
yb\%7l> 

STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

1005 State Office Building 
Portland, Oregon 97201 

OPEN-FILE REPORT 0-80-7 

' LIBRARY 
OREGON DEPARTMENT OF GEOLOGY 

AND MINERAL INDUSTRIES 
1069 STATE OFFICE BUILDING 
PORTLAND, OREGON 97201 

PRELIMINARY GEOLOGY AND 
GEOTHERMAL RESOURCE POTENTIAL 

OF THE 
SOUTHERN HARNEY BASIN, 

OREGON 

by 

! D. E. Brown, 

G. D. McLean, and 

G. L. Black 

Under the direction of J. F, Riccio 

Study completed under U, S, Department of Energy 
Cooperative Agreement No, DE-FC07-79ET27220 

1980 

EARTH tCBf MCI U B . 



DISCLAIMER 

This report has not been edited for complete 

conformity with Oregon Department of Geology and 

Mineral Industries standards. Data in this docu

ment are preliminary and are subject to change 

upon further verification. 

y77f7y\:0mmm^ 



CONTENTS 

INTRODUCTION , , , , , , 1 

GEOLOGY , , , 3 

Introduction , • , , , 3 

Volcanic stratigraphy , , , , , , , , , , , , , , , , 3 

Structural geology 8 

GEOPHYSICS , , , , , , , , 11 

WATER CHEMISTRY , .12 

GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA . , , . , , , 25 

CONCLUSIONS AND RECOMMENDATIONS .30 

BIBLIOGRAPHY OF THE HARNEY BASIN , .31 

APPENDIX A: Formulas used in calculations ,37 

APPENDIX B: Geothermal-gradient data ,,,.,,, 39 

- 1 



ILLUSTRATIONS, 

: r ••• / 

FIGURES • 

1, Map showing location of study, area, southern Harney Basin, Oregon. 2 

TABLES 

1, Radiometric (K/Ar) ages of selected rocks, southern Harney Basin • 4 

2, Bulk chemical composition of selected rocks, southern Harney Basin 6 

3, Spring and well chemistry, southern-Harney Basin ,13 

4, Geothermetric calculations of minimtlim reservoir temperatures 

for thermal waters, southern Harney Basin 19 

5, Geothermal-gradient data, southern Harney Basin 26 

MAPS (folded, in envelope) 

i''^(sZ,^!9ii Plate I, Geologic map of the southern Harney Basin, Oregon 

(northwest quarter) 

\:G2,<;^-o Plate II. Geologic map of the southern Harney Basin, Oregon 

(northeast quarter) 

7'-C2^&-o Plate III. Geologic map pf the southern Harney Basin, Oregon 

(southwest quarter) 

/•&2s«) Plate IV. Geologic map of the southern Harney Basin, Oregon 

'(southeast quarter) 
E 

I^^SO,^'^ P l a t e ^ Lineament map of the Harney Basin, Oregon 

f . j ^ Plate VI. Aeromagnetic map of the southern Harney Basin, Oregon ? 

|;2<;:o,o*\) Simple Bouguer gravity anomaly map of the Harney Basin, Oregon 

|-z<roeifo Aeromagnetic map of the Harney Basin, Oregon 

- T l 



INTRODUCTION • 

The study area is located at the southern end of a large, quas i -c i rcu lar 

topographic low in central eastern Oregon known as the Harney Basin (Figure 1) . 

Limits of the study area were a r b i t r a r i l y determined according to the bounda

r ies of avai lable U.S. Geological Survey (USGS) topographic maps as 43°00' on the 

south, 43°30' on the nor th , 118°30' on the east, and 119°30' on the west. This, 

study, performed under U.S. Department of Energy Contract No. DE FC07-79ET27220, 

was undertaken to estimate the geothermal potent ia l of the area, using various 
- ' • i 

methods including compilation of ex is t ing data, reconnaissance geologic map

ping, lineament analys is, well and spring geochemistry, and accrual of geo

thermal-gradient data. 

Geographically, the study area is comprised of a roughly c i r c u l a r , re la -

t i ve l y f l a t , c l osed drainage basin that covers an area of 21,000 km (8,100,mi ). 

Included w i th in the basin are volcanic mounds surrounded by mountainous high

lands. Drainage w i th in the basin is in to several closed desert lakes, inc lud- . 
• ^ 

ing Malheur, Harney, and Mud Lakes, through S i lv ies River from the nor th , 

Donner und Bl i tzen River from the south, Warm Springs Creek from the west, and 

Malheur Slough from the east. Total r e l i e f w i th in the basin is less than 9 m 

(30 f t ) , to ta l r e l i e f i n the highlands more than 500 m (1,600 f t ) . The only 

population centers are the small farming communities of Crane, Princeton Post i 

Of f i ce , and Diamond, a l l in the eastern port ion of the study area. The remain-

der of the southern basin is comprised of swampy b i rd hab i ta ts , ca t t l e ranches., ,' 

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



" GEOLOGY 

Introduct ion 

The geologic study of the area (Plates I-IV) consisted of (1) a f i e l d 

check and minor rev is ions 'o f a study of the western ha l f of the area by 

Parker (1974), and (2) an o r ig ina l reconnaissance study of the eastern ha l f 

o f the area during the f a l l 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 F la t , Barton 

Lake, and Coyote Buttes 7%-minute quadrangles. L i thologies were based on hand speci

men i d e n t i f i c a t i o n s , l im i ted K/Ar ages (Table 1) , and avai lable bulk chemistry 

(Table 2) . Areal extents of various units and spec i f ic points were located 

by using Brunton compass and pacing; data were p lot ted on USGS quadrangle ;maps 

without the aid of aer ia l photos. 

Volcanic strat igraphy 

The geology of the southern Harney Basin is comprised of a framework of 

two f l a t - l y i n g , extensive, la te Miocene ash-flow sheets onlapping a regional 
.' 

un i t of ear ly Miocene f lood basalts. The ash f lows, in order of increasing 

age, are the Rattlesnake and Devine Canyon Ash-flow Tuffs (Walker, 1979), 

They are separated by discrete f l u v i a l - l a c u s t r i n e sedimentary un i t s , f lood 

basalts and the i r vents, and s i l i c i c in t rus ions. Trace-element studies by 

Parker and Armstrong (1972) indicate that the ash-flow t u f f s , the s i l i c i c 

in t rus ives , and the related mafic flows bf the area form a bimodal composi

t ional assemblage. Though detai led relat ionships are unclear at th is t ime, 

at least one and possibly two .caTderas are present j in the study area,, one .. 

located beneath Malheur and Harney Lakes being the source o f the Rattlesnake 

ash-flow sheet (Blank, 1974; Walk'er, 1979), The oldest un i t recognized in 

the f i e l d is that of the early Miocene f lood basalts found along the eastern 



Table 1. Radiometric (K/Ar) ages of selected rocks of the southern Harney Basin 

Sample no.* 

PA-300 

PA-31 IB 

PA-146 

PA-119 

PA-250 

PA-316D 

PA-243 

6-165-68 

PA-330 

PA-3116 

W-2-70 

PA-6-70 

PA-214 

PA-160 

PA-41 

PA-158 

Location 

119°04M8" 
43°03'06" 

,119°22'23" 
'43°09'03" 

r i 9 ° 2 1 ' l l " 
43°13'80" 

119°13'30" 
43 14'19" 

119°03'45" 
43"02'27" 

119°08'45" 
43 17'02" 

119°03'45" 
4 3 V ' 5 6 " 

118°34'48" 
43°24'48" 

119°22'23" 
43°09'03" 

119°22'23" 
43°09'03" 

119°18'00" 
43°28'48" 

119°27'51" 
44^46'54 

119°18'00" 
43°30'18" 

119°28'00" 
43°15'30" 

119°06'34" 
. 43 20'24" 

119°12'00:' 
43" l3 '48" 

Rock type 

Basalt 

Welded t u f f 

Rhyolite 

Rhyolite 

High Al 
basalt , 

Rhyolite 

Welded t u f f 

Basalt 

Welded t u f f 

Welded t u f f 

Rhyodacite 

Welded t u f f 

Rhyolite 

Andesite 

A lka l i 
. basalt 

Rhyoli te 

Age** 

^8,8+1.4 my 
1 

^8,6+0,2 my 

i 

^8,4+1,3 my 

^^8,2+0,12 my 

^7,9+0,9 my 

^7,•8+0.5 my 

^7,1*0,10 my 

Pe.91+1,09 my 

^'6.7+0,4 my 

\ , 6 + 0 , 2 my 

^6,5+0,3 my 
°5,1+0,2 my 

^6 i4 i0 ,2 my 

!j5'.6+0.4 my 
6.4+0.2 my 

^5.8+0.8 my 

1. -

^2.8+0,2 my 

512,1+0,24 my 
•^2,7+0,4 my 

Strat igraphic un i t 

Tmbh 

Tmtd 

Tmto 

Tmtp 

Tmbh 

Tmro 

Tmtr 

Tmbd 

Tmtr 

Tmtr 

Tmrp 

Tmtr 

Tmrp 

Tmbi 

Qtb 

Qtr 

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

**, w- whole rock age; s - sanidine age; a - anorthoclase age; b - biotite age; 
p r- plagioclase age; ps - partial separation age - 4 



Table 1, Radiometric (K/Ar) ages of selected rocks of the southern Harney Basin 
Continued 

Sample no,* 

PA-14 

G-32-67 

SH-4 

SH-12 

SH-105 

SH-106 

SH-106A 

SH-113 

Location 

119°00'23" 
43°26'24" 

119°00'30" 
43°27'00" 

118°56'45" 
43 2'00" 

118^50'22" 
43°15'40" 

118°30'55" 
43 14'45" 

118°30'54" 
43 2T53" 

n8°30 '05" 
43°2T45" 
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Rock type 

High Al 
basalt < 

Basalt 

Andesite 

Basalt 

Rhyodacite 

Basalt 

Basalt 

Basalt 

Age** 

^^2,6+0,3 my 

^2,38+0,07 my 

Pl6,7+0,6 my 

^^2,91+0,38 my 

^11.3+0,5 my 

P l l , H l , 3 my 

P^9,44+0.8 my 

P^8,07+0,69 my 

Stratigraphic unit 

Qtb 

Qtb 

Tmba 

Qtb (?) 

Tmrd 

Tmba 

Tmba 

Tmbhv 

* References: PA - from Parker and Armstrong, 1972; G -.from Greene and others, 
1972; W - from Walker 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, 

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



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

Compo
nent 

Si02 

TiO^ 

.,''t 

-; 

1 - ' : 

AI2O3. , 

FeO (Total Fe) 

MgO 

CaO 

Na20 

K2O 

Si02 

Ti02 

AI2O3 

Total 

FeO (Total Fe) 

MgO 

CaO 

Na20 

K2O 

Si02 

Ti02 

AI2O3 

Total 

FeO (Total Fe) 

MgO 

GaO 

^^2° 
K2O 

*Referen 

Total 

ces: P 

*P-159 
QTb 

- 48.5 

3.51 

12.6 

13.4 

6.2 

9.7 

3.8 

1.15 

98,26 

P-212 
QTb 

49.5 

1.45 

14.8 

11.0 

7.9 

10.9 

3.5 

0.32 

99.05 

P-184 
QTb 

50.2 

3.27 

13.1 

13.7 

5.5 

9.0 

3.9 

1,04 

99.71 

P-194 
QTmv 

48.6 

0,87 

16,9 

9,0 

9.1 

12,4 

2,6 

0,29 

99,47 

P-300 
Tmbh 

49,5 

1,72 

15,4 

12,0 

8,2 

10,5 

3,1 

0,42 

100,84 

P-199 
QTmv 

50,4 

1,52 

14,7 

T1,0 

8,0 

1;1,5 

3.4 

0.35 

100.87 

- from Parker, 1974; 

P-14' 
QTb :„ 

48.7'.; 

1.-43 

17,4: 

10,2 

8,4' 

11.2 

2.8 

0.29 

100.42 

P-73-;4 
Tmbh 

49.5 

1.93 

15.5 . 

12.0 

6.5 

11,0 ' 

3,4 

0,32 

100,,15 

P-193 
QTmv 

50,8 

1.14 

14.9 

1,0,5 

7,9, 

12,/3 

3 , 1 ' 

0,2^1 

100.64 

G - from 

P-40 
QTmv 

48., 7 

1,97 

16,3 

9,7 

8,9 

12,0 

2,4 

0,26 

99,97 

P-52 
QTb 

50,0 

1,36 

15,6 

10,3 

10,0 

10,2 

2,8 

0,34 

100,60 

P-44 
QTmv 

51,0 

0,83 

15,6 

9,2 

8,5 

12.5 

3.0 

0.19 

100.63 

Greene, 1 

P-58 
QTb 

48.9 

1,47 

14,0 

10,8 

11,0 

10,3 

2,3 

0,38 

99,15 

P-41 
QTb 

50,1 

. 1 ,70 

15,0 

11,0 

7,1 

10,6 

3,0 

0,80 

98,50 

P-206 
QTmv 

51,2 

1,17 

14,4 

9,8 

8,2 

11.8 

3.0 

0.53 

100.13 

973. 

P-181 
QTb 

49,1 

1,60 

15,4 

9,4 

7,5 

10,9 

3,2 

0,32 

97,10 

P-250 
Tmbh 

50,2 

1.38 

17.1 

10.4 

8.2 

11.2 

2.7 

0.35 

101.53 

P-185 
QTb 

51.7 

2.82 

13,6 

12,6 

5,6 

8,5 

3,8 

1,28 

99,50 
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Table 2, Bulk chemical composition of selected rocks iof the southern Harney 
Basin--Continued, (Letters at top of each column indicate sample number and 
map symbol for s t ra t ig raph ic un i t . A l l values aVe in weight percent,) 

Compo
nent 

Si02 

Ti02 

AI2O3 

FeO (Total Fe) 

MgO 

CaO 

Na20 

¥ 
Total 

Compo
nent 

Si02 

Ti02 

AI2O3 

FeO (Total Fe) 

M g O • • 

CaO 

Na20 

K2O 

Total 

Compo
nent 

Si02 

Ti02 

AT2O3 

FeO (Total Fe) 

MgO 

CaO 

Na20 

K2O 

*P-278 
Tmbh 

52,6 

1,07 

15,5 

10,0 

6,8 

10,6 

3,2 

0,82 

100,59 

P-146 
Tmro 

73,2 

0,47 

13,5 

2,65 

0,6 

1,41 

3,9 

4,71 

100,12 

P-245L 
Tmtr 

75,0 

0,20 

11,8 

2,7 

0,15 

0.6 

3.12 

6.3 

P-160 
, Tmbi 

57.6 

1.25 

14,7 

8,6 

4,2 

7,0 

4,2 

2,0 

99,55 

P-119 
Tmtp 

73,8. 

0.13 

11,7 

3,0 

0,15 

1,2 

4.45 

4.5: 

9.7.93 

P-214 
Tmrp 

. 76.0 

0.08 

12.9. 

0,75 

;0.4, 

1.6 

3.4' 

4.88 

P-197 
QTmv 

63.7 

0.75 

12.2 

6.0 

4.1 

10.2 

1.9 

1.9 

100.75 

P-215 
Tmrp 

73.9 

0.28 

13.6 

1.7 

0.5 

1.90 

3.4 

4.58 

99.76 

P-290 
Tmtr 

76.4 

0.13 

11.7 

2.7 

0.7 

0.35 

4.4 

4.28 

P-245D 
Tmtd 

71.3 

0.35 

13.4 

4.5 

0.41 

1.9 

3.85 

6.6 

101.71 

• 

Total 99.87 100.01 100.66 

^References: P - from Parker, 1:974; G - from Greene,' 1973. 
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'•• ; - i ' 
•portion of the mapped area. Dates in adja^cent areas indicate ages of 12,1 

to 20,2 m,y.; a date taken fo r th is report / f rom Jackass Butte in the south- • 

central port ion of the map yielded'.an age of 16.7 m.y. The youngest rocks 

are the basalts associated wi th the Holocene Oiamond Craters vent area for 

which there is a reported date o f 15,000+2^000 years, as determined, by hydra

t ion rind,method (Norm Peterson, 1980, personal communication). These youngest 

rocks d i r ec t l y over l ie a second set of young f lood basalts which issued from 

vents mapped immediately south o f Malheur Lake along what is probably a r ing 

f racture zone o f the caldera mentioned above. A t h i r d group o f young lavas 

are the extensive f lood basalts which issued from the Dog Mountain-Freeman 

;Butte icirea. They ihave been eroded to form reverse topographic.features .such 

as iWrights Point and weire dated by Parker (1974) at 2.6 to 2.8 m.y. The 

extensive age determinations avai lable for th is study (Table 1) indi.cate a 

•strong relat ionshi 'p between age o f basal t ic erupt ion, age o f s i l i c i c event, 

and,, iin two ;cases, ,age o f asih-filow erup t ion . These age/modail re la t ionships 

are sihown i'n the tiime-rock charts on the ac company in-g .geologno maps {Plates 

l-TV^. There aire stnil l , , ihowever, iniumerous small iphreatic and sojbaqueous vents 

iWhiidh 'do not ihave la-vas that can 'be idated and whose abso.iute age rel,atiOinS;hips, 

t-herefore., lare luncTear and swhiidh may, in some .cases,, ibe o f very young age.. 

'StniiictuiraJl :geoiliogy ', 

iRaiultisng iin tihe soiuthern iWarney ®asi;n fol lows two general trends. The 

f i r s t lis the iBasnin-iRange trend (-approxi.mately aorth-isouth) which -occurs iin 

only a lismnted .area iimmesdiiately north <Qf -Crane iiin the extreme northwest icorner 

iof the imap,. Ihe age iof th'n;s ^normal faul t i jng is mot cl-^ar,. iHoweyer, i t (does 
I 

<Gut the .youngest lunnt ipresent ((;6„il m,y,. i , [-; 

a e S:eo0:nd *ren;d n:s vthe IBrothers faiuilt zone trend (iN..25®-35%,j, whiijch 

'domiisnattes ithe sremaiifnder -M •the::tmap amd cuts al i i ibedroc^k ;unnts ipresent. 

- :8 -



inc luding the 15,000-year-old Diamond Craters, A l l motion in th is trend 

appears to be dip-slip. However, the presence of lateral-slip or oblique-
•I . ' . • 

s l i p f au l t i ng cannot be ruled out. Several authors (McLeod and others, 1975) 

feel the Brothers f a u l t zone may be, in f a c t , the surface expression of a ; 

r i g h t - l a t e r a l wrench system at depth. 

The in tersect ion of the two f a u l t trends is in the southeast corner of 

the map (Plate IV) , in the Riddle Mountain-Diamond Craters area (a port ion of 

which remains unmapped). This area is a fau l t -shat tered zone which 

shows considerable coxcomb-like fau l t i ng on small spacing with short-per iod 

monoclinal fo ld ing and ro ta t ing of the discrete blocks between indiv idual f a u l t s . 

Two adjacent s t ruc tura l domes also occur in th is area, connected from dome crest 

to dome crest by a ho rs t - l i ke f a u l t r idge and separated by one, and possibly 

two, small s t ruc tura l basins. At the leading edge of th is zone is the Diamond 

Craters vent area, which, in i t s e l f , is cut by several fau l ts of the Brothers 

t rend. Structural in te rp re ta t ion of th is complex area is d i f f i c u l t . I t seems 

that the structures are contro l led by a local compressional regime and that 

Diamond Craters i s , in some way, closely related to the intense fau l t i ng and 

fo ld ing . 

• • • - : , ] . - -. • -

Folding in the southern Harney Basin, with the exception of that p rev i 

ously described, is generally in the form of broad, shallowly dipping a n t i 

c l ines and synclines plunging toward the center of the basin. One such fo ld 

in the Crane area plunges west toward the basin. Here, the older ash-flow 

units and basalts have been down-folded and i n f i l l e d wi th 6.1-m,y,-old basal ts. 

This age is s l i g h t l y 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 ca l -

dera formation and subsequent volume loss. 



A lineament study (Plate V) prepared i'or th is report shows a general one-

to-one correspondence of s t ruc tura l trends wi th the mapped f a u l t trends.. I t 

also shows a number of lineaments which cross the a l l u v i a l - f i l l e d basin but 
j s r ' " : . ., , . • - . -.''••. 

which could not be traced through geologic mapping, 

Indiyldiiail blocks w i th in the f a u l t zones, in general, dip back toward the 

center of the .basin. However, during the mapping pro jec t , a number of blocks 

that dipped away from the basin were found. The basin i t s e l f has been formed 

by downwarping which began during middle to la te Miocene (Walker, 1979), The 

process was caused by loss of material through volcanic eruption of the exten

sive ash-flow sheets and numerous f lood basalts and, to a lesser extent , by 

the loss of material volume due to loss of stored heat (Blackwel l , 1980, per

sonal communication). 
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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 lavas, a good correlation between structure and rock type and magnetic 

trends is clearly apparent. On the eastern portion of the map and correlative 

to .the mapped Basin-Range fault trend discussed earlier in this report,a strong 

north-south magnetic 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 portion of the aeromagnetic map is dominated by intensive maxima over 

Diamond Craters and Coyote Buttes and a large 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 likelihood 

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 remainder of the map is dominated by the Brothers 

fault zone trend with isolated maxima and minima centered over mapped silicic 

and mafic volcanic vents. 

Detailed interpretation of structures and geothermal systems cannot be 
I •• . . . 

made on the basis of a single aerqmagnetic survey. Proposals for future geo-
j . • 

physical studies are included in the Conclusions and Recommendations of this 

report. 

-' 11 -
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WATER CHEMISTRY 

'i 

During' the period of this study, 22 wells and springs were sampled and 

their waters'analyzed. Together with existing published analyses (U.S.. 

Geological Survey and Oregon Department of Geology and Mineral Industries, .. 

1979; Leonard, 1970), a total of 28 analyses were available for evaluation 

(Table 3), These analyses were then used to calculate minimum reservoir. 
- . . • • . ' • ' 

temperatures (Table 4), using standard formulae for geothermometry. The 
. . . . . r 1 

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 76 C and 

6,7 C for Crane Hot Springs and Harney Lake.Hot Springs, respectively, down' 

to 15 -20 C for wells and springs bordering Harney Lake, 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 of 

waters are recognized. The first are from the wells and springs near the 

town of Crane and the surrounding area and appear to have moderate total dis

solved solids (184-564 mg/1), high Ca:Mg ratios for the cooler waters (4,1-13), 

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 reservoir- temperatures for these waters 

(Table 4) are also consistently in the 90°-120°C range. Geologic control for 

these waters is difficult to define in relation to the reconnaissance study; 

-12 



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

Dunn Ranch 
Well #1 

Dunn Ranch 
Well #2 

Soldier 
Spring 

Water Tank 
Spring 

Unnamed 
Spring 

Location 

Date sampled 

Temp, (° C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
X, as mg/1 HCO„ 
X" as mg/1 CaC03 

Hardness 
as mg/1 CaC03 

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg 

Cl 

As 

B 

Li 

F 

Fe (total) 

Al. 

