomerate ash, and limited flows; occurs as
cones, low mounds, and tuff rings northwest of Harney Lake and east and
south of Malheur Lake. Thought to be source for flows of unit QTh.
Partially equivalent to Qbh (late basalt) of Piper, Robinson, and Park
(1939); QTmv (mafic vent complexes) and QTs (pyroclastic rocks of cinder
cones) of Greene, Walker, and Corcoran (1972); QTps (subaqueous pyro-
clastic deposits and associated cinder cones) of Parker (1974); and Tvm
(mafic vent complexes) and Tpb (pyroclastic rocks of basaltic cinder
cones) of Walker (1977)

Tuffaceous sedimentary rocks: Pliocene, white to buff, semiconsolidated,
stratified, pumiceous sandstone, siltstone, and conglomerate; underlies
unit @7b in northwest corner of study area. Partially equivalent to Th
(Harney Formation) of Piper, Robinson, and Park (1939); QTtg (terrace
gravels) and QTs (sedimentary rocks) of Greene, Walker, and Corcoran
(1972); TQs (Tertiary and Quaternary sedimentary rocks) of Parker (1974);
and QTs (sedimentary rocks) of Walker (1977)

Rhyolite of Iron Mountain: Upper Pliocene, multicolored, flow-banded,
vitrophyric, rhyolitic rocks; occurs as exogenous domes and flows form-
ing Iron Mountain in the westernmost portion of the study area. Mapped
separately from units Tmro, Tmrp, and Tmrd on basis of stratigraphic
position and K/Ar age dates. Partially equivalent to Trr (rhyolite and
rhyodacite) of Greene, Walker, and Corcoran (1972) and Tus (silicic vent
rocks) of Walker (1977). Approximately equivalent to Trim (rhyolite of
Iron Mountain) of Parker (1974)

Basalt of Iron Mountain:
bearing basaltic rocks;

Upper Miocene, black, fine-grained, olivine-
occurs as flows found immediately west of Iron
Mountain overlying unit Tmtr. Mapped separately from unit Tmbh_on basis
of stratigraphic position and K/Ar age dates. Partially equivalent to
Tob (basalt) of Greene, Walker, and Corcoran (1972); Tba (Tertiary basal-
tic rocks) of Parker (1974); and Tob (olivine basalt) of Walker (1977)

Rhyolite of Palomino Butte: Upper Miocene, multicolored, flow-banded,
pumiceous, rhyolitic rocks; occurs as exogenous domes and flows forming
Palomino Butte in the northwestern corner of the study area. Mapped
separately from unit Tmro, QTr, and Imrd on basis of stratigraphic posi-
tion and K/Ar age dates. Partially equivalent to Tv (older siliceous
extrusives) of Piper, Robinson, and Park (1939); Trr (rhyolite and rhyo-
dacite) of Greene, Walker, and Corcoran (1972); and Tus (silicic vent
rocks) of Walker (1977). Approximately equivalent to Trpb (rhyolite of
Palomino Butte) of Parker (1974)

Rattlesnake ash-flow tuff: Upper Miocene, Tight-brown to red-brown to
gray, pumice-rich, rhyolitic, welded ash-flow tuff. Commonly zoned into
recognizable basal vitric, spherulitic, lithophysal, and upper devitri-
fied zones. Visible phenocrysts consist of sanidine, plagioclase feld-
spar, quartz, and pyroxene. Pumice is eutaxitic and generally light
brown in color, and fragments range from 2 to 20 cm in Tongest dimension.
Partially equivalent to Td (Danforth Formation) of Piper, Robinson, and
Park (1939) and Tat (silicic ash-flow tuff) of Walker (1977). Approxi-

mately equivalent to Tdo (welded tuff of Double O Ranch) of Greene, Walker,

and Corcoran (1972) and Trs (Rattlesnake ignimbrite tongue) of Parker
(1974)
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Adapted from Piper,

Approximately equivalent to Qbd (late basalt near Diamond) of Piper,

Upper Pliocene, medium-gray, diktytaxitic, olivine-
bearing vesicular basaltic flows; occurs as series of thin flows generally
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and Park,

1939; Greene, Walker, and

Tuffaceous sedimentary rocks: Upper Miocene, white to buff, semi- to
well-consolidatéd, stratified, poorly sorted, tuffaceous, pumiceous silt-
stones, sandstones, and conglomerates. Generally lacustrine, with some
fluviatile and air-fall deposits. Includes all sedimentary rocks occurring
between unit Tmér and unit Tmtp. Partially equivalent to Td (Danforth
Formation) of Piper, Robinson, and Park (1939). Approximately equivalent
to Tst (tuffaceous sedimentary rocks) of Greene, Walker, and Corcoran
(1972); Tst (Tentiary sedimentary rocks) of Parker (1974) and Ts (tuffa-
ceous sedimentary rocks and tuff) of Walker (1977)