HCO3 

PO4 

SO4 . 

NO3 

NH„ 

26S/30E/ 
33Ddd 

5/80 

26 

9,7 

1095 

457„ 

<1 

747 

120 

26S/30E/ 
33Ddd 

5/80 

19 

9,0 

1038 

416„ 

695 

29,4 

27S/29 E/ 
14Ccb 

10/80 

19.5 

8.03 

610 

nt 

<15 

452 

30 

27S/30E/ 
8Add 

10/80 

20,6 

8,7 

1350 

nt 

<15 

788 

33 

27S/29J2E/ 
35Cbb 

10/80 

14.5 

,7.85 

2510 

nt 

205 

1580 

39 

238 

1.5 

<0.01 

<0,01 

69,3 

0,086 

2.76 

<0.1 

9.0 

<0,05 

<0,10 

nt 

0,030 

25.6 

<0.02 

2.34 

250 

1,2 

0,9 

0,3 

22,8 

0,036 

- 3,85 

0,2 

10,3 

0,10 

0,10 

nt 

0,015 

47,0 

<0.02 

. 0.96 

80 

<2.72 

1 

<0.544 

36 

<0,600 

0.8 

<0,054 

2,1 

<0,027 

<0.680 

nt 

nt 

20 

nt 

0.4 

288 

<2,72 

2 

<0.544 

122 

<0.680 

4,3 

0,17 

8.0 

<0,027 

<0.680 

nt 

nt 

28 

nt 

0.3 

500 

18 

34 

19 

604 

<0.680 

6.8 

0.19 

2.8 

<0.027 

<0.680 

nt 

nt 

92 

nt 

1,3 

- 13 



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

- • ^ 

Location 

Date sampled'''' 

Temp, (° C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
X, as mg/1 HCO., 
X" as mg/1 CaC03 

Hardness 
as mg/1 CaC03 

Total dissolved 
solids 

SiQ2 

Na 

K ^ • 

Ca 

Mg-

Cl 

As 

B 

Li 

F 

Fe (total) 

Al 

HCO3 

PO4 

SO4 

NO3 

NH3 

Soldier 
Well 

27S/2932E/ 
15Bdd 

10/80 

19.5 

7.99 

270 

nt 

70 

236 

51 

52 
7 

13 

4 

26 

<0,680 

0,6 

<0.054 

0.5. 

<0.027 

<0.680 

nt 

nt 

15 

nt 

tr 

Sage Hen 
Creek Well 

24S/30E/ 
24Bcb 

5/80 

• 23 

7.9 

. 151 

' ' c 

18 

125 

41 

25,6, 

1,6 

6,4 • 

0,5 

3,6 

0.030 

<0,20 

<0.1 

0,5 

<0.05 

<(3.10 

nt 

0.033 

11,8 

<0,02 

0.03 

Crane 
Spring 

24S/33E/ 
34Caa 

8/31 

49 • 

nt 

nt 

nt 

nt 

nt 

nt 

nt 

nt 

2 

nt 

82 

nt 

nt 

nt 

nt 

nt 

nt 

173 

nt 

80 

1.4 

nt 

Crane 
Spring 

24S/ 33E/ 
34Caa 

9/68 

80 

8.3 

814 

nt 

nt 

536 

80 

170 

3.6 

3.8 

0,2 

78 

nt 

6,2 

nt 

9.3 

0.02 

nt 

199 

nt 

81 

nt 

nt 

Crane 
Spring 

24S/33E/ 
34Caa 

'72 

78 ' ' 

8.1 . 

810 ' 

202^ 

nt 

nt 

83 

170 

3.9' 

3,7 

0.1 

79 ' 

0,09 

7.9 

0.09 

9.0' 

<0,02 

0.022 

202 

0.09 

86 

nt 

3.2 
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Table 3. Spring and well^chemistry of the southern Harney Basin area—Continued 
All measurements are in mg/l, except for pH or as indicated, nt = not tested; 
tr === trace. 

Crane 
Spring 

Island Ranch 
Well 

Unnamed 
Spring 

Long Hollow 
Well 

Barnyard 
Spring 

Location 

Date sampled 

Temp, (° C) 

PH 

Conductance : 
ymhos/cm 

A l k a l i n i t y 
X, as mg/1 • HCO., .• 
x".as mg/f CaCOlJ-
C ' .7j\ 

Hardness 
as mg/1 CaC03 

Total dissolved ~ 
solids 

Si02 

Na 

K 

Ca 

Mg/ 

Cl 

As 

B 

Li 

F 

Fe (total) 

Al , 

HCO3 

% 

SO4 ' 

NO3 

NH. 

'24S/33E/ 
34Caa 

5/80 /• 

•76 . ' 

8,2 

750 : 

169_ " 

564 

93.2 

160 

3.5 

3.6 

0.1 

88 

0,145 

8,67 

0.1 

9,0 

<0,05 

0,10 

nt 

0.050 

.78 

0.05 

0.73 

25S/32E/ 
7Bab 

,8/69 , 

-41 

9.3 

1450 ; • 

v'nt -

nt . 

957 

54 

386 

4,4 

0.5 

0,2 

9 

nt 

nt 

nt 

19 

nt 

nt 

674 

nt 

8 

0.1 

nt 

26S/29E/ 
31Cca . 

. 5/80 

21 

8.0 

275 , 

105„ 

60 

233 

80.2 

26S/ 34E/ 
8Bdd 

5/80 

25 

7.8 

366 

105, 
c 

T15 

282 

75.8 

27S/29E/ 
6Aaa 

5/80 

22 

8.1 

285 

TT2_ 

35 

237 

62.4 

38 

5.5 

12.2 

5.5 

23.5 

0,0.23 

0,65 

<0,1 

0,3 

<0,05 

<0,10 

nt 

0.032 

11.8 

0.72 

0.06 

28,8 

5.6 

28.6 

4.5: 

35.5 

0,016 

0.70 

<0.1 

0.3 

.0.20 

0.38 

nt 

0.084 

28.2 , 

0.02 

2,77 :. 

52 ' 

4.3 

8.0 

2.7 

,23.5 

0,035 

0,64 

<o.i 
0.6 

<0,05 

<0,10 

n't. 

0.034 

11.3 

0.67 

: 0.05 
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Table 3. Spring and well chemistry of the southern Harney Basin area—Continued 
All measurements are in mg/1, except for pH or as indicated, nt,= not tested; 
tr = trace. ' • 

.̂ 

Location 

Date sampled' ' 

Temp, (° C) 

pH 
Conductance 
ymhos/cm 

Alkalinity 
X. as mg/1 HCO., 
X" as mg/1 CaCO^ 
C , ' .0 

Hardness 
as mg/1 CaC03 

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg. 

Cl 

As . . 

B 

Li 

F 

Fe (total) 

Al 

HCO3 

PO4 

SO, 

NO3 

NHo 

Warm Spring 
in Harney Lake 

27S/29JS E/ 
36Cab 

5/80 

22 

8,7 

9280 

2000^ 

23 

10615 

89.6 

2220 

68 

1.5 

3,3 

2400 

1,745 

53,4 

1.0 

8.9 

70.0 

125 

nt 

1.190 

474 

0.03 

^ 1.46 

Unnamed 
Spring 

27S/29JsE/ 
34Da 

5/80 

21 

7,9 

297 

103^ 

58 

251 

63,6 

36,8 

6.4 

13,1 

5.5 

25.0 

0.025 

0.61 

<0.1 

0.4 

<0.05 

<O.10 

nt 

0.032 ' 

12.9 

.0.75 

0.04 

Railroad 
Well 

25S/34E/ 
7Ddd 

5/80 

17 

8.2 

238 

' \ 

27 

184 

56,2 

39.6 

2,5 

8.7 

1,1 

7.4 

0.033 

0,55 

<0.1 

0.5 

<0.05 

<0.10 

nt 

0.027 

18.4 

0.03 

0.04 

Harney Lake 
Hot Spring 

27S/29%E/ 
36Dda 

8/31 

59 

nt 

nt 

nt 

nt 

nt 

92 

622 

12 

13 

3 

562 

nt 

nt 

nt 

nt 

0.03 

nt 

601 

nt 

' 140 

0,5 

nt 

Harney fLake 
Hot Spring 

27S/29%E/ 
36Dda ' 

'72 

68 • ; 

7.26 

2970 ' 

nt 

nt 

nt 

92 

630 , 

13 

12 

1,8 

590 

0.6 

11 . ' 

0.45 

3.3 

0.05 

0.005 

566 

0.092 

140 • 

nt 

1,8 . 
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Table 3, Spring and well chemistry of the southern Harney Basin area--COntinued , 
All measurements are in mg/1, except for pH or as indicated, nt = not tested; 
tr = trace, 

Harney Lake 00 Station Adobe Flat Thompson Harney Lake 
Hot Spring Spring Well Well Spit/Spring 

Location 

Date sampled 

Temp, (°C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
X, as mg/1 HCO., 
X" as mg/1 CaC03 

Hardness 
as mg/1 CaCO, 

Total dissolved 
solids 

Si02 '" 

N a • 

K 

Ca 

Mg- •• '̂ 

Cl 

•As ; 

B 

Li 

F 

Fe (total) 

Al 

.HCO3 

PO4 

SO4 

NO3 

'NH., . 

27S/29̂ 2E/ 
36Dda 

5/80 

67 , 

7.7 

2700 

493„ 

43 

1777 

26S/28E/ 
36Bdd 

5/80 

23 

8.0 

228 

85„ 

44 

186 

27S/34E/ 
17Cbd 

5/80 

17 

8.1 

312 

120 . 

99 

237 

26S/33E/ 
13ACC 

5/80 

24 

7,8 

442 

122 

82 

341 

27S/29JsE/ 
34Dbb 

1.0/80 

14.5 

8.5 

1090 

nt 

30 

654 

102 

53 

12 

12.8 

2.1 

623 

0.915 

12.07 

0.4 

3.0 

0.56 

0.62 

nt 

0.294 

119.3 

0,02 

. 1 , 0 1 

68 

31.2 

4.1 

10.8 

3.9 

17.6 

0.019 

0.45 

<0.1 

0,2 

<0.05 

<0.10 

nt 

0.031 

6.7 

0,50 • 

• 0,05 

- 17 -

80.8 

25.4 

5.7 

26.4 

3.1 

11.4 

0.014 

0.27 

<0,1 

0.4 

<0.05 

0,10 

nt 

0,029 

19.9 

0.51 

0.06 

83.2 

63 

8,1 

19.9 

4.9. 

55.8 

0.024 

1,24 

<0,1 

0,3 

<0.05 

. <0,10 

rtt 

0,013 

45 

0.92 

0.04 

45 .. 

208 

9 

4 

2 

163 . 

<0.680 

2.7 . 

,0.11 

1.5 

P6.017 

<0,680 

rtt-

nt 

58 

nt 

I . l 



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

Location ,, 

Date sampled 

Temp (°C) 

PH 
Conductance 
ymhos/cm 

Alkalinity 
X, as mg/1 HCO» 
X" as mg/1 CaCOg 

Hardness 
as mg/1 CaC03 

Total dissolved 
solids 

Si02 

Na 

K : 

Ca 

Mg, 

Cl 

As 

B 

Li 
F 

Fe (total) 

Al 

HCO3 

PO4 

SO4 

NO3 

NH., 

Eagles Nest 
Spring #1 

27S/29%E/ 
25Aad 

10/80 

41.7 

7.12 

4750 

nt 

154 

3110 

55 

1207 

14 

30 

15 

466 

1.0 

17,1 

0.69 

2.1 

<0.027 , 

<0.680 

nt 

nt 

320 

nt 

5.6 

Eagles Nest 
Spring #2 

27S/29J2E/ 
25Ada 

10/80 

28.1 

9.18 

1150 

nt 

<15 

632 

35 

240 

<2.72 

1 

<0.544 

68 

<0.680 

3.1 

0.07 

7.2 

<0.027 

<0.68d 

nt 

nt 

23 : 

nt 

1.5 

Bathtub 
Spring 

27S/ 29%E/ 
28Cac^ 

10/80 

51 '.I ' 

6.87 

3900 ' 

nt 

170 

2096 

87 

682 

32 

37 

13 

848 

1. 

13. 

0. 

1. 

0. 

<0. 

nt 

nt 

50 

nt 

1. 

-. 

,0' 

.2 

,87 

.8 

,14 

.680 

1 

' i 

5 -
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Table 4. Geothermetric calculations* of minimum reservoir temperatures for 
selected thermaT waters of the southern Harney Basin 

Dunn Ranch. Dunrt Ranch Soldier Water Tank Unnamed Soldier 

Flow rate 
liters/min. 

Measured 
temperature 

°c • . 

Na:K 

P , 

Na:K:Ca 
.1/3 3 

Na:K:Ca 
4/3 B 

°C 

Na:K:Ca 
Mg,.corrected 

°C 

Si02 

conductive 

°C 

Si02 • 

adiabatic 

°C 

Si02 

chalcedony 

°C 

Si02 

opal 
0^ 

Well #1 

lOO-H 

26 

38 

. 78 

; 75 

- NC . 

148 

141 

122 

26 

, : Wel1 #2 

10 

19 

28 

. 60 

34' 

NC 

79 

•82 

4 7 . 

-34 

Spring 

<1 

19.5 

109 

139 

124 

64 

79 

83 

48 

-33 

Spring 

20 

20,6 

52 

100 

122 

NC 

83 

86 

52 

-30 

Spring 

5 

14,5 

112 

143 

130 

113 

91 

93 

60 

-23 

Well 

40 

19,5 

197 

- 17;9 

89 

59 

127 

124 

99 

-13 

^Methodology for calculat ions jDresented in Appendix A, NC .= not calculated. 
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Table 4. Geothermetric ca lcu la t ions* of minimum reservoir temperatures for 
selected thermal waters of the southern Harney Basin - - Continued 

Sage Hen Crane Crane Crane Island Eagle's Nest 
Creek Well Spring. Spring Spring Ranch Well Spring #1 

Flow rate . 
liters/min. 

Measured 
temperature 

°C 

Na:K 

°C 

Na:K:Ca 
1/3 6 

°C 

Na:K:Ca 
4/3 3 

°C 

Na:K:Ca 
Mg corrected 

°c 

Si02 

conductive 

°c 

Si02 

adiabatic 

°C 

Si02 . 

chalcedony 

°c. • 

Si02 

opal 
Or 

50 

23 

144 

136 

51 

124 

93 

95 

62 

-21 

100+ 

80 

86 

120 

109 

NC 

125 

123 

97 

6 

100+ 

78 

90 

124 

113 

NC 

127 

124 

99 

8 

100+ 

76 

87 

121 

109 

NC 

133 

129 

106 

, .13 

40 

41 

59 

120 

196 

115 

105 

106 

76 

-11 

40 

41,7 

60 

100 

99 

40 

106 

106 

77 

-10 

^Methodology for calculat ions presented in Appendix A, NC = npt calculated. 
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Table 4, Geothermetric calculations* of minimum reservoir temperatures for 
selected thermal waters of the southern Harney Basin _- Continued 

Flow rate 
liters/min. 

Measured 
temperature 
Or 

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

28,1 

50 <1 

51,1 21 

pumped 

25 

100+ 

22 

<1 

22 

Na:K 
0^ 

59 127 203 228 162 104 

Na:K:Ca 
1/3 3. 
Or ' 

109 160 178 181 158 138 

Na:K:Ca 
4/3,3 
Or 

140 160 79 59 84 131 

Na:K:Ca 
Mg 'Corrected 

°c • 

Si02 

conductive 
Or 

40 

86 

60 

130 

43 

125 

56 

122 

53 

112 

108 

131 

Si02 

adiabatic 

°C . 

Si02 

Chalcedony 

°C 

Si02 

opal 
0„ 

89 

55 

-27 

126 

102 

10 

123 

97 

120 

94 

112 

83 

-5 

128 

104 

11 

"̂ Methodology for calculations presented in Appendix A, NC = not calculated. 
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'Table 4,. Geotherfnetrie calculations* of minimum reservoir temperatures for selected 
ithermal 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 
l i t e r s / m i n , ' 

Measured 
•temperature' 
:°C 

•Na:K 

'Na:K:.Ca 
1/3 e 
' c 

Na:K:Ca 
4/3 3 -

Na:K:Ca 
Mg corrected 
°C 

Si02 

conductive 

Si02 

adiabatic 
°C 

Si02 

chalcedony 
°C 

Si02 

opal 
°C 

. 1 0 0 

' • ' ' • 

:;• 2 1 

y p . - ^ • 
218-^ ' 

190 

92 

38 

113 

112 

84 

-4 

.pumped . 

17 

•145 

.. ,207 

336 

. 136 

107 

107 

78 

-9 

100+ ..: 

: 59 

•:; '.82; -. 

• 100 
i 

52 

82 

133 

. 129 

105 

13 

- 100+ 

68 

85 

143 

220 

..-'i 

105 

133 

129 

105 

13 

100+ 

67 

244 

188 

58 . 

113 

138 

134 

112 

18 

100+ 

23 

196 

170 

70 

50 

117 

115 

88 

-1 

*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 

Harney Lake Spit Spring 

Flow rate 
liters/min. 

Measured 
temperature 

°C 

Na:K 

°c 

Na:K:Ca 
1/3 3 

°C 

Na:K:Ca 
4/3 3 

°C 

Na:K:Ca 
Mg corrected 

°C 

Si02 

conductive 

°C-

Si02 

adiabatic 

°C 

Si02 

chalcedony 

°C 

Si02 

opal 
0^ 

Adobe Flat Well 

pumped 

17 

242 

268 

i 

311 

148 

126 . 

123 

98 

7 

Thompson Well 

pumped 

24 

194 

176 

87 

68 

127 

124 

99 

NC 

• 

14.5 

122 

119 

37 

61 

97 

98 

67 

-18 

*Methodology for calculations presented in Appendix A, NC == not calculated. 
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however, preliminary examination seems to indicate the waters are controlled 

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 

• .1 • ;-

chemical composition of rocks in the recharge zone and duration of subsurface 

circulation', ,,. ' -. 

The second group of waters is from the area surrounding Harney Lake in 

the southwest corner of the study area. These waters are generally higher 

in total dissolved solids (233-10,616 mg/1), lower in Ca:Mg ratios (0.45-6.1), 

inconsistent in silica concentrations through the sampling temperature range 

(29.4-120 mg/1), lower in calcium content (0.1-37 mg/1), and slightly inconsistent 

in calculated minimum reservoir temperatures. Geologic control for these waters 

is likewise difficult to define; however, preliminary indications seem to show 

they are controlled by the intersection of the Rattlesnake collapse caldera 

and the Brothers fault zone structural trend. Differences in chemical con

stituents are probably due to the relative abundance of sediments and silicic 

rocks through which the water must circulate before it reaches the surface. 

Detailed geochemical sampling of springs and wells throughout the southern 

Harney Basin is needed before a realistic thermal-regime model can be attempted. 

This is apparent in a cursory examination pf estimated reservoir temperatures 

(Table 4 ) , some of which are nearly 400 C, which indicates that a large number 

df springs and wells have either reacted strongly with wall rock or mixed with 

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

The temperature-gradient and heat-f low resul ts for the south Harney Basin • 

are as shown in Table 5. Includedj in the table are the township/range-section 

and la t i tude and longitude locat ion of each hole. In add i t ion , the hole name, 

date o f logging used, and co l l a r elevation are included for each hole. The 

bottom hole temperature, maximum depth, corrected temperature gradient, and, 

where avai lab le , corrected heat flow are pr inted in blue on Plates I- IV. These 

values are also l i s t e d in the tab le , as are the depth in terva l and average thermal 

conduct iv i ty used for ca lcu lat ion of the gradient and heat f low. The values are 

given in SI un i ts . To transform un i ts , the fo l lowing conversion factors were used: 

1 X 10'^ cal/cm^sec (HFU) = 41.84-mWm"^, 1 x 10"^ cal/cm sec°C (TCU) = 0.4184 

Witl" K" , and 1 C/km = .1 mKm = 18.2 F/100 f t . Corrected gradient and corrected 

heat flow are values for which the topographic ef fects have been removed. These 

are not s i gn i f i can t for most of the s i tes studied. 

The holes are ranked in terms of the qua l i ty of the gradient or heat-f low 

information: high qua l i t y (A), good qua l i ty (B), marginal qua l i t y (C), data wi th 

some problems (D), and data for which no useful temperature gradient or heat flow 

can be estimated (X). A l l thermal-conductivi ty measurements were made'on cu t t ing 

samples. 

Most data in the south Harney area have been obtained in holes d r i l l e d as 

water wells or mineral explorat ion holes, so the thermal-conduct ivi ty values,are 

estimated (parenthesis) or based on one or two cut t ing samples from surface spoi l 

p i l es . Several holes were d r i l l e d and the results published by the USGS (holes 
i • , . • , . - • 

S l , S2, S3, MR-1, and MR-2 in Sass and others, 1976), Holes pref ixed BFZ-75 were 

d r i l l e 'd by DOGAMI (BR-75 holes in Hull and others, 1976). The background gradient 

and heat flow for the area are about-60-80°C/km and 60-80 mWm"̂ , Several anomalous 
! . - • • • 

B̂y. D. D. Blackwell, Southern Methodist University, Dallas, Texas, 
.:-. • - 7 
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Table 5, Geothermal-gradient data, south Harney Basin, Oregon 

Bottom Depth Uncorr, Corr. 
Twn/Rng- N Lat. W Long Hole # Collar 
Section Deg.Min. Deg.Min. Date Elev. 

24S,-'33E-
9D 

24S/32E-
23DD 

43-30^00 118-39.00 S3 1255 

43-28.30 118-43,90 *LflWEN 1256 

24S/34E- 43-29.00 118-35.00 S2 
19C 

1262 

24S/'33E- 43-26.60 118-36,80 CRfiNE 1257 
35PID 7/21x'75 

25S/31E- 43-26.20 119- 1,10 BFZ-7511 1262 
4BB 9/'16/75 

25S/'33E- 43-25.-90 118-38.50 BFZ-7501 1274 
. 3BD 11/22/75 

25S/33E- 43-25.23 118-38.30 PlDAtiS 1259 
10Bfl 5/14/80 

25S/33E- 43-25,20 118-37-70 ROSSBERG ...1257, 
'IIBBB " "" - - - - - . ,̂  ..6/12/75. 

25S/33E- 43-24,73 118-39.78 WSB-1 1250 
9Cft 5/14/80 

25S/S3E- 43-24.48 llS-38,52 WSB-3 1254 
10Cr: 5/14/80 

25S/.33E- 43-24,45 118-39.28 RRFORD 3 1250 
9CD 5/14/80 

25S/33E- 43-24.45 118-40.05 fiRFORD 2 1250 
9CC 5/14/80 

25S/33E- 43-24.40 118-37.18 WSB-4 1254 
IICD 5/ 8/S0 

25S/33E- 43-24.32 118-38,53 ARFORD i 1250 
16RB 5/14/80 

Temp. Interval Avg. TC # Gradient Gradient 
(OC) (m) Wm~^K~^ TC °C/km °C/km 

Corr, 
HF 

20<91 

20.27 

11,49 

16.04 

50i22 

.,15̂ 75, 

17; 82 

14.01 

27,95 

22.30 

11.62 

18.83 

40.0 
203.0 

75.0 
150,0 

60.0 
183,0 

30.0 
85.0 

42.5 
60,0 

10,0 
28.6 

.0 
37.0 

•.. , 0 

65:0 

.0 
65,0 

10.0 
51.5 

,0 
165,0 

.0 
61.0 

10,0 
57.0 

5.0 
107.5 

.88 

( .96) 

i 88 

( .96) 

1.30 

1.00 

- ( ...-96) 

82.0 
1.0 

60.9 
7,4 

69.5 
,5 

80.0 
7.1 

30,9 
2,5 

188,3 
18,9 

82.0 
1.0 

60.9 

69.5 
.5 

80.0 

30,9 

188.3 

60,0 r 
70,0' 

60; 0-
'70,0 

( 59,0) C 59.0) 

45.3, 
5,9 

( 84,0) ( 84,0) 

(136.0) (136.0) 

9,2 
2,5 

> 45.0 

mWm' -X 

7,1 

59 

63 

Q 
HF 

fi 

ft 

75 B 

42 

188 B 

.X 

58=- —• C. 

..D . 

25S/31E- 43-22,00 119- 2,00 Sl 1266 50.0 .88 81,0 81,0 71 B 
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Table 5. Geothermal-gradient data, 

N. La.t. 2 W Long Hole'.?. -r^Collar 
Deg.Min. Deg.Min. Date Elev., 

south Harney Basin, Oreqon-
Botrom Depth 
Temp. Interval Avg. TC 
( ° C ) (m) Wm--^K~' 

190,0 

Continued 
Uncorr. 

# Gradient 
TC °C/km 

1.0 

Corr. 
Gradient 
°C/km 

1.0 

Corr. 
HF 

mWm~ 
Q 
HF 

26S/30E- 43-21.10 119- 7.00 BFZ-7510 1273 13,30 7.5 
3BB 9/16/75 30,0 

1.00 8 47.6 47.6 ( 4 6 ) 

25S/34E- : 43-20,25 118-35.25 WINDYPTl 1257 11.28 10.0 
31CC 5/ 8/80 30.0 

26S/33E- 43-20,22 118-36,70 WINDYPT2 1253 19.46 10.0 
2CD 5/ 8/80 58,0 

26S/33E- 43-19.25 118-36.43 WINDYPT3 1252 15.53 S.0 
. IIDC 5/ 8/80 45.0 

26S/33E- 43-18,52 118-34.93 N TMPSON 1257 22,31 10.0 
13DPI 5/ 8/80 52.0 

-26S/30E- 43-17.70 119---8;70 BFZ-7508 1250 12,26 10.0 
20DC 9/29/75 25.0 

26S/33E- 43-15.78 118-36,97 DfiUIS 1 1254 10,86 10.0 
35CC 5/ 7/80 34,5 

27S/30E- 43-13.18 118-56.00 HP-10 1280 23.30 25,0 
13CD 6/ 8/73 60,0 

^ 60.0 
!̂  130,0 
r 

27S/32E- 43-13,12 118-44.'20 UOLTflGE 1335 22.46 100.0 
23BB 5/13/93 190,0 

1.09 

.96 

.13 

1.30 

( .96) 

7,2 
1.4 

86.4 
4.2 

85.2 
3,9 

109.0 
37,0 

69,7 
1.8 

12.5 
1,8 

130.4 
2.5 

61,6 
1,5 

67,8 
.8 

69.7. 

119.6 
2.4 

58.4 
1,4 

68.8 

• • . - • • . . 

, ^75- . 

( 117) 

( 7 5 ) 

66 

.« 

C 

B 

C 

G 

X 

B 

B 

B 

27S/29E- 43-13,00 119-14,80 BFZ-750g 1400 
21ftC 9/29/75 

13,18 12,5 
45.0 

1,63 13 54.2 54,2 88 B 

27S/33E- 43-12.68 118-37.52 BECKLEY 1285 11.62 10.0 
20DB . 5/13/^ 60.5 

1.1 
3 . 8 

27S /30E- 4 3 - 1 2 . 6 0 1 1 9 - 2 . 2 0 HP 1250 . 2 2 . 5 0 4 6 . 0 
19DC 0/0/71 108,0 

( .96) 131.3 131.3 126 B 

27S/30E- . 43-12.53 118-59.72 HP-48 . 1289 -29,89 
21DDB 7/25/73 

10,0 
.35.0 

35.0 
110.0 

1,30 
.08 

.96 

.04 

9 

19 

223.2 
8.5 

132,9 
1.0 

223,2- ( 289) C 

132.8 130 C 

27S/30E- 43-12,05 llB-58.71 HP-1 '" 1320 21.'62 10.0 
27flCfl 7/26/73 65.0 

.96 

.13 
160.0 
1,8 

162.8 155 
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Tablo 5. ReothcriTial-'-irddient data, south Harney Basin, Oregon--Continu'ed 
Bottom Depth Uncorr. Corr. 

Hole #' Collar* Temp.- Interval- .Avg. ' TC .#,.... Gradient Gradient.. 
Date Elev.. (°C) ' (m) Wm'^K'^- TC .°C/km "C/km 

C o r r . 
HF 

mWrn""^ HF 

65.0 
75.0 

i.2d 55.0 
2,9 

( 71) 

27S/30E- 43-11,52 118-57.24 HP-2B 1340 17.38 10.0 .96 
2 6 D C : B 7/26/73 57.2 .13 

117.9 
1.4 

130.3 126 B 

27S/30E- 43-11.25 118-56.50 HP-11 1258 14.63 10.0 1.09 
36BftC 8/ 8/75 45.0 

73.1 
1.3 

73.1. 79 

27S/33E- 43-10.80 118-39.60 BFZ-7502 1282 
33CB 11/22/75 

11.29 10.0 
30,0 

( -1.3) 
4.3 

- 1 . 3 X 

27S/30E- 4 3 - 1 0 . 6 0 118 -57 .00 BFZ-7507 1259 
36CC 9 / 1 6 / 7 5 

16.12 10.0 
67.5 

.96 2 88.4 
2.1 

88,4 S4 B 

28S/30E- 43- 8,20 118-56,30 HP-12 1265 13,45 20,0 ( .96) 
13DA --• • 7/22/75 25.0 

82,0 

28S/32E-
36GE 

ro, 
- • • J O 

29S/32E-
6B 

43-5,30 1-18-43.10 BFZ-7503 
9/16/75 

43- 5.30 118-49.40 MR-l 

1277 13 .80 

29S/31E- 4 3 - 5 , 2 0 1 1 8 - 5 0 . 9 0 MR-2 
2B 

1262 

1260 

29S/32E- . 4 3 - - - . 1 0 1 1 8 - 4 4 . 9 0 BF2-7504 . 1326 - 1 7 . 1 3 
34DC 9 / 1 6 / 7 5 

20.0 
37.5 
37,5 
50,0 

56,4 
64,0 

40,0 
91,0 

57,9 
62,5 

89.3 
92.0 

60.0 
100,0 

,0 

•10.0 
25,0 

25,0 
52,0 

1.30 

.92 

.07 

.92 

.07 

.99 

.02 

.92 

.03 

.95 

.02 

' 

1.63 

1,09 

5 

4 

4 

4 

4 

8 

. 4..-

3 

( 39,4) 
5,4 

( , 2,4) 
2,1 

89,0 
1,0 

96.0 

65.0 
2.0 

83.0 
3.0 

74.2 
,8 

.- 84.0 - -
5.1 

140.2 
7.7 

-, 39.4 

2,4 

89.0 
1,0 

96,0 
,6 

92,0 

65.0 
2.0 

83.0 
3.0 

74.2 
,8 

87.0 

-84,0 •-

140.2 

88.0 

50 

82 
6 

88 
6 

84 

64 
2 

76 
3 

71 
1 

71 

138 

155 

146 

C 

C 

R 

fi 

A 

fl 

R 

fl 

fl 

,fi-

R 

R 



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

t i ve l y i den t i f i ed two geothermal resource areas based on geology, geophysics, 

geochemistry, and sparse geothermal-gradient .data. They are (1) the area 

surrounding the town of Crane (Plate I I ) and (2) the area immediately surrounding 

Harney Lake (Plates I , I I I , and IV) , Preliminary resul ts indicate both of these 

areas may have reservoir temperatures in the,moderate range (100-150 C), S i te -

speci f ic analyses of these two areas should be; carr ied out in one f i e l d program and 

include the fo l lowing recommendations: 

1, Detailed (scale of 1:24,000 or less) geologic and photogeologic mapping of 

Crane and Harney Lake geothermal areas - - to i den t i f y and evaluate act ive 

thermal structures and areas of recent hydrothermal a l t e r a t i o n , 

2, Detailed sampling and analysis of hot and cold springs and we l l s , including 

isotope and gas analyses - - to determine f l u i d flow di rect ions and provenance 

and to determine precise reservoir condit ions, 

3, Closely spaced complete Bouguer and residual grav i ty anomaly studies - - to 

delineate possible act ive thermal structures or in t rus ives below surface un i ts . 

4. Several r e s i s t i v i t y traverses (e i ther d ipo le-d ipo le , roving d ipo le , or t e l l u r i c ) 

normal to mapped structures ,-- to fu r ther define the thermal regime. 

5. A micro-earthquake/contemporary seismic study of the ent i re Harney Basin, 

making use of a high-gain seismometer array - - to define the seismic i ty of 

the area in re la t ion to geothermal systems. 

6. A program of twenty to t h i r t y 500- f t gradient /s t rat igraphy holes, fol lowed 

by a program of f i ve to ten 2,000-f t holes - - to mod^l heat flow and d i rec t l y 
t 

tes t geothermal aqui fers. 
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APPENDIX A 

Formulas used in calculat ions 

Na:K (rev ised): ' 121_Z 073 15 ( F o u r n i e r , 1979) 
t °C = logTNa7Ky+ 1.483 '^ '^ '^^ vrourmer, \^izi) 

Na:K:Ca: „ 1647 
t °C = 2 24 T F (T) • ̂^̂ •''̂  (Fournier and Truesdell, 1973), 

where F (T) = log (Na/K) -̂  [ B log (/Ca/Na) ], 

e = 1/3 if t> 100°C, and 4/3 if t <100°C, 

t C = calculated reservoir temperature, 

and concentrations are expressed in molality. 

Magnesium correction ratio: 

(milliequivalents Mg) « -.QQ 
R = (milliequivalents Mg) + (milliequivalents Ca) ->• (milliequivalents K) 

If R <5 or >50, no calculation was made. For R between 5-50, 

At|̂  = 10,66-(4,7415) (R) + [(325,87) (log R)^] - [(1,032 X 10^) (log R)^/T] -

[(1,968 X 10^) (log R)^/T^] + [(1,605 X 10^) (log R)^/T^], 

where R = magnesium correction ratio expressed in equivalents, 

'̂ M̂a ~ ̂ ^® temperature correction that is subtracted from 

the Na:K:Ca 1/3 6 calculated temperature, 

T = Na:K:Ca 1/3 B calculated temperature in °K, 

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

SiOp temperature calculations (Fournier and Rowe, 1966): 

SiO^ (conductive), t°C - 5719 -Hog { S ^ O ^ ' ^^^-IS 

SiO^ (adiabatic), t°C - 5,75 f^^og (SiO^) ' ̂ ^3.15 

SiO^ (chalcedony), 1032 070 nr 
t̂ 'C = 4,69 t log (SiO^) " ^"^-^^ 

Si02 (opal), , 731 97^ ic 
. t"c = 4,52 + log (SiO^) " ̂ •̂̂ •'̂ ' 

; , f 
v/here SiO2 is expressed in mg/1. 
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APPENDIX B • 

Geothermal-gradient data 

L8CATI t3^^ : 

neuE 
DATE 

DEPTH 
METERS 

5 . 3 
1 0 . 0 
1 5 . 0 
20»0 
2 5 . 0 

' 30.D 
3 5 . 0 
'•O'O 
1*5.0 
5 0 . 0 
55 «C 
6 0 . 0 
6 5 . 0 
7 0 . 0 
75.D 
8 0 . 0 
8 5 . 0 

CRANE/ S R E G O N 
2<»S/33E-35AD 

NU'^BERl 
^iEASUf^EDJ 7 / 2 1 / 7 5 

DEPTH 
FEET 

l 6 . 4 
3 2 . 8 
i»9.2 
6 5 . 6 
8 2 . 0 
98.*+ 

11'+.8 
. 1 3 1 . 2 
U 7 . 6 

. U ' f O 
ISO. ' * 
1 9 6 . 8 
2 1 3 . 2 
2 2 9 . 6 
?U6 .0 
2 6 2 . ' * 
2 7 8 . 8 

TE'̂ ^^ER-* 
UtG C 

•• 1 3 . 2 3 0 
13 .64 0 
1 4 . U O 
14.75D 
1 5 . ? 9 : 
15 .S70 
16.35w 
1 6 . 8 1 0 
1 7 . 1 3 0 
1 7 . 4 8 0 
17 .9SJ • 
18.'•TO 
i 9 « 0 1 3 
19 .3S0 
19«800 
20"OOO 
2 0 . 2 7 0 

JURE 
OEG F 

5 5 . 8 1 
5 6 . 5 5 
5 7 . 4 5 
5 8 . 5 5 
5 9 . 5 2 
6 0 * 5 7 
6 1 . 4 3 
6 2 . 2 6 
6 2 . 8 3 
6 3 . 4 6 
6 4 . 3 6 
6 5 . 2 5 
66o22 
6 6 . 8 8 
6 7 . 6 4 
6 8 . 0 0 
6 8 . 4 9 

GEeTHeRMAt 
OEG C/KM i 

• 0 
8 2 . 0 

lOO'O 
i 2 2 » 0 
105*0 
116«0 

96«0 
9 2 * 0 
6 4 . 0 
70«0 

130*0 
9 8 * 0 

108*0 
7 4 * 0 
8 4 * 0 
4 0 * 0 
5 4 . 0 

; QRADJEN 
DEG F /10 

•0 
4o5 
5 . 5 
6 . 7 
5 . 9 
^ . 4 
5 . 3 
5*0 
3 . 5 
3*8 
5 . 5 
5»4 
5 . 9 
' • . I 
4»6 

' 2 . 2 
3 . 0 

FT 
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.0 *" 

D 
E P 7-

H 

E 
T 
E 
R 
S 

ISQ.G 

TEnPER.̂ TUREs DEG C 
& 0 

Q a 

a a 

r « 

T 4 

« • 

27S/32E-23BB B 4 

Q 4 

a 4 

" k U ' Z (27S/3-JP-23DB) 

' - « 

' K R ' l (25S/33E-11F.3) 

• 2<^3/32-iE-23DD 
7>Zl^-75 

' CR-] (22S/32E-3^CC) ' 

a 

22S/32E-3/iCC 

2^/32|E-23Dr) 

^ . D 



tecATieN; DeuBuE«>8 LEG/ 
25S/31E-4B'3 

H9UE NUMBER: BR'»75''ll 
DATE MEAS'JREDJ 9/16/75 

DEPTH 
HETERS 

2.5 
5.0 
7.5 
10.0 
12.5 
15.0 
17.5 
20.3 
22*5 
25.0 
27.5 
30.0 
32.5 
35.3 
37.5 
40 .0 
42.5 
45.0 
t7 »5 
50.0 

• 52.5 
55.3; 
57.5 
60.:.-0-

DEPTH 
FEET 

8.2 
16.4 
24.6 
32.8 
41.0 . 
49.2 
57.4 

• 65.6 
73.8 
82.0 
90.2 
98.4 

136.6 
114.8 
123.0 
131.2 
139.4 
147.6 
155.8 
164.0 
172.2 
180.4 
188.6 
196.8 

8REQ8S' 

TEMPERATURE 
OEG C 

13.343 
10.513 
10*243 
13*463 
10*483 
10*493 
10.493 
10*540 
10*540 
10*553 
10*633 
10*653 
13*703 
10*753 
13*813 
10*883 
10<'953 
11*030 
11*103. 
11*183 
11*270 
11*323 
11*410 
11*493 

DEQ F 

56.01 
50.92 
50.43 
50*83 
50*86 
50*88 
50*88 
50*97 
50*97 
50*99 
51*08 
51.17 
51.26 
51.35 
51.45 
51*58 
51*71 
51.85 

. 51.93 
52.12 
52*29 
52«38 
52.54 
52.68 

GteTHERMAU GRADIE>JT 
OEG C/KM OEQ F/lOO FT 

•1132 
-138 

88 
8 
4 

20 

4 
20 
20 
20 
20 
24 
28 
28 
32 
28 
32 
36 
20 
36 

.0 
•62.1 
-5*9 

4*8 
.4 
.2 
»0 

1*1 
*0 
.2 

1*1 
1*1 
i*.l 
1*1 
1*3 
i . 5 
1.5 
1*8 
1*5 
1.8 
2 .0 
1.1 
2 .0 
1.8 
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UQCATION; DIAMBND LEG* 9REG8N 
25b/33E-3BD 

H8LE NUMBER: BR-75-1 
DATE MEASURED: 11/22/75 

DEPTH 
METERS 

2.5 
5.3 
7.5 
10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.3 
27.5 
28.6 

DEPTH 
FEET 

8.2 
16.4 
2*̂ *6 
32*8 
41.0 
49.2 
57.4 
65.6 
73.8 
82.0 
90*2 
93i8 

TEMPERATURE 
DEQ C 

12*453 
12*153 
11*983 
12*433 
12*953 
13*583 
14.393 
14.573 
15.133 
15*603 
15.913 
16»343 

OEG F 

54.41 
53.87 
53*56 
54.37 
55.31 
56.44 
57.35 
58.23 
59.23 
60*08 
60*64 
60*87 

GtSTHERrt 
DEQ C/KM 

.0 
-120*0 
-68*0 
180*0 
208*0 
252*0 
204*0 
192*0 
224.0 
188*0 
124.0 
118*2 

Al, GRADIEN 
OEG F/101 

: . o 
-6.6 
•a.? 
9.9 
11.* 
13.6 
11.2 
10.5 
12.3 
10.3 
6*8 
6.5 
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E 
P 
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^ . 0 

TEFIPERATURE, .DEG -Q 

\ - S^-75-1 (25S/33E-3PD) 
11/22^75 

a 

a 

a 

25S/33E-3BD 

O B B 

e M 

a 't' a ta 

a -̂  a B n 

m * a n o 

• * 30S/31E-^*" " 
s 2 3 H : K a 

a • 

a » 

a K 

• a^-75-2 (27S/33E-33CB) 
1 1 / 2 2 / ^ 

« BR-75-S {28S/32E-36GC) 
8/12^75 

° BR-75-^ (29S/32E-34DC) 
9 /1S/75 

* a^ -75-5 (30s/3ii:-23BC) 
% 9 /16 /75 

^ BR-75-6 (32S/32E-16BA) 
9 /1S/75 

•*-28S/32E-3ADC 

32S/32E-16BA 

2 1 . Q 



LOCfiTIONs BURNS flMS, OREGON 
25S/33E-10Bfl 

HOLE NAME: PDflMS 
DflTE MEASURED! 5 / 1 4 / 8 0 

DEPTH 
METERS 

15.0 
20.0 
25.0 
30.0 
35.0 
37.0 

DEPTH 
FEET 

49.2 
65.6 
82.0 
98.4 
114.8 
121.4 

TEMPERATURE 
DEG C 

47,860 
48,620 
49.260 
49,790 
50,170 
50.220 

DEG F 

118.15 
119,52 
120,67 
121,62 
122,31 
122,40 

GEOTHERMflL GRADIEK 
DEG C/KM DEG F/10« 

0,0 0,0 
152,0 8,3 
128,0 7i0 
106.0 5,8 
76.0 4,2 
25,0 1.4 
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i 
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L8CATleNj CRANE, eREGBN 
25S/33E«11BBB 

HOLE NUMBER! KR-1 
DATE MEASURED? 6/12/75 

DEPTH 
METERS 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50*0 
55.0 
60*0 
65.0 

DEPTH TEMPERATURE QEOTHfiRflAt: GRADIENT 
FEET DEG C DEG F OEQ C/KM OEG F/JOO FT 

16.4 13*953 57.11 .Q .Q 
32.8 13.973 57.15 4«0 .2 
49.2 13*973 57*15 '0 '0 
65.6 13*973 57.15 'O .0 
82*0 13.983 57.16 2*0 .1 
98.4 13.963 57.13 •4.0 ••2 

114.8 13*993 57.18 6*0 ' 3 
131*2 14*393 57.90 80*0 <••'> 
147.6 14.443 37.99 iQ.Q '5 
164.0 15*200 59.36 152*0 3.3 
180*4 15*443 59.79 48.0 2.6 
196.8 15.613 60*10 34*0 1.9 
2l3»2 15*753 60*35 28*0 l»5 
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LOCflTIONi BURNS AMS, OREGON 
25S/33E- 9Cfl 

HOLE NAME' WSB-1 
DflTE MEASURED: 5/14/80 

- DEPTH 
-- METERS 

5.0 
10,0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45,0 
50,0 
55.0 
60,0 
65,0 

DEPTH 
FEET 

16,4 
32.8 
49.2 
65.6 
82.0 
98,4 
114,8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 

TEMPERflTURE 
DEG C 

17.180 
17.270 
17.310 
17.320 
17.380 
17.430 
17.490 
17.530 
17,580 
17,600 
17,670 
17.700 
17.820 

DEG F 

62.92 
63.09 
63.16 
63,18 
63,28 
63,37 
63,48 
63,55 
63,64 
63.68 
63.81 
63.86 
64.08 

GEOTHERMflL GRfl 
DEG C/KM DEG 

0.0 
18,0 
8,0 
2,0 
12,0 
10,0 
12,0 
8,0 
10,0 
4.0 
14.0 

• 6.0 
24.0 

ID I EN' 
F/10( 

0.0 
1.0 
0,4 
0.1 
0.7 
0.5 
0.7 
0,4 
0,5 
0,2 
0,8 
0.3 
1.3 
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LOCATIONS BURNS AMS, OREGON 
25S/33E-10CD 

HOLE NAME! WSB-3 
DATE MEASURED: 5/14/80 

DEPTH 
METERS 

10,0 
15.0 
20.0 
2 5 . 0 
3 0 . 0 
3 5 . 0 
4 0 , 0 
4 5 . 0 
5 0 . 0 
5 1 . 5 

DEPTH 
FEET 

3 2 . 8 
- 4 9 . 2 

6 5 . 6 
8 2 . 0 
9 8 . 4 

114 .8 
131 .2 

. 147 .6 
164 .0 
168 .9 

TEMPERATURE 
DEG C 

12.070 
12 .410 
12 .810 
13 ,050 
13 ,260 
13 ,540 
13 .740 
13 ,860 
13 ,940 
14 ,010 