Drinkwater basalt: Upper Miocene, dark-gray, diktytaxitic, slightly
porphyritic, basaltic rocks with phenocrysts and glomerocrysts of plagio-
clase and olivine; forms ridge-capping flows in the eastern portion of
the study area near Crane and south of Diamond Craters. Found to overlie
limited outcrops of unit Zmtp east of Crane, with upper stratigraphic
limits unclear. Mapped separately from other basalt units on basis of
lithology, stratigraphic position, and K/Ar age dates. Partially equiv-
alent to Th (Harney Formation) of Piper, Robinson, and Park (1939) and
Tob (olivine basalt) of Walker (1977). Approximately equivalent to Tdw
Drinkwater basalt) of Greene, Walker, and Corcoran (1972)

Basalt of Harney Lake: Upper Miocene, black to dark-gray, olivine-bearing
basaltic rocks, with common yellowish devitrified glass and pillow struc-
tures; occurs as thin flows immediately underlying unit Tmtr south and
west of Harney Lake. Mapped separately from unit Tmbi on basis of strati-
graphic position and K/Ar age dates. Partially equivalent to Tbb (basaltic
breccia member of the Danforth Formation) of Piper, Robinson, and Park
(1939); Tob (basalt) of Greene, Walker, and Corcoran (1972); Tba (Tertiary
basaltic rocks) of Parker (1974); and Tob (olivine basalt) of Walker (1977)

Mafic_vent complexe: Upper Miocene basaltic scoria, cinders, agglomerate,
and palagonitic tuff; occurs as incised cones and tuff rings at the head
of an unnamed draw immediately west of Saddle Butte and near the Donner
und Blitzen River, both in the central portion of the study area. Thought
to be the source for some flows of unit Tmbh

Rhyolite of Double O Ranch: Upper Miocene, multicolored, flow-banded,
vitrophyric rhyolitic rocks; occurs as flows and cumulo-domes immediately
south and west of Harney Lake. Mapped separately from units @Tr, Tmrp,
and Tmri on the basis of stratigraphic position and K/Ar age dates.
Partially equivalent to Th (Harney Formation) of Piper, Robinson, and
Park (1939); Trr (rhyolite and rhyodacite) of Greene, Walker, and Cor-
coran (1972); and Tvs (silicic vent rocks) of Walker (1977). Approxi-
mately equivalent to Trdo (rhyolite of Double O Ranch) of Parker (1974)

Prater Creek ash-flow tuff: Miocene, Tight-reddish-brown to 1ight-gray,
pumice-poor, rhyolitic, welded ash-flow tuff. Generally devitrified and
crystal-poor with rare eutaxitic, light-brown pumice fragments that are

1 to 3 cm in longest dimension. Forms thin flows in Timited outcrops
near Harney Lake and immediately northeast of Crane. Partially equiva-
lent to Td (Danforth Formation) of Piper, Robinson, and Park (1939) and
Tat (silicic ash-flow tuff) of Walker (1977). Approximately equivalent
to Tatp (ash-flow tuff of Prater Creek) of Parker (1974) and Twtp (welded
tuff of Prater Creek) of Greene, Walker, and Corcoran (1972)

Tuffaceous sedimentary rocks: Miocene, white to buff, semi- to well-
consolidated, poorly stratified, poorly sorted, tuffaceous siltstones

and sandstones with some air-fall pumice deposits. Includes all sedimen-
tary rocks occurring between unit Tmtp and unit Tmtd. Partially equiva-
lent to Td (Danforth Formation) of Piper, Robinson, and Park (1939); over-
1ying sedimentary rocks of Tdv (welded tuff of Devine Canyon) of Greene,
Walker, and Corcoran (1972); Tst (Tertiary sedimentary rocks) of Parker
(1974); and Tat (silicic ash-flow tuff) of Walker (1977)

Devine Canyon ash-flow tuff: 'Middle Miocene, light-gray to greenish-gray,
crystal-rich, pumiceous, rhyolitic, welded ash-flow tuff. Found as either
devitrified or vitric units, with no lithophysal or spherulitic zones rec-
ognized. Pumice fragments are generally eutaxitic, 1ight brown in color,
and 1 to 5 cm in longest dimension. Appears to represent multiple-flow,
simple cooling unit. Partially equivalent to Td (Danforth Formation) of
Piper, Robinson, and Park (1939); Tdv (welded tuff of Devine Canyon) of
Greene, Walker, and Corcoran (1972); and Tat (silicic ash-flow tuff) of
Walker (1977). Approximately e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>