DEG F 

5 3 , 7 3 
5 4 , 3 4 
5 5 , 0 6 
5 5 , 4 9 
5 5 . 8 7 
5 6 . 3 7 
5 6 , 7 3 
5 6 , 9 5 
5 7 , 0 9 
5 7 . 2 2 

GEOTHERMflL 
DEG C/KM 

0.0 
6 8 . 0 
8 0 , 0 
4 8 . 0 
4 2 , 0 
5 6 . 0 
4 0 , 0 
2 4 , 0 
16 .0 
4 6 . 7 

GRADIEK 
DEG F/10( 

0 . 0 
3 . 7 
4 , 4 
2 . 6 
2 . 3 
3 , 1 
2 , 2 
1.3 
0 . 9 
2 . 6 

I 
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DEPTH 
METERS 

LOCATION: BURNS flMS, OREGON 
25S/33E- 9CD 

HOLE NAME: ARFORD 3 
DATE MEASURED: 5/14/80 

DEPTH TEMPERATURE 
FEET DEG C DEG F 

GEOTHERMflL GRADIENT 
DEG C/KM DEG F/100 FT 

Ul' 
GO 

5.0 
10.0 
15.0 
20,0 
25,0 
30,0 
35,0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 

' 80."0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
•150.0 
155.0 
160.0 
165,0 

16.4 
32.8 
49.2 
65.6 
82.0 
98.4 
114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246.0 
262.4 
278.8 
295.2 
311.6 
328.0 
344.4 
360.8 
377.2 
393.6 
410.0 
426.4 
442.8 
459.2 
475.6 
492.0 
508.4 
524.8 
541.2 

27.020 
£7.020 
27.020 
27.030 
27.040 
27,060 
27,090 
27.120 
27.130 
27.160 
27.190 
27.210 
27.190 
27.250 
27.260 
27.290 
27.300 
27.330 
27,340 
27,350 
27,500 
27.510 
27.540 
27.620 
27.800 
27.860 
27.890 
27,920 
27.930 
27.940 
27.970 
27.960 
27.940 

80.64 
80.64 
80.64 
80.65 
80.67 
80.71 
80.76 
80,82 
80,83 
80,89 
80,94 
80,98 
80,94 
81,05 
81,07 
81,12 
81,14 
81,19 
81.21 
81.23 
81.50 
81.52 
81; 57 
81.72 
82.04 
82.15 
82.20 
82.26 
82.27 
82.29 
82.35 
82.33 
82,29 

0,0 
0,0 
0,0 
2.0 
2.0 
4.0 
6,0 
6,0 
2.0 
6.0 
6.0 
4.0 
-4.0 
12.0 
2.0 
6.0 
2.0 
6.0 
2.0 
2.0 

. 30.0 
2.0 
6.0 
16.0 
36.0 
12.0 
6.0 
6.0 
2.0 
2.0 
6.0 
-2.0 
-4,0 

0,0 
0,0 
0,0 
0,1 
0,1 
0,2 
0,3 
0.3 
0.1 
0.3 
0.3 
0.2 
-0,2 
0.7 
0.1 
0.3 
0.1 
0.3 
0.1 
0.1 
1.6 
0.1 
0.3 
0.9 
2.0 
0.7 
0.3 
0.3 
0.1 
0.1 
0.3 
-0.1 
-0.2 
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LOCATION: BURNS flMS, OREGON 
25S/33E-11CD 

HOLE NAME: WSB-4 
DATE MEASURED: 5 / 8 /80 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT -
METERS FEET DEG C DEG F DEG C/KM DEG .F/100 FT 

10 .0 3 2 . 8 11 .130 5 2 . 0 3 0 . 0 0 , 0 
15 ,0 4 9 . 2 11 .200 5 2 . 1 6 14 ,0 0 , 8 
2 0 , 0 6 5 . 6 11 .360 5 2 , 4 5 3 2 , 0 1,8 
2 5 , 0 8 2 . 0 11 ,450 5 2 , 6 1 18 ,0 1,0 
3 0 , 0 9 8 . 4 11 .490 5 2 . 6 8 8 . 0 0 . 4 
3 5 . 0 114 .8 11 .500 5 2 . 7 0 2 . 0 0 , 1 
4 0 , 0 131 ,2 11 ,520 5 2 . 7 4 4 . 0 0 . 2 
4 5 . 0 147 .6 11 .540 5 2 . 7 7 4 . 0 0 . 2 
5 0 . 0 164 .0 11 .570 5 2 . 8 3 6 . 0 0 , 3 
5 5 , 0 180.4 11 .600 5 2 . 8 8 6 . 0 0 . 3 
5 7 . 0 187 .0 11 .620 52 .92 1 0 . 0 0 . 5 

Ul 
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LOCATION: BURNS AMS, OREGON 
25S/33E-16AB . . 

HOLE NAME: flRFORD 1 
DATE MEASURED: 5/14/80 

DEPTH 
METERS 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
107.5 

DEPTH 
FEET 

lS.4 
32.8 
49.2 
65.6 
82.0 
98-. 4 
114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246.0 
262.4 
278.8 
295.2 
311.6 
328.0 
344.4 
352.6 

TEMPERATURE 
DEG C; 

14.270 
14.600 
14,940 
15.150 
15,200 
15,210 
15,210 
15,280 
15,390 
15,440 
15,530 
15,580 
15,620 
15.680 
15.750 
15:830 
15.970 
16.800 
17.640 
18.200 
18.550 
18.830 

DEG F 

57.69 
58.28 
58.89 
59.27 
59.36 
59.38 
59.38 
59.50 
59.70 
59.79 
59.95 
60.04 
60.12 
60.22 
60,35 
60,49 
60.75 
62.24 
63.75 
64.76 
65.39 
65.89 

, GEOTHERMAL GRP 
DEG C/KM DEG 

0̂ 0 
66.0 
68.0 
42.0 
10.0 
2.0 
0.0 
14.0 
22.0 
10.0 
18.0 

. 10.0 
8.0 
12.0 
14.0 
16.0 
28.0 
166.0 
168.0 
112.0 
70.0 
112.0 

IDIEN' 
F/10( 

0.0 
3.6 
3.7 
2.3 
0.5 
0.1 
0.0 
0.8 
1,2 
0,5 
1,0 
0,5 
0,4 
0,7 
0,8 
0,9 
1,5 
9,1 
9.2 
6.1 
3.8 
6.1 
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LOCAT) oW: 00U8L&-0 UCG^ dfteGOW 
25-3/30E-3BB 

H8LE NUMBER: BR-75-lO 
DATE MEASURED: 9/16/75 

DZPTH 
METERS 

2 . 
5 . 
7. 

1 0 . 
1 2 . 
1 5 . 
17 . 
23 -
2 2 . 
2 5 . 
2 7 . 
3 0 . 

>b 
, o 

I b 

>0 
>5 
.3 
l b 

' iV 

l b 

iO 

'b 
•3 

DEPTH TE^iPERATyRE GE9THERMAL GRADIENT 
rEET DEG C DEG F DEC C/KH OEG F/lOO FT 

8*2 14.163 . 57.49 .0 .0 
16.4 11.943 53.49 -aSS.O -vi.7 
?4.6 12.233 54.01 116.0 *̂'» 
i2.8 12.483 54.46 130.0 5*5 
>+1.0 12.613 54.70 b2..0 2.9 
49.2 12.323 55.38 i'+.O '•*6 
57.4 12*893 55.20 2S.0 1*5 
65.6 12.983 55.36 .36.0 2.3 
73.8 13.393 55*56 •••4.0 2.4 
82.0 13.183 55.72 36*0 2*0 
^0*2 13.253 55*85 28.0 1*5 
98.4 13.303 55.94 23*0 1*1 

61 
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LOCATION: BURNS AMS, OREGON 
25S/34E-31CC 

HOLE NAME: WINDYPTl 
DflTE MEASURED: 5/8/80 r' 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT 
METERS FEET DEG C DEG F DEG C/KM , DEG F/100 FT 

10,0 32,8 11,140 52.05 0.0 0.0 
15,0 49,2 11,150 52,07 2,0 0.1 
20.0 65.6 11,160 52.09 2,0 0,1 
25,0 82,0 11,230 52,21 14,0 0.8 
30.0 . 98.4 11.280 52.30 10.0 0.5 
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LOCATION: BURNS AMS, OREGON 
26S/33E- 2CD 

HOLE NAME: WINDYPT2 
DATE MEASURED: 5 / 8/8© 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT . 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10 .0 3 2 . 8 15 .510 5 9 . 9 2 0 . 0 0 . 0 
15 .0 4 9 . 2 15 .890 6 0 , 6 0 7 6 , 0 4 , 2 
2 0 , 0 6 5 , 6 1 6 , 2 5 0 . 6 1 . 2 5 7 2 . 0 4 . 0 
2 5 . 0 8 2 . 0 16 .610 6 1 , 9 0 7 2 , 0 4 , 0 
3 0 , 0 9 8 , 4 16 ,940 6 2 , 4 9 6 6 . 0 3 . 6 
35 ,0 114 ,8 17 ,500 6 3 , 5 0 112 ,0 6 . 1 
40 .0 131 .2 18 .060 6 4 . 5 1 112 .0 6 , 1 
4 5 , 0 147 .6 18 ,530 6 5 , 3 5 9 4 , 0 5 , 2 
5 0 . 0 164 .0 18 .980 6 6 . 1 6 9 0 . 0 4 . 9 
5 5 . 0 180 .4 19 .320 6 6 , 7 8 6 8 , 0 3 , 7 
5 8 , 0 190 ,2 19 ,460 6 7 . 0 3 4 6 . 7 2 . 6 
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LOCATION: BURNS AMS, OREGON 
26S/33E-11DC 

HOLE NAME: WINDYPT3 
DflTE MEflSURED: 5 / 8 /80 

DEPTH 
METERS 

5,0 
10,0 
15,0 
25.0 
30.0 
35.0 
40.0 
45.0 
48.0 

DEPTH 
FEET 

16.4 
32.8 
49.2 
82.0 
98.4 
114.8 
131.2 
147.6 
157.4 

TEMPERflTURE 
DEG C 

12.180 
12.480 
12.790 
13.790 
14.240 
14.670 
15.090 
15.450 
15.530 

DEG F 

53.92 
54.46 
55.02 
56.82 
57.63 
58.41 
59.16 
59.81 
59.95 

GEOTHERMflL 
DEG C/KM 

0.0 
60.0 

. 62.0 
100,0 
90.0 
86.0 
84.0 
72.0 
26.7 

GRflDIEN' 
DEG F/101 

0.0 
3.3 
3.4 
5.5 
4.9 
4.7 
4.6 
4.0 
1.5 

cn 
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LOCATION: BURNS AMS, OREGON 
26S/33E-13DA 

HOLE NAME: N TMPSON 
DflTE MEflSURED: 5/ 8/80 

DEPTH . DEPTH TEMPERflTURE GEOTHERMflL GRflDIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10.0 32.8 17.740 63.93 .0.0 0.0 
15.0 49.2 18.280 64.90 108.0 5.9 
20.0 65.6 19.160 66.49 176.0 9.7 
25.0 82.0 20.950 69.71 358.0 19.6 
30.0 98.4 21.680 71.02 146.0 8.0 
35.0 114.8 21.680 71.02 0.0 0.0 
40.0 131.2 21.880 . 71.38 40.0 2.2 
45.0 147.6 22.080 71.74 40.0 2.2 
50.0 164.0 22.230 72.01 30.0 1.6 
52.0 170.6 22.310 72.16 40.0 - 2.2 
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U8CATI9N; DBUBLE-8 LEG* eREG8N 
- 26S/30E-2DD& 

H9LE NUMBER! 8R-75-8 
DATE MEASURED: 9/29/;5 

DETPTH DEPTH TEHPERATyRE GL9THERMAI, GRADIENT 
METERS FEET OEG C DEG F OEG C/KM OEG F/lQO FT 

5.3 16.4 13.313 65.42 .0 *0 
7.0 P4.6 10.935 . 51*68 -830*0 -45.5 
10.3 Z32,ti 11.215 52.19 112.0 6*1 
12.b 41.0 11*333 52.39 46.0 2.5 
15.0 49.2 11.365 52.46 14.0 '8 
17.5 57.4 11.723 53.13 142*0 7.8 
20.3 65.6 12*085 53.75 146.0 3.0 
22.5 73.8 12*395 53.77 . 4*0 •£ 
25*0 ,-̂ 2.0 12.263 54.37 66.0 3*6 

71 
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LOCflTION: BURNS AMS, OREGON: 
26S/33E-35CC 

HOLE NAME: DflUIS 1 

10.0 32.8 10.570 51.03 . ©-^ ®-| 
ib w 492 10,630 51.13 1|.| %•]. 
20 0 65 6 -10,670 51.21 8.0 0.4 
il:! 82 0 10.720 51.30 ||.0 f-5 
30 0 - 98.4 10.850 51,53 2|-| 1-4 
34 5 113.2 10.860 51.5S 2.2 0.1 

•--4 

CO 



0 

TEMPERflTURE. DEG C 
10 

G 

Q 

G 

Q 

G 

Q 

DflViS 1 
G 26S/33E-35CC 

5/ 7/80 

15 

CO 
Q: 
LU 
I— 
LU 

50 

CL 
LU 
CD IQO 

150 



. tn 

LOCATION: BURNS AMS, OREGON 
27S/32E-23BB 

HOLE NAME: UOLTflGE 
DATE MEflSURED = 5 / 1 3 / 8 0 

DEPTH 
METERS 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90,0 
95.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
150.0 
155.0 
160.0 
165.0 
170.0 
175.0 
180.0 
185.0 
190.0 
191.5 

DEPTH 
FEET 

32.8 
49.2 
65.6 
82.0 
98.4 
114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246.0 
262.4 
278.8 
295.2 
311.6 
328.0 
344.4 
360.8 
377.2 
393.6 
410.0 
426.4 
442.8 
459.2 
475.6 
492.0 
508.4 
524.8 
541.2 
557.6 
574.0 
590.4 
606.8 
623.2 
628.1 

TEMPERATURE 
DEG C 

11.910 
12.270 
12.260 
12.480 
12.690 
12.830 
13.090 

. 13.380 
13.550 
13.930 
14.230 
14.540 
14.830 
15.000 
15.170 
15.370 
15.560 
15.930 
16.380 
16.760 
17.120 
17.470 
17.800 
18.140 
18.480 
18.850 
19.170 
19.520 
19.850 
20.180 
20.530 
20.890 
21.260 
21.580 
21.880 
22.160 
22.420 
22.460 

DEG F 

53.44 
54.09 
54.07 
54.46 
54.84 
55.09 
55.56 
56.08 
56.39 
57.07 
57.61 
58.17 
58.69 
59,00 
59,31 
59,67 
60,01 
60,67 
61. 48 
62.17 
62.82 
63.45 
64.04 
64.65 
65.26 
65.93 
66.51 
67.14 
67.73 
68.32 
68.95 
69.60 
70.27 
70.84 
71.38 
71.89 
72.36 
72.43 

GEOTHERMAL 
DEG C/KM 

0.0 
72.0 
-2.0 
44.0 
42.0 
28.0 
52.0 
58.0 
34.0 
76.0 
60.0 
62.0 
58.0 
34.0 
34.0 
40.0 
38.0 
74.0 
90.0 
76.0 
72.0 
70.0 
66.0 
68.0 
68.0 
74.0 
64.0 
70.0 
66.0 
66.0 
70.0 
72.0 
74.0 
64.0 
60.0 
56.0 
52.0 
26.7 

GRADIEN' 
DEG F/101 

0.0 
4.0 
-0.1 
2.4 
2.3 
1.5 
2.9 
3.2 
1.9 
4.2 
3.3 
3.4 
3.2 
1.9 
1.9 
2.2 
2.1 
4.1 
4.9 
4.2 
4.0 
3.8 
3.6 
3.7 
3.7 
4.1 
3.5 
3.3 
3.6 
3.6 
3.8 
4.0 
4.1 
3.5 
3.3 
3.1 
2.9 
1.5 
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1.8CATI8M' DBuBLE-e tEG> eREGBN 
2 7S/2.9E-S1AC 

HSLE NUt̂ BEf*' 5R-75-9 
DATE MEASURED: 9/29/75 

DEPTH 
METERS 

5 . 3 
7 . 5 

• 1 0 . 0 • 
: i 2 . b 

l 5 . 0 
1 7 . 5 
2 0 . 3 

• 2 2 . 5 
• 2 5 . 3 

2 7 . 5 . 
3 0 . 0 

: 3 2 . 5 
, 3 5 . 3 • 
3 7 . 5 ^ 
4 0 . 3 

• 4 2 . 5 
•45 .0 

DEPTH 
rEET 

. 1 5 . 4 
2 4 . 6 
3 2 . 8 
4 1 . 0 
4 9 . 2 
i 7 . 4 
6 5 . 6 
7 3 . 8 
8 2 . 0 
9 0 . 2 
9 8 . 4 . 

• l o b . 6 
ll'-*.8. 

, 1 ? 3 . 3 
1 3 1 . 2 
1 3 9 . 4 
1 4 7 . 6 

TE'^PE 
PEG G 

1 2 * 6 5 3 
1 1 . 6 5 3 
1 1 . 1 4 3 
11 . -+23 
1 1 . 6 3 3 
1 1 * 7 7 3 
1 1 . 8 8 3 
11 * 97 3 
1 2 * 3 7 3 
1 2 * 1 9 5 
11^* 32 J 
1 2 « 4 5 3 
1 2 . 6 3 3 

, 1 2 . 7 3 3 
1 ^ . 8 6 3 
1 3 . 3 1 3 
1 3 * 1 8 3 

:RATijRt : 
DEG F 

5 4 . 7 7 
52 
52 
52 
5 2 . 
5 3 
5 3 . 
5 3 
53 
5 3 
54 < 
54 
54 

s** 
55 
55 

. 9 7 
• 35 
. 5 6 
. 9 3 
•19 
' 3 8 
' 5 5 
. 7 3 
' 9 5 
I S 

' 4 1 
. 6 8 
•91 
' 1 5 
•42 

5 5 * 7 2 

GE9TH 
OEG C/K 

*0 
- 4 3 0 * 0 
- 2 3 4 * 0 

1 1 2 * 0 
3 4 . 0 

5 6 . 0 
• •4 .0 
3 6 * 0 
4 0 . 0 
5 0 * 0 
3 2 * 0 
5 3 * 0 
6 0*0 
5 2 ' 0 
3 2 . 0 
6 0 * 0 
6 8 * 0 

9THERMAU GRADIENT 
OEG F/lOO FT 

. 3 
- 2 2 . 3 
• 1 1 . 2 

5 . 1 
4.6 
3 . 1 
2 . 4 
2 . 0 
2 . 2 
2 . 7 
2 . 9 

, 2 * 7 
3 . 3 

' 2*9 
2 ' 9 
3 . 3 
3*7 
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LOCflTION: BURNS AMS, OREGON 
27S/33E-20DB 

HOLE NAME = BECKLEY 
DATE MEASURED: 5/13/80 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT 
METERS FEET DEG C DEGF DEG C/KM DEG F/100 FT 

10.0 32.8 11.420 52.56 0.0 0.0 
15.0 49.2 11.420 52.56 0.0 0.0 
20.0 65.6 11.420 52.56 0.0 0.0 
25.0 82.0 11.430 52.57 2.© 0.1 
30.0 98.4 11.430 52.57 0.0 0.0 

,35.0 114.8 11.430 52.57 0.0 0.0 
40.0 131.2 11.390 52.50 -8.0 -0.4 
45.0 147.6 11.380 52.48 -2.0 -0.1 
50.0 164.0 11.380 52.48 0.0 0.0 
50.0 164.0 11.380 52.48 0.0 -0.0 
55.0 180.4 11.210 52.18 -34.0 -1.9 
60.0 196.8 11.620 52.92 82.0 4.5. 
60.5 198.4 11.620 52.92 0.0 0.0 
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LBCATieN: 0IAM8ND LEG/ eREG©N 
27S/33E-33CB 

HOLE NUMBER.* BR-75-2 
DATE MEASURED: 11/22/75 

DEPTH 
METERS 

2.5 
5.0 
7.5 

io;.o 
12.5 
15.0 
17,5 
20.0 
22*5 
25.0 
27.5 
30*0 
30*5 

DEPTH 
FEET 

8.2 
16.4 ] 
24.6 ] 
32.8 1 
41.0 ] 
49o2 : 
57.4 ] 
65.6 3 
73.8 i 
82.0 3 

,, 90*2 1 
98<.4 : 
100*0 3 

TEMPERATURE 
DEG C 

L2*570 
L2*760 
11*810 
11*360 
Ll*350 
11*350 
11*310 
11*330 
H«290 
11*283 
11*293 
11*283 
11*290 

DEG F 

54*63 
54.97 
53*26 
52*45 
52*43 
52.43 
52*36 
52.39 
52*32 
52.30 
52*32 
52«30 
52*32 

GE8TH&RMAU 
OEG C/KM 

*0 
76*0 

-380*0 
-180*0 
-4*0 

• 0 
-16»0 
8*0 

-16»0 
•4*0 
4*0 
-4*0 
20*0 

GRADIENT 
OEG F/lOO FT 

*0 
4»2 

• 20.9 
-9.9 
-.2 
*0 

-.9 
.4 

-.9 
-o2 
.2 

-.2 
1*1 
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uecATiON: ceyore BUTTE^ 
?7s/30.E-36CC 
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DATE MEASURED: 9/16/75 

QRESeN 

DEPTH. 
METEf^S 
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5.3. 
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17.5 
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"35.0 --
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<*5.0' 
47.5 
50.0 
52*5. 
55.0 . 
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62,5 
65.D 
67.5 

DEPTH 
FEET 

8.2 
16.4 
24.6 
32.8 
41*0 
49.2 
57.4 
65.6 
73*8 
32.0 
90*2 
98.4 

136,6 
114.8 
123,0 
131*2 
139,4 
147.6 
155.8 
164.0 
172*2 
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OEG C 
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10*673 
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13.230 
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GEOTHERMAU 
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*0 
-688*0 
156*0 
148*0 
54*0 
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116*0 
164*0 
40*0 
72*0 
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84*0 
38*0 
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76*0 
34.0 
68*0 
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*0 
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4*2 
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5.0 
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LOCATION: C9Y9TE BUTTES, OREGON 
28S/30E-130A 

H8UE NUMBER: MP-I2 

DATE MEASURED: 7/22/75 

MFTERS °rrP> ^̂  TEMPERATjRE GE8THERMAU GRADIENT 
METERS FEET D E Q C D E Q F DEQ C/KM DEG F/100 

p2'S tl't 13*040 55*47 .0. .0 
2^'° 82*0 13*450 56.21 32*0 4,5 

85 



..a 
0.0 

TEMPERATURE» IG C 21.0 

edYOTE BJTTE, QF^KIS 
« a ^ - 7 5 - 7 (27S/30E-36CC) 

9/l&/'75 

oo 

D 
E 
P 
T 
H 
9 - • • 

M 
a 

• 

o 28S/30E-13DA 
7/22/75 

s.. 

.B 

no.o 
I .1 

—J 



t.eCATI8N: DIAM3ND LEQ/ SREGON 
28S/i2E-36CC 

HBLE NUMBER: BR-75-3 
DATE'MEASURED: 8/12/75 

DEPTH DEPTH TE'^PERATuRE GERTHERMA^ GRADIENT 
METERS FEET DEQ C DEG F OEG C/KM DEG F/100 FT 

20*0 65,6 12*990 55*38 *0 *0 
22.5 73.8 13*050 55*49 24*0 1*3 
25.0 82.0 13*123 55*62 28*0 1*5 
27.5 90*2 13*200 55*76 32*0 1*8 
30.0 98.4 13*300 55*94 40*0 2*2 
32.5 106.6 13.430 56.17 52*0 2*9 
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DATE MEASURED? 9/16/75 

OEPTH 
METERS 

2*5 
5< 
7. 

10. 
12. 
15. 
J7. 
20. 
22. 
25. 
27. 
30 < 
32;. 
35. 
37. 
40* 
42. 
45-. 
47. 
50. 
52. 
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INTRODUCTION 

The study area is located at the southern end of a large, quas i -c i rcu lar 

topographic low in central eastern Oregon known as the Harney Basin (Figure 1) . 

Limits of the study area were a r b i t r a r i l y determined according to the bounda

r ies of avai lable U.S. Geological Survey (USGS) topographic maps as 43 00' on the 

south, 43°30' on the nor th , 118°30' on the east, and 119°30' on the west. This 

study, performed under U.S. Department of Energy Contract No. DE FC07-79ET27220, 

was undertaken to estimate the geothermal potent ia l of the area, using various 

methods including compilation of ex is t ing data, reconnaissance geologic map

ping, lineament analys is, well and spring geochemistry, and accrual of geo

thermal-gradient data. 

Geographically, the study area is comprised of a roughly c i r c u l a r , re la -

2 2 

t i ve l y f l a t , c l osed drainage basin that covers an area of 21,000 km (8,100.mi ). 

Included w i th in the basin are volcanic mounds surrounded by mountainous high

lands. Drainage w i th in the basin is in to several closed desert lakes, inc lud- . 

ing Malheur, Harney, and Mud Lakes, through S i lv ies River from the nor th , 

Donner und Bl i tzen River from the south. Warm Springs Creek from the west, and 

Malheur Slough from the east. Total r e l i e f w i th in the basin is less than 9 m 

(30 f t ) , to ta l r e l i e f in the highlands more than 500 m (1,600 f t ) . The only 

population centers are the small farming communities of Crane, Princeton Post 

Of f i ce , and Diamond, a l l in the eastern port ion of the study area. The remain-

der of the southern basin is comprised of swampy b i rd hab i ta ts , c a t t l e ranches., . 

and range land. • 

- 1 



Figure 1: Map showing location of study area. 



GEOLOGY 

Introduct ion ' 

The geologic study of the area (Plates I- IV) consisted of (1) a f i e l d 

check and minor revisions of a study of the western ha l f of the area by 

Parker (1974), and (2) an o r ig ina l reconnaissance study of the eastern ha l f 

of the area during the f a l l 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 F la t , Barton 

Lake, and Coyote Buttes 7J2-minute quadrangles. Li thologies were based on hamd speci

men i d e n t i f i c a t i o n s , l im i ted K/Ar ages (Table 1) , and avai lable bulk chemistry 

(Table 2) . Areal extents of various units and spec i f ic points were located 

by using Brunton compass and pacing; data were p lo t ted on USGS quadrangle maps 

without the aid of aer ia l photos. 

Volcanic strat igraphy 

The geology of the southern Harney Basin is comprised of a framework of 

two f l a t - l y i n g , extensive, late Miocene ash-flow sheets onlapping a regional 

un i t of ear ly Miocene f lood basalts. The ash f lows, in order of increasing 

age, are the Rattlesnake and Devine Canyon Ash-flow Tuffs (Walker, 1979). 

They are separated by discrete f l u v i a l - l a c u s t r i n e sedimentary un i t s , f lood 

basalts and the i r vents, and s i l i c i c in t rus ions. Trace-element studies by 

Parker and Armstrong (1972) indicate that the ash-flow t u f f s , the s i l i c i c 

in t rus ives , and the related mafic flows of the area form a bimodal composi

t ional assemblage. Though detai led relat ionships are unclear at th is t ime, 

at least one and possibly two .calderas are present. in the study area,, one .. 

located beneath Malheur and Harney Lakes being the>source of the Rattlesnake 

ash-flow sheet (Blank, 1974; Walker, 1979). The oldest un i t recognized in . 

the f i e l d is that of the ear ly Miocene f lood basalts found along the eastern 



Table 1. Radiometric (K/Ar) ages of selected rocks of the southern Harney Basin 

Sample no.* 

PA-300 

PA-31 IB 

PA-146 

PA-119 

PA-250 

PA-316D 

PA-243 

G-165-68 

PA-330 

PA-311G 

W-2-70 

PA-6-70 

PA-214 

PA-160 

PA-41 

PA-158 

Location 

' l ' l9°04'18" 
43°03'06" 

'-
fe

 —
' 

oo
 t
o
 

o
 
o
 

o
 
ro
 

to
 r
o
 

o
 r
o
 

OJ
 
OJ
 

119°21'11" 
43 13'80" 

119°13'30" 
43°14'19" 

n9°03 '45" 
43^02'27" 

119°08'45" 
43 17'02" 

-f
e 
—'
 

00
 
to
 

o
 
o
 

o
 
o
 

-f
e 
oo
 

on
 -
fe
 

cn
 o
n
 

118°34'48" 
43°24'48" 

119°22'23" 
43°09'03" 

119°22'23" 
43°09'03" 

119°18'00" 
43 28'48" 

119°27'51" 
44°46'54 

119°18'00" 
43 30'18" 

119°28'00" 
43" l6 '30" 

n9°06 '34" 
43 20'24" 

119°!2'00" 
43°13'48" 

Rock type 

Basalt 

Welded t u f f 

Rhyolite 

Rhyolite 

High Al 
basalt , 

Rhyolite 

Welded t u f f 

Basalt 

Welded t u f f 

Welded t u f f 

Rhyodacite 

Welded t u f f 

Rhyolite-

Andesite 

A lka l i 
basalt 

Rhyolite 

Age** 

^^8.8+1.4 
1 

^^8.6+0.2 

j . 

^"8.4+1.3 

•J 

^8.2+0.12 

^7.9+0.9 

^7.<8+0.5 

1 

^/.'I+O.IC 

my 

my 

my 

my 

my 

my 

my 

Pe.91+1.09 my 

^^6.7+0.4 

^6:6+0.2 

^6.5+0.3 
°6vl+0.2 

^6:4+0.2 

f'S'. 6+0.4 
6.4+0.2 

^5 .••8+0.8 

*^2.8+0.2 

my 

my 

my 
my 

my 

my 
my 

my 

my 

JJ2.1+0.24 my 
"^2.7+0.4 my 

Stratigraphic unit 

Tmbh 

Tmtd 

Tmto 

Tmtp 

Tmbh 

Tmro 

Tmtr 

Tmbd 

Tmtr 

Tmtr 

Tmrp 

Tmtr 

Tmrp 

Tmbi 

Qtb 

Qtr 

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

** w- whole rock age; s - sanidine age; a - anorthoclase age; b - biotite age; 
p - plagioclase age; ps - partial separation age. _ 4 



Table 1. Radiometric (K/Ar) ages of selected rocks of the southern Harney Basin 
Continued 

Sample no.* 

PA-14 

G-32-67 

SH-4 

SH-12 

SH-105 

SH-106 

SH-106A 

SH-113 
1 

Location 

119°00'23" 
43°26'24" 

n9°00 '30" 
43°27'00" 

118°56'45" 
43 2'00" 

118°50'22" 
43°15'40" 

118°30'55" 
43°14'45" 

118°30'54" 
43°21'53" 

118°30'05" 
43 21'45" 

118°53'06" 
43°08'13" 

Rock type 

High Al 
basalt ; 

Basalt 

Andesite 

Basalt 

Rhyodacite 

Basalt 

Basalt 

Basalt 

Age** 

^2.6+0.3 my 

^2.38+0.07 my 

^16.7+0.6 my 

^2.91+0.38 my 

^11.3+0.5 my. 

Pl1.1+1.3 my 

P^9.44+0.8 my 

P^8.07+0.69 my 

Strat igraphic un i t 

Qtb 

Qtb 

Tmba 

Qtb (?) 

Tmrd 

Tmba 

Tmba 

Tmbhv 

* References: PA - from Parker and Armstrong, 1972; G - from Greene and others, 
1972; W - from Walker 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. 

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



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

Compo
nent 

SiO^ 

Ti02 

AI2O3 

FeO (Total Fe) 

MgO 

CaO 

Na20 

K2O 

Total 

Si02 

Ti02 

AI2O3 

FeO (Total Fe) 

MgO 

CaO 

Na20 

K2O 

Total 

SiOg 

Ti02 

AI2O3 

FeO (Total Fe) 

MgO 

CaO 

Na20 

K2O 

Total 

*References: P 

*P-159 
QTb 

48.5 

3.51 

12.6 

13.4 

6.2 

9.7 

3.8 

1.15 

98.26 

P-212 
QTb 

49.5 

1.45 

14.8 

11.0 

7.9 

10.9 

3.5 

0.32 

99.05 

P-184 
QTb 

50.2 

3.27 

13.1 

13.7 

5.5 

9.0 

3.9 

1.04 

99.71 

- from Par 

P-194 
QTmv 

48.6 

0.87 

16.9 

9.0 

9.1 

12.4 

2.6 

0.29 

99.47 

P-300 
Tmbh 

49.5 

1.72 

15.4 

12.0 

8.2 

10.5 

3.1 

0.42 

100.84 

P-199 
QTmv 

50.4 

1.52 

14.7 

ri.o 
8.0 

11.5 

3.4 

0.35 

100.87 

ker, 1974; 

P-14 
QTb;:, 

48.7 

1.43 

17.4. 

10.2 

8.4' 

11.2 ' 

2.8 

0.29 

100.42 

P-73-'4 
Tmbh 

49.5 

1.93 

15.5 

12.0 

6 .5 ' 

11.0; 

3.4 

0.32 

100.15 

P-19'3 
QTmv 

50.8 

1.14 

14.9 

10.̂ 5 

7.9 

12.-3 

3.1 

0.2-1. 

100.64 

G - from 

P-40 
QTmv 

48.7 

1.97 

16.3. 

9.7 

: 8.9 

12.0 

2.4 

0.26 

99.97 

P-52 
QTb 

50.0 

1.36 

15.6 

10.3 

10.0 

10.2 

2.8 

0.34 

100.60 

P-,44 
QTmv 

51.0 

0.83 

15.6 

9.2 

8.i5 

12.5 

3.0 

0.19 

100.63 

Greene, 1 

P-58 
QTb 

48.9 

1.47 

14.0 

10.8 

11.0 

10.3 

2.3 

0.38 

99.15 

P-41 
QTb 

50.1 

1.70 

15.0 

11.0 

7.1 

10.6 

3.0 

0.80 

98.50 

P-206 
QTmv 

51.2 

1.17 

14.4 

9.8 

8.2 

11.8 

3.0 

0.53 

100.13 

973. 

P-181 
QTb 

49.1 

1.60 

15.4 

9.4 

7.5 

10.9 

3.2 

0.32 

97.10 

P-250 
Tmbh 

50.2 

1.38 

17.1 

10.4 

8.2 

11.2 

2.7 

0.35 

101.53 

P-185 
QTb 

51.7 

2.82 

13.6 

12.6 

5.6 

8.5 

3.8 

1.28 

99.50 

- 6 -



Table 2. Bulk chemical composition of selected rocks ;of the southern Harney 
Basin--Continued. (Letters at top o f each column indicate sample number and 
map symbol for s t ra t ig raph ic un i t . A l l values are in weight percent.) 

Compo
nent 

Si02 

Ti02 

AI2O3 

FeO (Total 

MgO 

CaO 

Na20 

K2O 

Compo
nent 

Si02 

Ti02 

AI2O3 

FeO (Total 

MgO -

CaO 

Na20 

K2O 

Compo
nent 

Si02 

Ti02 

AI2O3 

FeO (Total 

MgO 

CaO 

Na20 

K2O 

Fe) 

Total 

Fe) 

Total 

Fe) 

*P-278 
Tmbh 

52.6 

1.07 

15.5 

10.0 

6.8 

10.6 

3.2 

0.82 

100.59 

P-146 
Tmro 

73.2 

0.47 

13.5 

2.65 

0.6 

1.41 

3.9 

4.71 

100.12 

P-245L 
Tmtr 

75.0 

0.20 

11.8 

2.7 

0.15 

0.6 

3.12 

6.3 

P-160 
Tmbi 

57.6 

1.25 

14.7 

8.6 

4.2 

7.0 

4.2 

2.0 

99.55 

P-119 
Tmtp 

73.8 

0.13 

11.7 

3.0 

0.15 

1.2 

4.45 

4.5-

9.7.93 
i -

P-214 
Tmrp 

76.0 

0.08 

12.9.; 

0.75 

p.4 
1.6. 

3.4 

4.88 

P-197 
QTmv 

63.7 

0.75 

12.2 

6.0 

4.1 

10.2 

L9 
1.9 

100.75 

P-215 
Tmrp 

73.9 

0.28 

13.6 

1.7 

0.5 

1.90 

3.4 

4.58 

99.76 

P-290 
Tmtr 

76.4 

0.13 

11.7 

2.7 

0.7 

0.35 

4.4 

4.28 

P-245D 
Tmtd 

71.3 

0.35 

13.4 

4.5 

0.41 

1.9 

3.85 

6.0 

101.71 

Total 99.87 100.01 100.66 

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



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

to 20.2 m.y?; a date taken for th is report i f rom Jackass Butte in the south-

central port ion of the map yielded an age of 16.7 m.y. The youngest rocks 

are the basalts associated wi th the Holocene Diamond Craters vent area for 

which there is a reported date of 15,000+2,000 years, as determined by hydra

t ion rind-.method (Norm Peterson, 1980, perjsonal. communication). These youngest 

rocks d i r ec t l y over l ie a second set of young f lood basalts which issued from 
, - • i 

vents mapped immediately south of Malheur Lake along what is probably a r ing 

f racture zone of the caldera mentioned above. A t h i r d group of young lavas 

are the extensive f lood 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 avai lable for th is study (Table 1) indicate a 

strong re la t ionship between age of basal t ic erupt ion, age of s i l i c i c event, 

and, i n two cases, age of ash-flow erupt ion. These age/modal re lat ionships 

are shown in the time-rock charts on the accompanying geologic maps (Plates 

I - IV ) . There are s t i l l , however, numerous small phreatic and subaqueous vents 

Which do not have lavas that can be dated and whose absolute age re la t ionsh ips , 

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

Structural geology 

Fault ing in the southern Harney Basin fol lows two general trends. The 

f i r s t is the Basin-Range trend (approximately north-south) which occurs in 

only a l im i ted area immediately north of Qrane in the extreme northwest corner 

of the map. The age of th is normal fau l t i ng is not clear. However, i t does 
r 

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

The second trend is the Brothers fault zone trend (N.25°-35°W.), which 

dominates the remainder of the: map and cuts all bedrock units present. 

-• 8 



including the 15,000-year-old Diamond Craters. A l l motion in th is trend 

appears to be d i p - s l i p . However, the presence of l a t e r a l - s l i p or obl ique-

s l i p f au l t i ng cannot be ruled out. Several authors (McLeod and others, 1975) 

feel the Brothers f a u l t zone may be, in f a c t , the surface expression of a 

r i g h t - l a t e r a l wrench system at depth. 

The intersect ion of the two f a u l t trends is in the southeast corner of 

the map (Plate IV) , in the Riddle Mountain-Diamond Craters area (a port ion of 

which remains unmapped). This area is a fau l t -shat tered zone which 

shows considerable coxcomb-like fau l t i ng on small spacing with short-per iod 
. . . • I 

monoclinal fo ld ing and ro ta t ing of the discrete blocks between indiv idual f au l t s . 

Two adjacent s t ructura l domes also occur in th is area, connected from dome crest 

to dome crest by a ho rs t - l i ke f a u l t ridge and separated by one, and possibly 

two, small s t ruc tura l basins. At the leading edge of th is zone is the Diamond 

Craters vent area, which, in i t s e l f , is cut by several fau l ts of the Brothers 

trend. Structural in te rp re ta t ion of th is complex area is d i f f i c u l t . I t seems 

that the structures are controlled by a local compressional regime and that 

Diamond Craters i s , in some way, closely related to the intense fau l t i ng and 

fo ld ing . 

Folding in the southern Harney Basin, wi th the exception of that p rev i 

ously described, is generally in the form of broad, shallowly dipping a n t i 

c l ines and synclines plunging toward the center of the basin. One such fo ld 

in the Crane area plunges west toward the basin. Here, the older ash-flow 

units and basalts have been down-folded and i n f i l l e d wi th 6.1-m.y.-old basal ts. 

This age is s l i g h t l y 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 ca l 

dera formation and subsequent volume loss. 

9 -



A lineament study (Plate V) prepared for this report shows a general one-

to-one corrpespondence of structural trends'with the mapped fault trends. I t 

also shows a number of lineaments which cross the alluvial-fil led basin but 

which could not be traced through geologic mapping. 

Individual blocks 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 i tself has been formed 

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 loss of material volume due to loss pfstored 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 lavas, a good correlation between structure and rock type and magnetic 

trends is clearly apparent. On the eastern portion of the map and correlative 

to the mapped Basin-Range fault trend discussed earlier in this report,a strong 

north-south magnetic 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 portion of the aeromagnetic map is dominated by intensive maxima over 

Diamond Craters and Coyote Buttes and a large 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 likelihood 

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 remainder of the map is dominated by the Brothers 

fault zone trend with isolated maxima and minima centered over mapped silicic 

and mafic volcanic vents. 

Detailed interpretation of structures and geothermal systems cannot be 

made on the basis of a single aeromagnetic survey. Proposals for future geo-

physical studies are included in the Conclusions and Recommendations of this 

report. 
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WATER CHEMISTRY 

During the period of this study, 22 wells and springs were sampled and 

their waters analyzed. Together with existing published analyses (U.S. 

Geological Survey and Oregon Department of (3eology and Mineral Industries, i 

1979; Leonard, 1970), a total of 28 analyses were available for evaluation 

(Table 3). These analyses were then used to calculate minimum reservoir 

temperatures .(Table 4), using standard formulae for geothermometry. The 
- ' 1 . • 

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 76 C and 

67 C for Crane Hot Springs and Harney Lake-Hot Springs, respectively, down 

to 15 -20 C for wells and springs bordering Harney Lake. 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 of 

waters are recognized. The first are from'the wells and springs near the 

town of Crane and the surrounding area and appear to have moderate total dis

solved solids (184-564 mg/T), high Ca:Mg ratios for the cooler waters (4.1-13), 

consistently moderate silica throughout the sampling temperature range (56.2-

93.2 mg/1) and consistently high amounts oi" calcium for the cooler waters 
- . I 

(13-28.6 mg/1). Calculated minimum reservoir temperatures for these waters 

(Table 4) are also consistently in the 90°-'120°C range. Geologic control for 

these waters is difficult to define in relation to the reconnaissance study; 
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Table 3. Spring and wellchemistry of the southern Harney Basin area. All 
measurements are in mg/1, except for pH or as indicated, nt = not tested; 
tr = trace. 

Dunn Ranch 
Well #1 

Dunn Ranch 
Well #2 

Soldier 
Spring 

Water Tank 
Spring 

Unnamed 
Spring 

Location 

Date sampled 

Temp. (° C) 

pH 

Conductance 
umhos/cm 

Alkalinity 
X, as mg/1 HCO., 
X" as mg/1 CaC03 

Hardness 
as mg/1 CaCO^ 

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg ^ 

Cl 

As 

B 

Li 

F 

Fe (total) 

Al 

HCO. 

PO 4 

SO, 

NO, 

NH, 

26S/30E/ 
33Ddd 

5/80 

, 26 

9.7 

1095 

457_ 

<1 

747 

120 

26S/30E/ 
33Ddd 

5/80 

19 

9.0 

1038 

416„ 

695 

29.4 

27S/29 E/ 
14Ccb 

10/80 

19.5 

8.03 

610 

nt 

<15 

452 

30 

27S/30E/ 
8Add 

10/80 

20.6 

8.7 

1350 

nt 

<15 

788 

33 

27S/29i2E/ 
35Cbb 

10/80 

14.5 

7.85 

2510 

,nt 

205 

1580 

39 

238 

1.5 

<G.01 

<0.01 

69.3 

0.086 

2.76 

<0.1 

9.0 

<0.05 

<0.10 

nt 

0.030 

25.6 

<0.02 

2.34 

250 

1-2 
0.9 

0.3 

22.8 

0.036 

3.85 

0.2 

10.3 

0.10 

0.10 

nt 

0.015 

47.0 

<0.02 

0.96 

80 

<2.72 

1 

<0.544 

36 

<0.600 

0.8 

<0.054 

2.1 

<0.027 

<0.680 

nt 

nt -

20 

nt 

0.4 

288 

<2.72 

2 

<0.544 

122 

<0.680 

4.3 

0.17 

8.0 

<0.027 

<0.680 

nt 

nt 

28 

nt 

0.3 

500 

18 

34 

19 

604 

<0.680 

6.8 

0.19 

2.8 

<0.027 

<0.680 

nt 

nt 

92 

nt 

1.3 
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Table 3. Spring and well chemistry of the southern Harney Basin area--Continued 
All measurements are in. mg/1^ except for pH or as indicated, nt = not tested; 
tr = trace. ' 

Location 

Date sampled 

Temp. (° C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
X, as mg/1 HCO. 
x" as mg/1 CaC03 

Hardness 
as mg/1 CaC03 

Total dissolved 
solids 

Si02 

Na 

K • 

Ca 

Mg 

Cl 

As 

B 

Li 

F 

Fe (total) 

Al 

HCO3 

PO4 

SO, 

NO3 

NH-

Soldier 
Well 

27S/29J2E/ 
l5Bdd 

10/80 

19.5 

7.99 

270 

nt 

70 

236 

51 

52 

7 

13 

4 

26 

<0.680 

0.6 

<0.054 

0.5 

<0.027 

<0.680 

nt 

nt 

15 

nt 

tr 

Sage Hen 
Creek Well 

24S/30E/ 
24Bcb 

5/80 

23 

7.9 

151 

' ' c 

18 

125 

41 

25.6 

1.6 

6.4 

0.5 

3.6 

0.030 

<0.20 

<0.1 

0.5 

<0.05 

<0.10 

nt 

0.033 

11.8 

<0.02 

0.03 

Crane 
Spring 

24S/33E/ 
34Caa 

8/31 

49 

nt 

nt 

nt 

nt 

nt 

nt 

nt 

nt 

2 

nt 

82 

nt 

nt 

nt 

nt 

nt 

nt 

173 

nt 

80 

1.4 

nt 

Crane 
Spring 

24S/ 33E/ 
34Caa 

9/68 

80 

8.3 

814 

nt 

nt 

536 

80 

170 

3.6 

3.8 

0.2 

78 

nt 

6.2 

nt 

9.3 

0.02 

nt 

199 

nt 

81 

nt 

nt 

Crane 
Spring 

24S/33E/ 
34Caa 

'72 

78 ' 

8.1 

810 ' 

202^ 

nt' 

nt 

83 

170 

3.9 

3.7 

0.1 

79 

0.09 

7.9 

0.09 

9.0' 

<0.02 

0.022 

202 

0.09 

86 

nt 

3.2 
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Table 3. Spring and well chemistry of the southern Harney Basin area--Continued 
All measurements are in. mg/l, except for pH or as indicated, nt = not tested; 
tr = trace. 

Crane 
Spri ng 

Island Ranch 
Well . 

Unnamed 
Spring 

Long Hollow 
Well 

Barnyard 
Spring 

Location 

Date sampled 

Temp. (° C) 

P.H 

Conductance 
ymhos/cm 

Alkalinity 
X, as. mg/l . HCO-
X",as mg/T CaCO^ 

Hardness 
as mg/l CaCO-

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg-

Cl 

As , 

B 

Li 

F 

,Fe (total) 

Al 

HCO3 

PO4 

SO4 ' 

NO, 

24S/33E/ 
34Caa 

'5/80 

76 

8.2 

750 

169 

564 

93.2 

.25S/32E/ 
7Bab 

,8/69 

41 

9.3 

1450 : 

nt 

nt 

957 

54 

NH3 

160 

3.5 

3.6 

0.1 

88 

0.145 

8.67 

0.1 

9.0 

<0.05 

0.10 

nt 

0.050 

78 

0.05 

0.73 

386 

4.4 

0.5 

0.2 

, 9 

nt 

nt 

nt 

19 

.nt 

nt 

674 

nt 

- 8 

0.1 

nt 

26S/29E/ 
31Cca 

5/80 

21 

8.0 

275 

105 • 

60 

233 

80.2 

26S/ 34E/ 
8Bdd 

5/80 

25 

7.8 

366 

105„ 

115 

282 

75.8 

27S/29E/ 
6Aaa 

5/80 

22 

8.1 

285 

112_ 

35 

237 

62.4 

38 

5.5 

12.2 

5.5 

23.5 

0.0.23 

0.65 

<0.1 

0.3 

<0.05 

<0.10 

nt 

0.032 

11.8 

0.72 

0.06 

28.8 

5.6 

28.6 

,4.5 

35.5 

0.016 

0.70 

<0.1 

0.3 

0.20 

0.38 

nt 

0.084 

28.2, 

0.02 

2.77 . 

52 

4.3 

8.0 

2.7 

,23.5 

0.035 

0.64 

<0.1 

0.6 

<0.05 

<0.10 

n t • 

0.034 

11.3 

0.67 

0.05 
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Table 3. Spring and well chemistry of the southern Harney Basin area--Continued 
All measurements are in mg/l, except for pH or as indicated, nt = not tested; 
tr = trace. 

Location 

Date sampled ' 

Temp. (° C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
X. as mg/l HCO., 
X" as mg/l CaC03 

Hardness 
as mg/l CaC03 

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg 

Cl 

As 

B 

Li 

F 

Fe (total) 

Al 
HCO3 

po; 

SO4 

NO3 

NH-

Warm Spring 
in Harney Lake, 

275/29% E/ 
36Cab 

5/80 

22 

8.7 

9280 

2000^ 
V,* 

23 

10615 

89.6 

2220 

68 

1.5 

3.3 

2400 

1.745 

53.4 

1.0 

8.9 

70.0 

125 

nt 

1.190 

474 

0.03 

1.46 

Unnamed 
Spring 

nsn9'r£i 
34Da 

5/80 

21 

7.9 

297 

103^ 

58 

251 

63.6 

36.8 

6.4 

13.1 

5.5 

25.0 

0.025 

0.61 

<0.1 

0.4 

<0.05 

<0.10 

nt 

0.032 • 

12.9 

0.75 

0.04 

Railroad 
Well 

25S/34E/ 
7Ddd 

5/80 

17 

8.2 

238 

' \ 

27 

184 

56.2 

39.6 

2.5 

8.7 

1.1 

7.4 

0.033 

0.55 

<0.1 

0.5 

<0.05 

<0.10 

nt 

0.027 

18.4 

0.03 

0.04 

Harney Lake 
Hot Spring 

27S/29J5E/ 
36Dda 

8/31 

59 

nt 

nt 

nt 

nt 

nt 

92 

622 

12 

13 

3 

562 

nt . 

nt 

nt 

nt 

0.03 

nt 

601 

nt 

140 

0.5 

nt 

Harney /Lake 
Hot Spring 

27S/29%E/ 
36Dda, 

'72 

68 " • 

7.26. 

2970 ^ . 

nt 

nt 

nt 

92 

630 

13 ' 

12 

1.8 

590 

0.6 

n , 
0.45 

3.3, 

0.05 

0.005 

566 

0.092 

140 

nt 

1.8; 
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Table 3. Spring and well chemistry of the southern Harney Basin area--Continued 
All measurements are in mg/l, except for pH or as indicated, nt = not tested; 
tr = trace. 

Harney Lake 00 Station Adobe Flat Thompson 
Hot Spring Spring Well Well 

Harney Lake 
Spit/Spring 

Location 

Date sampled 

Temp. (°C) 

pH 

Conductance 
ymhos/cm 

Alkal in i ty 
X. as mg/l HCO-
X" as mg/l CaC03 

Hardness 
as mg/l CaC03 

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg V 

Cl 

As 

'B 

Li 

, F 

' Fe (total) 

Al 

•HCO3 

% 

SO4 

NO3 

NH, 

27S/29%E/ 
36Dda 

5/80 

67 

7.7 

2700 

493_ 

43 

1777 

102 

26S/28E/ 
36Bdd 

5/80 

23 

8.0 

228 

85_ 

44 

186 

68 

27S/34E/ 
17Cbd 

5/80 

17 

8.1 

312 

120 

99 

237 

80.8 

26S/33E/ 
13ACC 

5/80 

24 

7.8 

442 

122 

82 

341 

83.2 

27S/29%E/ 
34Dbb 

10/80 

14.5 

8.5 

1090 

nt 

30 

654 

45 

53 

12 

12.8 

2.1 

623 

0.915 

12.07 

0.4 

3.0 

0.56 ' 

0.62 

nt 

0.294 

119.3 

0.02 

1.01 

31.2 

4.1 

10.8 

3.9 

17.6 

0 .019 . 

0.45 

<0.1 

0.2 

<0.05 

<0.10 

nt 

0.031 

6.7 

0.50 

0.05 

- 17 -

25.4 

5.7 

26.4 

3.1 

11.4 

0.014 

0.27 

<0.1 

0.4 

<0.05 

0.10 

nt 

0.029 

19.9 

0.51 

0.06 

63 

8.1 

19.9 

4.9 

55.8 

0.024 

1.24 

<0.1 

0.3 

<0.05 

<0.10 

nt 

0.013 

45 

• 0.92 

0.04 

208 

9 

4 
2 

163 

<0.680 

2.7 
1 

0.11 

1.5 

<0.027 

<0.680 

nt; 

nt 

58 

nt 

1.1 



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

Location 

Date sampled 

Temp (°C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
X, as mg/l HCO., 
X^ as mg/l CaCO^ 

Hardness 
as mg/l CaC03 

Total dissolved 
solids 

Si02 

Na 

K 

Ca 

Mg 

Cl . 

As 

B 

Li . 

F 

Fe (total) 

Al 

HCO3 

% 

SO4 

NO3 

NH-

Eagles Nest 
Spring #1 

27S/29%E/ 
25Aad 

10/80 

41.7 

7.12 

4750 

nt 

154 

3110 

55 

1207 

14 

30 

15 

466 

1.0 

17.1 

0.69 

2.1 

<0.027 

<0.680 

nt 

nt 

320 

nt 

5.6 

Eagles Nest 
Spring #2 

27S/29%E/ 
25Ada 

10/80 

28.1 

9.18 

1150 

nt 

:15 

632 

35 

240 

<2 

1 

<0. 

68 

<0 

3 

0 

7 

<0 

<0. 

nt 

nt 

23 

nt 

1. 

72 

544 

680 

1 

07 

2 

027 

680 

5 

Bathtub 
Spring 

27S/ 29%E/ 
.28Cac 

10/80 

51.1 

6.87 

3900 • 

nt 

170 

2096 

87 

682 

32 

37 

13 

848 

1 

13. 

0 

1 

0. 

<0. 

nt 

nt 

50 

nt 

1. 

'" 

0 

2 

87 
8 ' 

14 

680 

i.i 

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 
Spring Well 

5 40 

14.5 19.5 

112 197 

143 179 

130 89 

113 59 

91 127 

Flow rate 
liters/min; 

Measured 
temperature 

°C 

Na:K 

°C 

Na:K:Ca 
1/3 3 

°C 

Na:K:Ca 
4/3 6 

°C 

Na:K:Ca 
Mg, corrected 

°C 

Si02 

conductive 

°C 

Si02 

adiabatic 

°C 

Si02 

chalcedony 

°C 

Si02 

opal 
0^ 

Well #1 

100+ 

26 

38 

78 

75 

NC 

148 

141 

122 

26 

. Well #2 

10 

19 

28 

60 

34 

NC 

79 

•82 

47 

-34 

Spring 

. <1 

19.5 

109 

139 

124 

64 

79 

83 

48 

-33 

Spri ng 

20 

20.6 

52 

100 

122 

NC 

83 

86 

52 

-30 

93 124 

60 99 

-23 -13 

•̂ 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 Crane Island Eagle's Nest 
Creek Well Spring Spring Spring Ranch Well Spring #1 

Flow rate ;• 
liters/min. 

Measured 
temperature 

°C 

Na:K 

°C 

Na:K:Ca 
1/3 B 

°C 

Na:K:Ca 
4/3 3 

°C 

Na:K:Ca 
Mg.corrected 

°C 

Si02 

conductive 

°c 

Si02 

adiabatic 

°C 

Si02 

chalcedony 

°C 

Si02 

opal 
Or 

50 

23 

144 

136 

51 

124 

93 

95 

62 

-21 

100+ 

, 80 

86 

120 

109 

NC 

125 

123 

97 

6 

100+ 

78 

90 

124 

113 

NC 

127 

124 

99 

8 

100+ 

76 

87 

121 

109 

• NC 

133 

• 129 

106 

,13 

40 

41 

59 

120 

196 

115 

105 

106 

76 

-11 

40 

41.7 

60 

100 

99 

40 

106 

106 

77 

-10 

•̂ 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 

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

50 <1 pumped 100+ <1 

51.1 21 25 22 22 

127 203 228 162 104 

160 178 181 158 . . , 138 

160 79 59 84 131 

60 43 56 53 108 

130 125 122 112 131 

Flow rate 
l i t e r s / m i n . 

Measured 
temperature 

°C 

Na:K 

°C 

Na:K:Ca 
1/3 B • 

°C 

Na:K:Ca 
4/3.B 

°C 

Na:K:Ca 
Mg 'Corrected 

°C 

Si02 

conductive 

°C 

Si02 

adiabatic 

°C 

Si02 

chalcedony 

°C 

Si02 

opal 
Or 

5 

28.1 

59 

109 

140 

40 

86 

89 

55 

-27 

126 123 120 112 128 

102 97 94 83 . 104 

10 6 4 - 5 11 

"̂ Methodology for calculations presented in Appendix A. NC = not calculated, 
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.Table 4. Geothfe;rmetric ca lcu la t ions* 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 
• l i te rs /min . 

Measured 
temperature 
°C 

Na:K , 

.°c 
Na:K:Ca 
.-1/3 3 
°C 

Na:K:Ca 
4/3 B 
°C 

Na:K:Ca 
Mg corrected 
°C 

Si02 

conductive 
°C 

Si02 

adiabatic 
°C 

Si02 

chalcedony 
°C 

Si02 

opal 
°C 

, TOO 

• 2 1 
•• . y 

218 

190 

92 

38 

113 

112 

84 

-4 

. pumped 

77 

145 

207 

336 

136 

107 

107 

78 

-9 

100+ . 

59 

•J 

• '82 

• 100 
* . • 

52 

82 

133 

129 

105 

13 

100+ 

68 

85 

. ' 143 

220 

•j 

, 105 

133 

129 

105 

13 

100+ 

67 

244 

188 

58 

113 

138 

134 

112 

18 

100+ 

23 

196 

170 

70 

50 

117 

115 

88 

-1 

^Methodology for calculat ions 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 

Flow rate 
liters/min. 

Measured 
temperature 

°C 

Na:K 

°C 

Na:K:Ca 
1/3 B 

°C 

Na:K:Ca 
4/3 B 

°C 

Na:K:Ca 
Mg corrected 

°C 

Si02 

conductive 

°C 

Si02 

adiabatic 

°C 

Si02 

chalcedony 

°C 

Si02 

opal 
Or 

Adobe Flat Well 

pumped 

17 

242 

268 

311 

148 

126 . , 

123 

98 

7 

Thompson Well 

pumped 

24 

T94 

176 

87 

68 

127 

124 

99 

NC 
1 

Harney Lake Spit Spring 

<5 

14.5 

122 

119 

37 

61 

97 

98 

67 

-18 

*Methodology for calculations presented in Appendix A. NC = not calculated. 

23 



i n 

however, prel iminary examination seems to indicate the waters are cont ro l led 

by in tersect ion of Basin-Range f au l t i ng and the Rattlesnake collapse caldera, ^ 

previously..described in the section on geology. The di f ference in chemical, 

character o f various Harney Basin, waters is probably due to a di f ference in 

chemical composition of rocks in the recharge zone and duration of subsurface 

c i r c u l a t i o n . 

The second group of waters is from the area surrounding Harney Lake in 

the southwest corner of the study area. These waters are generally higher 

in to ta l dissolved sol ids (233-10,616 mg/1), lower in Ca:Mg ra t ios (0 .45-6.1) , 
• i 

inconsistent in s i l i c a concentrations through the sampling temperature range 

(29.4-120 mg/l), lower in calcium content (0.1-37 mg/ l ) , and s l i g h t l y inconsistent 

in calculated minimum reservoir temperatures. Geologic control fo r these waters 

is l ikewise d i f f i c u l t to def ine; however, prel iminary indicat ions seem to show 

they are cont ro l led by the in tersect ion o f ' t he Rattlesnake collapse caldera 

and the Brothers f a u l t zone s t ruc tura l t rend. Differences in chemical con

s t i tuents are probably due to the re la t i ve abundance of sediments and s i l i c i c . 

rocks through which the water must c i r cu la te before i t reaches the surface. 

Detailed geochemical sampling of springs and wells throughout the southern 

Harney Basin is needed before a r e a l i s t i c thermal-regime model can be attempted. 

This is apparent in a cursory examination of estimated reservoir temperatures 

(Table 4 ) , some of which are nearly 400°C, which indicates that a large number 

of springs and wells have e i ther reacted s';trongly with wall rock or mixed wi th 

meteoric or shallow evapor i te- r ich water while ascending. 
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GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA* 

The temperature-gradient and heat-f low resul ts for the south Harney Basin 

are as shown in Table 5. Included;in the table are the township/range-section 

and l a t i t ude and longitude locat ion of each hole. In add i t ion , the hole name, 

date of logging used, and co l l a r elevation are included for each hole. The 

bottom hole temperature, maximum depth, corrected temperature gradient, and, 

where ava i lab le , corrected heat flow are pr inted in blue on Plates I- IV. These 

values are also l i s t e d in the tab le , as are the depth in te rva l and average thermal 

conduct iv i ty used for ca lcu lat ion of the gradient and heat f low. The values are 

given in SI un i ts . To transform un i ts , the fo l lowing conversion factors were used: 

1 x 10"^ cal/cm^sec (HFU) = 41.84.mWm"^, 1 x 10"^ cal/cm sec°C (TCU) = 0.4184 

Wfti K~ , and 1 C/km = 1 mKm~ = 18.2 F/100 f t . Corrected gradient and corrected 

heat flow are values for which the topographic ef fects have been removed. These 

are not s i gn i f i can t for most of the s i tes studied. 

The holes are ranked in terms of the qua l i ty o f the gradient or heat-f low 

information: high qua l i t y (A), good qua l i ty (B), marginal qua l i ty (C), data wi th 

some problems (D), and data for which no useful temperature gradient or heat flow 

can be estimated (X). A l l thermal-conductivi ty measurements were made'on cut t ing 

samples. 

Most data in the south Harney area have been obtained in holes d r i l l e d as 

water wel ls or mineral explorat ion holes,, so the thermal-conduct iv i ty values are 

estimated (parenthesis) or based on one or two cut t ing samples from surface spoi l 

p i l es . Several holes were d r i l l e d and the resul ts published by the USGS (holes 
1 

S I , S2, S3, MR-1, and MR-2 in Sass and others, 1976). Holes pref ixed BFZ-75 were 

d r i l l e d by DOGAMI (BR-75 holes in Huill and others, 1976). The background gradient 

and heat flow fo r . the area are about'60-80°C/km and 60-80 mWm"̂ . : Several anomalous' 

^By D. D. Blackwell , Southern Methodist Univers i ty , Dal las, Texas, 
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Table 5. Geothermal-gradient data, south Harney Basin, Oregon 

Bottom Depth . Uncorr. .. Corr. Corr. 
Twn/Rng- N Lat. W Long Hole # Collar Temp.- Interval Avg. TC # Gradient Gradient HF Q 
Section ' Deg.Min. Deg,Min. Date Elev. (°C) (m) Win~^K~^ TC °C/km °C/kni mWm" HF 

24S/33E- 43-30^00 118-39.00 S3 1255 40.0 .88 82.0 82.0 71 ft 
9D 203.0 1.0 1.0 

24S/02E- 43-S8.30 118-43.90 *LflUIEN 1256 20.91 75.0 ( .96) 60.9 60^9 59 B 
23DD 150.0 7.4 

24S/34E- 43-28,00 118-35.00 52 1262 60.0 -88 69.5 69.5 63 ft " 
19C 183.0 .5 .5 

24S/'33E- 43-26.60 118-36.80 CRfiNE 1257 20.27 30.0 ( .96) 80.0 60.0 75 B 
35ftD 7/'21/-75 85.0 7.1 

25S/'31E- 43-26.20 119- 1.10 BF2-7511 1262 11.49 42.5 1.30 S 30.9 30.9 42 C 
4BB 9/16/75 60.0 2.5 

25S/'33E- 43-25.90 118-38.50 BFZ-7501 1274 16.04 10.0 1.00 2 188.3 168.3 188 B 
3BD ll/'22/'75 28.6 18.9 

25S/33E- 43-25.23 118-38.30 ftDfiMS 1259 50.22 .0 X 
10Bfl 5/14/80 37.0 

25S/33E- 43-25.20 118-37.70 ROSSBERG -.125? 15.75 -̂ .0 .-(--. 96 )..-..•.. • 60.0r,,. 60.0-- 58 ---..C -
IIBBB ''•"" "~ "" 6/12/75,. " '• 65.'0 70.0---. 70.0 

25S/33E- 43-24.73 118-39.78 I4SB-1 1250 17.82 .0 ( 59.0) ( 59.0) D 
9Cfi 5/14/80 65.0 

25S/33E- 43-24.48 118-38.52 WSB-3 1254 14.01 10.0 45.3 C 
10CE 5/14/80 51.5 5.9 

25S/33E- 43-24.45 118-39.28 fiRFORD 3 1250 27.95 .0 ' ( 84.0) < 84.0) D 
9CD 5/14/80 165.0 

25S/33E- 43-24.45 118-40.05 fiRFORD 2 1250 22.30 .0 (136.0) C136.0) D 
9CC 5/14/80 61.0 

25S/33E- 43-24.40 118-37.18 WSB-4 1254 11.62 10.0 9.2 X 
IICD 5/ 8/60 • 57.0 2.5 

25S/33E- 43-24.32 118-38.53 fiRFORD 1 1250 18.83 5.0 >45.0 - - - --- D. 
16fiB-. .̂ •' '5/14/80 . .. 107.5 - -

25S/31E- 43-22.00 119- 2.00 Sl 1266 50.0 .88 81.0 81.0 71 B 



Twn/Rng-
Sec t ion 
21D 

Table 5. Gfiothermal-aradient data, south Harney BaS'in, Oregon-
Bottom Depth 

N, Eat. W Long -Hole -.=- Collar 
Deg.Min. Deg,Min. Date Elev. 

Temp. Interval Avg. TC 
C O (m) 

190.0 

Wm"'K~-^ 

-Continued 
Uncorr. Corr. Corr. 

# Gradient Gradient HF 
TC °C/km °C/km mWm' 

1.0 1.0 

-i HF 

26S/30E- 43-21.10 119- 7.00 BFZ-7510 1273 
3BB 9/16/75 

13.30 7.5 
30.0 

1.00 47.6 47.6 ( 46) C 

25S/34E- 43-20,25 118-35.25 WINDYPTl 1257 11.28 10.0 
31CC 5/ 8/80 30.0 

26S/33E- 43-20.22 118-36.70 WINDyPT2 1253 19.46 10.0 
2CD 5/ 8/80 58.0 

26S/33E- 43-19.25 118-36.43 WINDYPT3 1252 15.53 5.0 
IIDC 5/ 8/^ 45.0 

26S/33E- 43-18,52 118-34.93 N TMPSON 1257 22.31 10.0 
13Dft 5/ 8/80 52.0 

-26S/30E- 43-17,-70 119--8..70 BFZ-7508 1250 12.26 10.0 
20DC 9/29/75 25.0 

26S/33E- 43-15.78 118-36.97 DflUIS 1 1254 10,86 10.0 
35CC 5/ 7/80 34.5 

27S/30E- 43-13.18 118-56.00 HP-10 1280 23.30 25.0 
13CD 6/ 8/73 80.0 

r!o 6®'® 
!̂  130.0 
I 

27S/32E- 43-13.12 118-44,'20 UOLTfiGE 1335 22.46 100.0 
23BB 5/13/e3 190.0 

27S/29E- 43-13.00 119-14.80 BFZ-750g 1400 13.18 12.5 
21fiC 9/29/7S 45.0 

27S/33E- 43-12.68 118-37.52 BECKLEY 1285 11.62 10.0 
20DB 5/13/^ 60.5 

1.09 

.96 

.13 
1.30 

C .96) 

1.63 13 

7.2 
1.4 

86.4 
4.2 

85.2 
3.9 

109.0 
37.0 

69.7 
1.8 

12.5 
1.8 

130.4 
2.5 

61.6 
1.5 

67.8 
•8 

54.2 

1.1 
3.8 

69.7^ . 

119.6 
2.4 

58.4 
1.4 

68.8 

54.2 

- 75-

( 117) 

< 75) 

66 

88 

X 

C 

B 

C 

C 

X 

B 

B 

B 

B 

X 

27S/30E- 43-12.60 119- 2.20 HP 1250 22.50 46.0 ( .96) 
19DC 0/0/71 108.0 

131.3 131.3 126 B 

27S/30E- 43-12.53 118-59.72 HP-48 • 1289 29.89 
21DDB 7/25/73 

10.0 
35.0 

35.0 
110.0 

1.30 
.08 

.96 

.04 

9 

19 

223.2 
6.5 

132.8 
1.0 

223.2 

132.8 

( 289) ^C 

130 C 

27S/30E- 43-12.05 118-58,71 HP-1 ' 1320 21.62 10.0 
27fiCfi 7/26/73 65.0 

.96 

.13 
160.0 
1.8 

162.8 155 



Twh/Rng-
S e c t i o n 

27S/30E-
26DCB 

27S/30E-
36BftC 

27S/33E-
33CB 

27S/30E-
36CC 

N L a t . 
Deg .Min . 

Tabic 5. 

W 'Long 
Deg .Min . 

neotherrrial-rjiMcMent d a t a , south Harney Basin , Oregon--Continue_d 
Bottom Depth 

Hofe # -Collar -- Temp. Interval 
Date Elev.. (°C) (m) 

^Ayg..TC 
Wm" 

.ij^-i 
TC 

43-11.52 118-57.24 HP-2B 1340 17.38 
7/26/73 

43-11.25 118-56.50 HP-11 1258 14.63 
8/ 8/75 

43-10.80 118-39.60 BF2-7502 1282 11.29 
11/22/75 

43-10.60 118-57.00 BFZ-7507 1259 16.12 
9/16/75 

65.0 
75.0 

10.0 
57.2 

10.0 
45.0 

10.0 
30.0 

10.0 
67.5 

1.^ 

.96 

.13 

1.09 

.96 2 

Uncorr. 
Gradien t 

°C/km 

55.0 
2 .9 

117.9 
1.4 

73.1 
1.3 

< -1 .3 ) 
4 .3 

88.4 
2 ,1 

Corr . 
Gradiep-t, 

°C/km 

130.3 

73.1 

- 1 . 3 

88.4 

• Corr . 
.HF 

mWm""*-

( 71) 

126 

79 

84 

Q 
HF 

c 

B 

B 

X 

B 

28S/30E- 43- 8,20 118-56.30 HP-12 1265 13,45 20.0 ( .96) 
13Dfl 7/22/75 25.0 

82.0 X 

28S/32E-
36GG 

ro 
•JO 

29S/32E-
6B 

29S/31E-
2B 

29S/32E-
34DC 

43- 5.30 118-43,10 BFZ-7503 1277 
9/16/75 

13.80. 

43- 5.30 118-49.40 MR-1 

43- 5.20 118-50.90 MR-2 

1262 

1260 

^ 3 - .10 118-44.90 BFZ-7504 
9/16/75 

-1326 - 17.13 

20,0 
37.5 

37.5 
50.0 

56.4 
64,0 

40.0 
91,0 

.0 

57.9 
62.5 

89.3 
92,0 

60,0 
100,0 
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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

t i ve l y i den t i f i ed two geothermal resource areas based on geology, geophysics, 

geochemistry, and sparse geothermal-gradient data. They are (1) the area 

surrounding the town of Crane (Plate I I ) and"(2) the area immediately surrounding 

Harney Lake (Plates I , I I I , and IV) . Preliminary resul ts indicate both of these 

areas may have reservoir temperatures in the-moderate range (100-150 C). S i te -

spec i f i c analyses of these two areas should be carr ied out i n one f i e l d program and 

include the fo l lowing recommendations: ' , 

1. Detailed (scale of 1:24,000 or less) geologic and photogeologic mapping of 

Crane and Harney Lake geothermal areas - - to iden t i f y and evaluate act ive 

thermal structures and areas of recent hydrothermal a l t e r a t i o n . 

2. Detailed sampling and analysis of hot and cold springs and we l l s , including 

isotope and gas analyses - - to determine f l u i d flow di rect ions and provenance 

and to determine precise reservoir condit ions. 

3. Closely spaced complete Bouguer and residual gravi ty anomaly studies - - to 

delineate possible act ive thermal structures or intrusives below surface un i ts . 

4. Several r e s i s t i v i t y traverses (e i ther d ipo le-d ipo le , roving d ipo le , or t e l l u r i c ) 

normal to mapped structures — to fur ther define the thermal regime. 

5. A micro-earthquake/contemporary seismic .study of the ent i re Harney Basin, 

making use of a high-gain seismometer array - - to define the seismic i ty of 

the area in re la t ion to geothermal systems. 

6. A program of twenty to t h i r t y 500-f t gradient /s t rat igraphy holes, followed 

by a program of f i ve to ten 2,000-f t holes - - to mod-̂ l heat flow and d i r e c t l y 

tes t geothermal aqui fers. 
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APPENDIX A 

Formulas used in calculations 

Na:K (revised): _ ^217 t °C = l ^ W y T T 4 8 3 - 273.15 (Fournier, 1979) 

Na:K:Ca: ^ ^J^^ r /x\ - 273.15 (Fournier and Truesdell. 1973). 
t C = 2 . 2 4 + h v ' J 

where F (T) = Ipg (Na/K) + [ 6 Ipg (/Ca/Na) ] , 

B = 1/3 i f t> 100°C, and 4/3 i f t <100°C, 

t°C = calculated reservpir temperature, 

and cpncentratipns are expressed in mplality. 

Magnesium correction ra t io : 

(milliequivalents Mg) » -IQQ 
R = (milliequivalents Mg) + (milliequivalents Ca) + (milliequivalents K) 

I f R <5 or >50, no calculation was made. For R between 5-50, 

At,̂  = 10.66-(4.7415) (R) + [(325.87) (log R)^] - [(1.032 X 10^) (log Rj^/T] -

[(1.968 X 10^) (log R)^IJ^2 + [(1.605 X 10^) (log R)^n^'\ , 

where R = magnesium correction ratio expressed in equivalents, 
At|̂  = the temperature correction that is subtracted from 

the Na:K:Ca 1/3 3 calculated temperature, 
T = Na:K:Ca 1/3 B calculated temperature in °K. 

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

Si Op temperature calculations (Fournier and Rowe. 1966): 

1 "̂ DQ 

SiO^ (conductive), ^o^ __ 57,9 -Hog (SiOp- " ^^^-IS 

SiO, (adiabatic), o^ _ r -,,- ., i^„ . r - r \ - 273.15 Z t C = 5.75 + log (SiOp) 

SiOp (chalcedony), ;1032 070 ic 
'̂  VC = 4.69 + log (SiO^) " '̂'''•'̂  

SiOp (opal), 731 „,„ ,. 
t"c = 4.52 + log (SiO^) " '̂•̂ •'̂ ' 

where Si02 is expressed in mg/1. 
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APPENDIX B 

Geothermal-gradient data 
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7 4 . 0 
8 4 . 0 
4 0 . 0 
5 4 . 0 

GRADIENT 
DEG F /100 FT 

•0 
<f.5 
5 . 5 
6 . 7 
5 . 9 
6.<» 1 

5 . 3 
5 . 0 
3 . 5 
3 . 8 
5 . 5 
5»4 
5 . 9 
< » . l 
4 . 6 
2 . 2 
3 . 0 
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UeCATI8N! oeuBLE-8 LEG^ QREQON' 
25S/'31E-4B1 

HOLE NUMBEK: BR-75-U 
DATE MEASURED? 9/16/75 

DEPTH 
K.ETERS 

2 . 5 
5 . 0 
7 . 5 

1 0 . 0 
1 2 . 5 
1 5 . 0 
1 7 . 5 
2 0 . 3 
2 2 . 5 
2 5 . 0 
2 7 . 5 
3 0 . 0 
3 2 . 5 
3 5 . 0 
3 7 . 5 
4 0 . 0 
4 2 . 5 
4 5 . 0 
4 7 . 5 
5 0 . 0 

• 5 2 . 5 
5 5 , 0 
5 7 . 5 
6 0 . 0 

DEPTH 
FEET 

8 . 2 
1 6 . 4 
2 4 . 6 
3 2 . 8 
4 1 . 0 
4 9 . 2 
5 7 . 4 
6 5 . 6 
7 3 . 8 
8 2 . 0 
9 0 . 2 
9 8 . 4 

1 0 6 . 6 
1 1 ^ . 8 
1 2 3 . 0 
1 3 1 . 2 
1 3 9 . 4 
1 4 7 . 6 
1 5 5 . 8 
16'*.0 
1 7 2 . 2 
1 8 0 . ^ 
1 8 8 . 6 
1 9 6 . 8 

TEMP 
OEG C 

IS.S^^D 
10»510 
10.2'fO 
1 0 . 4 6 3 
1 0 . 4 8 0 
1 0 . 4 9 3 
1 0 . 4 9 3 
1 0 . 5 4 0 
1 0 . 5 4 0 
1 0 . 5 5 3 
1 0 . 6 0 3 
1 0 . 6 5 3 
1 3 . 7 0 0 
1 0 . 7 5 0 
1 0 . 8 1 0 
10*880 
10*950 
11*030 
11*103 
1 1 * 1 8 0 : 
11*270 
11*323 
11*410 
11*493 

'ERATuRE 
DEG F 

56*01 
5 0 . 9 2 
50*43 
50*83 
50*86 
50*88 
50*88 
50*97 
50*97 
50*99 
51*08 
5 1 . 1 7 
5 1 . 2 6 
5 1 . 3 5 
5 1 . 4 6 
5 1 . 5 8 
5 1 . 7 1 
5 1 . 8 5 
51*98 
5 2 . 1 2 
5 2 . 2 9 
52»38 
5 2 . 5 4 
5 2 . 6 8 

GL8THERMAI, 
OEG C/KM 

. 0 
- 1 1 3 2 . 0 

- 1 3 8 . 0 
8 8 . 0 

8*0 
4*0 

. 0 
2 0 . 0 

. 0 
4 . 0 

2 0 . 0 
20*0 
2 0 . 0 
2 0 . 0 
2 4 . 0 
28*0 
28*0 
32*0 
28*0 
3 2 . 0 
3 6 . 0 
2 0 . 0 
3 6 . 0 
3 2 . 0 

GRADI EM 
OEG F / l O 

. 0 
• 6 2 . 1 

* 5 . 9 
<f.8 

. 4 

. 2 

. 0 
L l 

. 0 

. 2 
1.1 
1.1 
1 .1 
L l 
L 3 
L 5 
L 5 
L 8 
L 5 
L 8 
2 . 0 
1.1 
2*0 
1.8 
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LQCATION: OIAMONO LEG* SREGSN 
25S/33E-3B.J 

HQLE NUMBER: B^-75-1 
DATE MEASURED: 11/22/75 

1 » . 

i 

O E P T H 

METERS 

2 . 5 
5 . 3 
7 . 5 

1 0 . 0 
1 2 . 5 
1 5 . 0 
1 7 . 5 
2 0 . 0 
2 2 . 5 
2 5 . 3 
2 7 . 5 
2 8 . 6 

DEPTH 
FEET 

. 8 . 2 
1 6 . 4 
2 4 . 6 
32*8 
4 L 0 
4 9 . 2 
5 7 . 4 
6 5 . 6 
7 3 . 8 
3 2 . 0 
9 0 * 2 
9 3 . 8 

TEMPERATURE 
DEG C 

1 2 . 4 5 3 
1 2 . 1 5 3 
11*983 
12*430 
12*953 
13*583 
1 4 . 0 9 3 
1 4 . 5 7 3 
1 5 . 1 3 3 
1 5 . 6 3 3 
15*913 
1 6 . 0 4 3 

DEG F 

5 4 . 4 1 
5 3 . 8 7 
5 3 * 5 6 
5 4 * 3 7 
5 5 . 3 1 
5 6 . 4 4 
5 7 . 3 6 
5 8 . 2 3 
5 9 . 2 3 
6 0 . 0 8 
6 0 * 6 4 
6 0 * 8 7 

GE9THERM 
DEG C/KM 

*0 
- 1 2 0 * 0 

- 6 8 . 0 
ISQ.O 
2 0 8 * 0 
2 5 2 * 0 
2 0 4 * 0 
192*0 
2 2 4 * 0 
1 3 8 . 0 
1 2 4 . 0 
1 1 8 . 2 

AU GRADIEN 
OEG F/13( 

. 0 
- 6 . 6 
• 3 . 7 

9*9 
I L * * 
1 3 . 8 
1 L 2 
1 0 . 5 
1 2 . 3 
1 0 . 3 

6 . 8 
6 . 5 
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\ • BR-75-1 (25S/33E-3PD) | 
I 11/22/75 _J 

• BR-75-2 (27S/33.E-33CBr).. 
11/22/75 

* BR-75-3 {28S/32E-36CC) 
8/12/75 

" BR-75-'^ (29S/32E-34DC) 
S/IS/ 'TS 

• BR-75-5 (30s/3ii:-23BC) 
". 9/1S/75 

• BR-75-G (32S/32E-16BA) 
9/1S/75 

• 

a 

a 

a 

• 
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K a 
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LOCflTIONi BURNS flMS, OREGON 
25S/33E-10Bft 

HOLE NAME! ftDflMS 
DPTE MEASURED! B /14 /80 

DEPTH 
ME'l'ERS 

15.0 
20.0 
25.0 
30.0 
35.0 
37.0 

DEPTH 
. l-'EE'l' 

49.2 
65.6 
82.0 
98.4 
114.8 
121.4 

TEMPERftTURE 
DEG C 

47.860 
48.620 
49.260 
49.790 
50.170 
50.220 

DEG F 

118.15 
119.52 
120.67 
121.62 
122.31 
122.40 

GEOTHERMflL 
DEG C/KM 

0.0 
152.0 
128.0 
106.0 
76.0 
25.0 

GRflDIEN' 
DEG F/10( 

0.0 
8.3 
7i0 
5.8 
4.2 
1.4 

-f i . 
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uecATieN: CRANE, BREGBN 
25S/33E-UBBB 

HOLE NUMBER! KR-1 
DATE MEASURED! 6 /12 /75 

DEPTH DEPTH TEMPERATURE GEOTHtRHAl,; GRADIENT 
METERS FEET OEG C DEG F OEG C/KM OEG F/lOO FT 

5 .0 16.4 13.953 57.11 .0 ' 0 
10.0 32 .8 13.973 57.15 4«0 •£ 
15.0 49»2 13*973 57.15 .0 ' 0 
20.0 65 .6 13.973 57*15 .0 •O 
25.0 82 .0 13.983 57.16 2*0 . J . 
30.0 98 .4 13.963 57.13 - 4 . 0 ' * ^ 
35«0 U 4 o 8 13.993 57.18 6*0 'S 
40.0 1 3 L 2 14*393 57*90 SO'D '^•'* 
i t5.0 147.6 14.440 37.99 10*0 'S 
50.0 164.0 15.200 59.36 152*0 8*3 
55 .0 180*4 15.443 59.79 48 .0 2*6 
60«0 196.8 15.613 60*10 34*0 L 9 
65.0 2 l 3e2 15*750 60*35 28»0 l » 5 
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LOCATION! BURNS flMS, OREGON 
25S.'̂ 33E- 9Cfl 

HOLE NAME! WSB-1 
DflTE MEASURED! 5/14/80 

DEPTH 
METERS 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 

DEPTH 
FEET 

16.4 
32.8 
49.2 
65.6 
82.0 
98.4 
114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 

TEMPERATURE 
DEG C 

17.130 
17.270 
17.310 
17.320 
17.380 
17.430 
17.490 
17.530 
17.580 
17.600 
17.670 
17.700 
17.820 

DEG F 

62.92 
63.09 
63.16 
63.18 
63.28 
63.37 
63.48 
63.55 
63.64 
63.68 
63.81 
63.86 
64.08 

GEOTHERMAL 
DEG C/KM 

0.0 
18.0 
8.0 
2.0 
12.0 
10.0 
12.0 
8.0 
10.0 
4.0 
14.0 
6.0 

24.0 

GRflDIEN' 
DEG F/10( 

0.0 
1.0 
0.4 
0.1 
0.7 
0.5 
0.7 
0.4 
0.5 
0.2 
0.B 
0.3 
1.3 

-ti. 
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LOCATIONi BURNS AMS. OREGON 
25S/33E-10CD 

HOLE NAME" WSB-3 
DATE MEASURED! 5/14/80 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10.0 32.8 12.070 53.73 0.0 0.0 
15.0 49.2 12.410 54.34 68.0 3.7 
20.0 65.6 12.810 55.06 80.0 4.4 
25.0 82.0 13.050 55.49 48.0 2.6 
30.0 98.4 13.260 55.87 42.0 2.3 
35.0 114.8 13.540 56.37 56.0 3.1 
40.0 131.2 13.740 56.73 40.0 2.2 
45.0 147.6 13.860 56.95 24.0 1.3 
50.0 164.0 13.940 57.09 16.0 0.9 
51.5 168.9 14.010 57.22 46.7 2.6 
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DEPTH 
METERS 

LOCATION! BURNS AMS, OREGON 
25S/33E- 9CD 

HOLE NAME! ARFORD 3 
DATE MEASURED! 5/14/80 

DEPTH TEMPERATURE 
FEET DEG C DEG F 

GEOTHERMAL GRADIENT 
DEG C/KM DEG F/100 FT 

tn 
to. 

0 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55 
60.0 
65.0 
70.0 
75.0 

•*80.'0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
150.0 
155.0 
160.0 
165.0 

16.4 
32.8 
49.2 
65.6 
82.0 
98.4 

114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246.0 
262.4 
278.8 
295.2 
311.6 
328.0 
344.4 
360.8 
377.2 
393.6 
410.0 
426.4 
442.8 
459.2 
475.6 
492.0 
508.4 
524.8 
541.2 

27.020 
27.020 
27.020 
27.030 
27.040 
27.060 
27.090 
27.120 
27.130 
27.160 
27.190 
27.210 
27.190 
27.250 
27.260 
27.290 
27.300 
27.330 
27.340 
27.350 27.500 
27.510 
27.540 
27.620 
27.800 
27.860 
27.890 
27.920 
27.930 
27.940 
27.970 
27.960 
27.940 

80.64 
80.64 
80.64 
80.65 
80.67 
80.71 
80.76 
80.82 
80.83 
80.89 
80.94 
80.98 
80.94 
81.05 
81.07 
81.12 
81.14 
81.19 
81.21 
n 1 T*> 81^23 81.50 
81.52 
81.57 
81.72 
82.04 
82.15 
82.20 
82.26 
82.27 
82.29 
82.35 
82..33 
82.29 

0.0 
0.0 
0.0 
2.0 
2.0 
4.0 
6.0 
6.0 
2.0 
6.0 
6.0 
4.0 
-4.0 
12.0 
2.0 
6.0 
2.0 
6.0 
2.0 
2.0 
30.0 
2.0 
6.0 
16.0 
36.0 
12.0 
6.0 
6.0 
2.0 
2.0 
6.0 
-2.0 
-4.0 

0.0 
0,0 
0.0 
0 
0 
0 
0 
0 
0.1 
0 .3 
0 .3 
0.2 

- 0 . 2 
0 .7 
0.1 

3 
1 
3 
1 
1 
6 
1 
3 
9 
0 
7 
3 

0 .3 
0. 
0. 
0. 

-0. 
-0 . 
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LOCATION! BURNS flMS, OREGON 
25S/33E- 9CC 

HOLE NflME! flRFORD 2 
DflTE MEASURED! 5 / 1 4 / 8 0 

DEPTH 
METERS 

5.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
.45.0 
50.0 
55.0 
60.0 
61.0 

: DEPTH 
FEET 

16.4 
49.2 
65.6 
82.0 
98.4 
114.8 
.131.2 
147.6 
164.0 
180.4 
196.8 
200.1 

TEMPERATURE 
DEG C 

20.760 
21.210 
21.430 
21.550 
21.720 
21.840 
21.910 
21.980 
22.030 
22.300 
22.320 
22.300 

DEG F 

69.37 
70.18 
70.57 
70.79 
71.10 
71.31 
71.44 
71.56 
71.65 
72.14 
72.18 
72.14 

GEUTHERMAL GRADIEN' 
DEG C/KM DEG F/10( 

0.0 
45.0 
44.0 
24.0 
34.0 
24.0 
14.0 
14.0 
10.0 
54.0 
4.0 

-20.0 

0.0 
2.5 
2.4 
1.3 
1.9 
1.3 
0.8 
0.8 
0.5 
3.0 
0.2 
-1.1 

tn 
tn 
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LOCATION! BURNS AMS,. OREGON . . 
25S/33E-11CD 

HOLE NAME! WSB-4 
DflTE MEASURED! 5/ G/80 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10.0 32.8 11.130 . 52.03 0.0 0.0 
15.0 49.2 11.200 52.16 14.0 0.B 
20.0 . 65.6 11.360 52.45 32.0 1.8 
25.0 82.0 11.450 52.61 18.0 1.0 

• 30.0 98.4 11.490 52.68 8.0 0.4 
35.0 114.8 11.500 52.70 2.0 0.1 

.130 . 

.200 

.360 

.450 

.490 

.500 

.520 

.540 

.570 

.600 

.620 

52.03 
52.16 
52.45 
52.61 
52.68 
52.70 
52.74 
52.77 
52 .83 
52.88 
52.92 

40.0 131.2 11.520 52.74 4.0 0.2 
45.0 147.6 11.540 52.77 4.0 0.2 
50.0 164.0 11.570 52.83 6.0 0.3 
55.0 180.4 11.600 52.88 6.0 0.3 
57.0 187.0 11.620 52.92 10.0 0.5 

tn 
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tn 
IX) 

LOCATION! BURNS flMS, OREGON 
25S/33E-16AB . . 

HOLE NflMEi flRFORD 1 
DATE MEASURED! 5/14/80 

DEPTH 
METERS . 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
107.5 

• DEPTH 
FEET 

16.4 
32.8 
49.2 

. 65.6 
82.0 
.98.4 
114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246.0 
.262.4 
278.8 
295.2 
311.6 

- 328.0 
344.4 
352.6 

TEMPERATURE 
DEG C 

14.270 
14.600 
14.940 
15.150 
15.200 
15.210 
15.210. 
15.280 
15.390 
15.440 
15.530 
15.580 
15.620 
15.680 
15.750 
15.830 
15.970 
16.800 
17.640 
18.200 
18.550 
18.830 

DEG F 

57.69 
58.28 
58.89 
59.27 
59.36 
59.38 
59.38 
59.50 
59.70 
59.79 
59.95 
60.04 
60.12 
60.22 
60.35 
60.49 
60.75 
62.24 
63.75 
64.76 
65.39 
65.89 

.. GEOTHERMAL 
DEG C/KM 

0.0 
66.0 
68.0 
42.0 
10.0 
2.0 
0.0 

. 14.0 
22.0 
10.0 
18.0 
10.0 
8.0 
12.0 
14.0 
16.0 
28.0 
166.0 
168.0 
112.0 
70.0 
112.0 

GRADIEN' 
DEG F/10( 

0.0 
3.6 
3.7 
2.3 
0.5 
0.1 
0.0 
0.8 
1.2 
0.5 
1.0 
0.5 
0.4 
0.7 
0.8 
0.9 
1.5 
9.1 
9.2 
6.1 
3.8 
6.1 
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UOCATioW: 

HSLE NUMBi 

OOl i8Le-o UtG 
26S/30E-3BB 

L R : BR-75-10 
DATE MEASURE:©: 9 /16 /75 

oePTH 
METERS 

• 2 . 3 . 
• 5 . D •. 

7.5 
lO.D . 
12.5 
15.3 
17.D 
23. : ; 
22.5 
25. Q 
27.5 
30.3 

DEPTH 
rEET 

S. 2 
16.4 
P 4 . 6 
32.8 
41.0 
49.2 
57.4 
65.6 
73.8 
>i2.0 
:J0*2 
98«4 

efteGow 

TEINPERATURE 
OEG C DEG 

14.163 
11*943 
12.233 
12*483 
12-. 61 3 
12*323 
12*893 
12*983 
13*093 
13*183 
13*253 
13*303 

57.49 
53*49 
54.01 
54.46 
54.70 
55.08 
55.20 
55.36 
55.56 
55.72 
55.85 
55.94 

GEOTHERMAL GRADIENT 
OEG C/KM OEG F/lOO FT 

•0 

-8^8*0 
116*0 
130*0 
52.0 
54.0 
2S.0 
36.0 
'4 4.0 
36*0 
28*0 
20*0 

•0 
-4i.7 

6.4 
5.5 
2.9 
4.6 
1.5 
2.3 
2.4 
2.0 
1*5 
1*1 

61 -
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• -. j . ^ ; - , - ; , . . 

• • ' -



LOCATION! BURNS AMS, OREGON 
25S/34E-31CC 

HOLE NAME! WINDYPTl 
DATE MEASURED! 5/ 8/80 

DEPTH DEPTH TEMPERflTURE GEOTHERMAL GRADIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10.0 32.8 11.140 52.05 0.0 0.0 
15.0 49.2 11.150 52.07 2.0 0.1 
20.0 65.6 11.160 52.09 2.0 0.1 
25.0 82.0 11.230 52.21 14.0 0.8 
30.0 98.4 11.280 52.30 10.0 0.5 

cr, 
to 
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5/ 8/80 

15 

CO 
cc 
LU 

50 

LU 

CL 
LU 
Q 100 

150 



LOCATION! BURNS AMS, OREGON 
26S/33E- 2CD 

HOLE NAME! WINDYPT2 
DATE MEASURED! 5/ 8/80 

DEPTH 
METERS 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
58.0 

DEPTH 
FEET 

32.8 
49.2 
65.6 
82.0 
98.4 
114.8 
131.2 
147.6 
164.0 
180.4 
190.2 

TEMPEi 
DEG C 

15.510 
15.890 
16.250. 
16.610 
16.940 
17.500 
18.060 
18.530 
18.980 
19.320 
19.460 

?ATURE 
DEG F 

59.92 
60.60 
61.25 
61.90 
62.49 
63.50 
64.51 
65.35 
66.16 
66.78 
67.03 

GEOTHERMAL 
DEG C/KM 1 

0.0 
76.0 
72.0 
72.0 
66.0 
112.0 
112.0 
94.0 
90.0 
68.0 
46.7 

GRflDIEN' 
DEG F/10< 

0.0 
4.2 
4.0 
4.0 
3.6 
6.1 
6.1 
5.2 
4.9 
3.7 
2.6 

tn 
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LOCATIONi BURNS AMS, OREGON 
26S/33E-11DC 

HOLE NAME! WINDYPT3 
DATE MEASURED! 5 / 8 /80 

DEPTH 
METERS 

5 . 0 
10.0 

. 15.0 
25.0 
30.0 
35.0 
40.0 
4 5 . 0 
4 8 . 0 

•' 'DEPTH 
FEET 

16 .4 
3 2 . 8 
4 9 . 2 
8 2 . 0 
9 8 . 4 

114 .8 
131 .2 
147 .6 
157 .4 

TEMPERATURE 
DEG C 

12 .180 
12 .480 
12 .790 
13 .790 
14 .240 
14 .670 
15 .090 
15.450 
15.530 

DEG F 

5 3 . 9 2 
5 4 . 4 6 
5 5 . 0 2 
5 6 . 8 2 
5 7 . 6 3 
5 8 . 4 1 
5 9 . 1 6 
5 9 . 8 1 
5 9 . 9 5 

GEOTHERMAL GRADIEN' 
DEG C/KM DEG F/101 

0;0 0,0 
60.0 3 .3 

. 62.0 3.4 
100.0 5 .5 
90.0 4 .9 
86.0 4.7 
84.0 4 .6 
72.0 4 .0 
26.7 1.5 

CTl 
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LOCATION! BURNS AMS, OREGON 
26S/33E-13DA 

HOLE NAME! N TMPSON 
DATE MEASURED! 5/ 8/80 

DEPTH' -DEPTH TEMPERflTURE GEOTHERMflL GRflDIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/_100 FT 

10.0 32.8 17.740 63.93 0.0 0.0 
15.0 49.2 18.280 64.90 108,0 5.9 
20.0 65.6 19.160 66.49 176.0 9.7 
25.0 82.0 20.950 69.71 358.0 19.6 
30.0 98.4 21.680 71.02 146.0 8.0 
35.0 114.8 21.680 71.02 0.0 0.0 
40.0 131.2 21.880 71.38 40.0 2.2 
45.0 147.6 22.080 71.74 40.0 2.2 
50.0 164.0 22.230 72.01 30.0 1.6 
52.0 170.6 22.310 72.16 40.0 2.2 

cn 
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k:.' 

^eCATISN: DOUBLE'S LEG* eREGBN 
' 26S /30E-20De . 

H Q L E N U M B E R : B R - 7 5 - 8 
DATE M E A S U R E D : 9 / 2 9 / 7 5 

Of^pTH DEPTH TEMPERATURE GE9THERMAI, GRADIENT 
J^ETERS FEET OEG C DEG F DEG C/K^ DEG F/ lQO FT 

5 .D 1 6 . 4 1 3 . 3 1 3 o 5 . 4 2 ' 0 *9 
7 .5 P4 .6 1 0 . 9 3 5 5 1 . 6 8 - 8 3 0 * 0 - 4 3 * 3 

1 0 . 3 3 2 . 8 11*215 5 2 . 1 9 1 1 2 . 0 6 . 1 
1 2 . b 4 1 . 0 1 1 . 3 3 3 5 2 . 3 9 4 6 . 0 2 . 0 
1 5 , 0 4 9 . 2 1 1 . 3 6 5 5 2 . 4 6 1 4 . 0 *8 
1 7 . 5 5 7 . 4 1 1 . 7 2 3 53«10 1 4 2 * 0 7 . 8 
?C.3 6 5 . 6 12*085 5 3 . 7 5 146*0 3 . 3 
? 2 . 5 7 3 . 8 1 2 . 3 9 5 5 3 * 7 7 4 *0 "S 
2 5 . 0 .•^2.0 12*263 5 4 . 3 7 6 6 * 0 3 .6 

- 71 
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LOCflTIONi BURNS flMS. OREGON 
26S/33E-35CC 

HOLE NflME! DflUIS 1 
DflTE MEASURED! 5 / 7/80--

DEPTH 
METERS 

10.0 
15.0 
20.0 
25.0 
30.0 
34.5 

DEPTH 
FEET 

32.8 
49.2 
65.6 
62.0 
98.4 
113.2 

.TEMPERATURE 
DEG C 

10.570 
10.630 
10.670 
10.720 
10.850 
10.860 

DEG F 

51.03 
51.13 
51.21 
51.30 
51.53 
51.55 

GEOTHERMAL 
DEG C/KM 

0.0 
12.0 
8.0 
10.0 
26.0 
2.2 

GRADIEN' 
DEG F/10! 

0.0 
0.7 
0.4 
0.5 
1.4 
0.1 

to-. 
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tn 

LOCATION: BURNS flMS, OREGON 
27S/32E-23BB 

HOLE NflME! UOLTflGE 
DflTE MEASURED! 5/13/80 

DEPTH 
METERS 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
150.0 
155.0 
160.0 
165.0 
170.0 
175.0 
180.0 
185.0 
190.0 
191.5 

DEPTH 
FEET 

32.8 
49.2 
65.6 
82.0 
93.4 
114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246.0 
262.4 
278.8 
1̂95.2 
311.6 
328.0 
344.4 
360.8 
377.2 
393.6 
410.0 
426.4 
442.8 
459.2 
475.6 
492.0 
508.4 

. 524.8 
541.2 
557.6 
574.0 
.590.4 
606.8 
623.2 
628.1 

TEMPERflTURE 
DEG C 

11.910 
12.270 
12.260 
12.480 
12.690 
12.830 
13.090 
13.380 
13.550 
13.930 
14.230 
14.540 
14.830 
15.000 
15.170 
15.370 
15.560 
15.930 
16.380 
16.760 
17.120 
17.470 
17.800 
18.140 
18.480 
18.850 
19.170 
19.520 
19.850 
20.180 
20.530 
20.890 
21.260 
21.580 
21.880 
22.160 
22.420 
22.460 

DEG F 

53.44 
54.09 
54.07 
54.46 
54.84 
55.09 
55.56 
56.08 
56.39 
57.07 
57.61 
58.17 
58.69 
59.00 
59.31 
59.67 
60.01 
60.67 
61.48 
62.17 
62.82 
63.45 
64.04 
64.65 
65.26 
65.93 
66.51 
67.14 
67.73 
68.32 
68.95 
69.60 
70.27 
70.84 
71.38 
71.89 
72.36 
72.43 

GEOTHERMflL 
DEG C/KM 

0.0 
72.0 

• -2.0 
44.0 
42.0 
28.0 
52.0 
58.0 
34.0 
76.0 
60.0 
62.0 
58.0 
34.0 
34.0 
40.0 
38.0 
74.0 
90.0 
76.0 
72.0 
70.0 
66.0 
68.0 
68.0 
74.0 
64.0 
70.0 
66.0 
66.0 
70.0 
72.0 
74.0 
64.0 
60.0 
56.0 
52.0 
26.7 

GRflDIEN 
DEG F/10 

0.0 
4.0 
-0.1 
2.4 
2.3 
1.5 
2.9 
3.2 
1.9 
4.2 
3.3 
3.4 
3.2 
1.9 
1.9 
2.2 
2.1 
4.1 
4.9 
4.2 
4.0 
3.8 
3.6 
3.7 
3.7 
4.1 
3.5 
3.8 
3.6 
3.6 
3.8 
4.0 
4.1 
3.5 
3.3 
3.1 
2.9 
1.5 



4 0-
0 

TEMPERflTURE, DEG 
15 20 

C 

25 30 

cn 
T — 1 r 1 r 1 1 i 1 \ r 

CO 
DC 
LU 

100 

LU 

CL 
LU 

Q 200 

300 

Q 
Q 
G 

G 
G 

G. 

Q 
G 

G 
G 

G 
Q 

Q 
Q 

G 

Q 

G 

G 

G 
G 

G 

G 
Q 

G 
@ 

J L J L J L 

1 1 1 T 

VOLTflGE 
Q 27S/32E-23BB 

5/13/8D 

J I 1 



uSCATieS'; D&uBLE-e LEG/ 9REG9N 
27S/29E-P1AC 

HSLE NUMBER: BiV-75''9 
DATE MEASURED: 9/29/75 

DEPTH 
METERS 

5.J 
7.5 
10.0 
12.5 
15.0 
17.5 
20.3 
22.5 
25.0 
27.5 
30.0 
32.5 
35.3 • 
37.5 
40.0 

• 42.5 
45.0 

DEPTH 
P-EET 

15.4 
24.6 
32.8 
41.0 
4 9.2 
57.4 
65.6 
7 3.8 
82.0 
90.2 
98.4 

106.6 
1 r^.s 

- 123.0 
131.2 

. 139.4 
147.6 

- TE'̂ Pc 
DEG G 

12.653 
11.653 
11.143 
11*423 
11*633 
11*773 
11*883 
11*97 3 
12*373 
12*:9D 
12*320 
12*453 
12.633 
12*733 
12.863 
13*013 
13*183 

.RATijRE 
.DEG F 

54.77 
52.97 
52.05 
52.56 
52.93 
53.19 
53.38 
53.55 
53.73 
53.95 
54.18 
54.41 
54.6B 
54.91 
55 • 1 5 
55.42 
55.72 

GESTHERMAj, 

OEG C/K» 

.0 
-430*0 
»2J4*0 
112*0 
34.0 
56*0 
••4.0 
36*0 
40*0 
50*0 . 
o2*0 
53*0 
60*0 
52*0 
52*0 
60*0 
68*0 

GRADIENT 
OEG F/100 FT 

*3 
-22*3 
•11*2 
5.1 
4.6 
3.1 
2.4 
2*0 
2*2 
2*7 
2.9 

. 2*7 
3.3 
2.9 
2.9 
3.3 
3.7 

77 -
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LOCATION! BURNS flMS, OREGON 
27S/33E-20DB 

HOLE NflME! BECKLEY 
DflTE MEASURED! 5/13/80 

DEPTH DEPTH TEMPERATURE GEOTHERMflL GRADIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10.0 32.8 11.420 52.56 0.0 0.0 
15.0 49.2 11.420 52.56 0.0 0.0 
20.0 65.6 11.420 52.56 0.0 0.0 
25.0 82.0 11.430 52.57 2.0 0.1 
30.0 98.4 11.430 52.57 0.0 0.0 
35.0 114.8 11,430 52.57 0.0 0.0 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

420 
420 
420 
430 
430 
430 
390 
380 
380 
380 
210 
620 
620 

52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 

56 
56 
56 
57 
57 
57 
50 
48 
48 
48 
18 
92 
92 

40.0 131.2 11.390 52.50 -8.0 -0.4 
45.0 147.6 11.380 52.48 -2.0 -0.1 
50.0 164.0 11,380 52.48 0.0 0.0 
50.0 164.0 11.380 52.48 0.0 -0.0 
55.0 180.4 11.210 52.18 -34.0 -1.9 
60.0 196.8 11.620 52.92 82.0 4.5 
60.5 198.4 11.620 52.92 0.0 0.0 
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UeCATIQN: OIAMQNO LEQ* OREQON 
27S/33E-33CB 

HOLE NUMBER: BR-75-2 
OATE MEASURED: 11/22/75 

DEPTH 
METERS 

2 . 5 
5 . 0 
7 . 5 

1 0 . 0 
1 2 . 5 . 
1 5 . 0 
1 7 . 5 
2 0 . 0 
2 2 . 5 
2 5 . 0 
2 7 . 5 
3 0 * 0 
3 0 . 5 

DEPTH 
FEET 

8 . 2 ] 
1 6 . 4 1 
2 4 . 6 ] 
3 2 * 8 ] 
4 1 . 0 ] 
4 9 . 2 ] 
5 7 . 4 j 
6 5 . 6 j 
7 3 . 8 i 
8 2 . 0 3 
9 0 * 2 j 
9 8 . 4 3 

1 0 0 * 0 : 

TEMPERATURE 
DEG C 

12*570 
L2*760 
11*810 
11*360 
11*350 
11*350 
11*310 
11*330 
L L 2 9 0 
L L 2 S 0 
11*290 
11*280 
11*293 

DEG F 

5 4 * 6 3 
5 4 * 9 7 
5 3 * 2 6 
5 2 * 4 5 
5 2 . 4 3 . 
5 2 . 4 3 
5 2 * 3 6 
5 2 * 3 9 
5 2 . 3 2 
5 2 * 3 0 
5 2 * 3 2 
5 2 * 3 0 
5 2 * 3 2 

GEeTHERMAU 
OEG C/KM 

*0 
76*0 

- 3 8 0 * 0 
- 1 8 0 * 0 

- 4 * 0 
. 0 

- 1 6 . 0 
8*0 

- 1 6 . 0 
o4»0 

4 * 0 
- 4 * 0 
2 0 . 0 

GRADIENT 
OEG F /100 FT 

• 0 
4 . 2 

• 2Q.9 
- 9 , 9 

- . 2 
oO 

- . 9 
. 4 

- . 9 
- * 2 

. 2 
- . 2 
L i 

81 
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LOCATION: CevoTE: B U T T E * 5RE.G6N 
P7S/30E-36CC 

H3UE NUMBER: B R - 7 5 - 7 
DATE ME-ASURED: 9 /16 /75 

DEPTH 
METERS 

2 . 5 
5 . 3 . 
7 . 5 

10*0 
1 2 . 5 
1 5 . 0 
1 7 . 5 
2 3 . 0 
2 2 . 5 
2 5 . 3 
2 7 . 5 
3 0 . 3 
3 2 . 5 
3 5 . 3 
3 7 . 5 
4 0 . 0 
4 2 , 5 
i . 5 . 3 • 
4 7 . 5 
5 0 . 0 
52 .5 . 
5 5 . 0 
57 .5 . 
6 0 . 0 
6 2 . 5 
6 5 . 3 
6 7 . 5 

DEPTH . 
FEET 

8 . 2 
1 6 . 4 
2 4 . 6 
3 2 . 8 
4 L 0 
4 9 . 2 
5 7 . 4 
6 5 . 6 
73*8 
3 2 . 0 
9 0 * 2 
9 8 . 4 

1 3 6 . 6 
1 1 4 . 8 
1 2 3 . 0 
1 3 1 * 2 
1 3 9 . 4 
1 4 7 . 6 
1 5 5 . 8 
1 6 4 . 0 
1 7 2 . 2 
180*4 
1 8 8 . 6 
1 9 6 . 8 
2 o 5 * 0 
2 1 3 * 2 
2 2 L 4 

TEMPE 
OEG C 

1 2 . 0 0 3 
1 0 . 2 8 3 
10*673 
11*040 
11*203 
11*360 
11*653 
12*060 
12*163 
12*343 
12*533 
12*770 
12*983 
1 3 . 2 3 3 
1 3 . 4 3 3 
13*643 
13*853 
1 4 . 0 7 3 
1 4 . 2 6 3 
1 4 . 4 7 3 
1 4 . 6 4 3 
14*713 
150163 
15*413 
15*653 
15*893 
16*120 

.RATuRE 
DEG F. 

5 3 . 6 3 
50 
51 
51 
52 
52 
52 
53 
53 
54 
54 
54 
55 
55 
56 
56 
56 < 
57 
5 7 . 
5 8 . 
5 8 . 
5 8 . 
5 9 . 
5 9 . 
60" 
6 0 . 
6 L 

• 50 
. 21 
.87 
.16 
.45 
.97 
.71 
.89 
.21 
.55 
.99 
.36 
.76 
•17 
.55 
.93 
.33 
.67 
05 
35 
48 
29 

'74 
17 
60 
02 

GEOTHERM 
DEG C/KM 

• 0 
- 6 8 8 * 0 

156*0 
1 4 8 . 0 

6 4 * 0 
6 4 . 0 

1 1 6 . 0 
1 6 4 * 0 

4 0 * 0 
7 2 * 0 
76*0 
9 6 * 0 
8 4 * 0 
3 8 . 0 
9 2 * 0 
8 4 * 0 
84*0 
8 8 . 0 
7 6 * 0 
3 4 . 0 
6 8 * 0 
2 8 * 0 

130*0 
100*0 

9 6 . 0 
9 6 * 0 
9 2 * 0 

AU GRADIEN 
OEG F/10 

*0 
- 3 7 . 8 

8 . 6 
8 . 1 
3 . 5 
3 . 5 
6 . 4 
9 . 0 
2 . 2 
4 . 0 
4 . 2 
5 . 3 
4 . 6 
4 . 8 
5 . 0 
4 . 6 
4 . 6 
4o8 
4 . 2 
4 . 6 
3 . 7 
L 5 
9 . 9 
3o5 
5 . 3 
3 . 3 
3 . 0 
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LSCATieN: DiAMSND l l Q * SREGON 
2SS/32E-36CC 

HOLE NUMBER: BR-75-3 
DATE MEASURED: 8/12/75 

DEPTH DEPTH TEMPERATURE GEOTHERMA^ GRADIENT 
METERS FEET DEQ C . DEG F OEG C/KM OEG F/100 FT 

20.0 65.6 12*993 55*38 .0 *0 
22.5 73.8 13.053 55.49 24*0 L 3 
25.0 82.0 13.123 55.62 28*0 .L5 
27.5 90*2 13*200 55*76 32*0 1*8 

TEMPERATURE 
DEG C 

12*993 
13*053 
13*123 
13*200 
13*300 
13*433 
13*573 
13*680 
13*700 
13*700 
13*700 
13*710 
13*710 

. DEG F 

55*38 
55.49 
55*62 
55*76 
55*94 
56.17 
56.43 
56.62 
56*66 
56.66 
56.66 
56.68 
56*68 

30*0 98.4 13*300 55*94 40*0 2«2 
32*5 106.6 13*433 56.17 52*0 2*9 
35.0 114.8 13.573 56.43 56.0 3.1 
37.5 123.0 13.680 56.62 44*0 2*4 
40*0 131*2 13*700 56*66 8*0 •'* 
42*5 139.4 13.700 56.66 .0 '0 
45.0 147.6 13*700 56.66 .0 '0 
47.5 155.8 13.710 56.68 4.0 .2 
30*0 164.0 13*710 56.68 .0 .0 
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UeCATTQN; DIAMOND LEG, OKhUON 
29S/32E-34DC 

H O L E N U M B E R : 3R-75-4 
DATE MEASURED! y/l6/75 

DEPTH 
METERS 

DEPTH 
FEET 

TEMPERATURE 
DEG C DEG r 

GEOTHERMA^ GRADIENT 
DEG C/KM DEG F/.lOO FT 

2*5 
5.0 
7.5 

10.0 
12.5 
15.0 
J 7.5 
20.0 
22*5 
25.0 
27.5 
30*0 
32.5 
35*0 
37.5 
40'* 0 
43.5 
45.0 
47.5 
50*0 
53.0 

8 
16 
24 
32 
41 
49 
57 
65 
73 
82 
90 

- 98 
106 
1.1't 
123 
131 
139 
147 
155 
164 
170 

.2 

.4 

.6 

.8 

.0 

.2 

.4 
*6 
.8 
.0 
*2 
.4 
.6 
.8 
*0 
*2 
.4 
.6 
.8 
•0 
.6 

15*960 
13.290 
12*120 . 
12.100 
12.320 
12.503 
12*680 
12*910 
13.120 
13*360 
13.630 
13.920 
14.220 
14.540 
14.863 
15.200 
15*550 
15*930 
16*360 
16*790 
17*130 

60' 
55. 
53. 
53. 
54. 
54. 
54. 
55. 
55. 
56. 
56. 
57. 
57. 
58. 
58. 
59. 
59. 
60. 
61. 
62. 
62. 

.73 
•92 
.82 
• 78 
•18 
"50 
•82 
• 24 
• 62 
.05 
-53 
.06 
•60 
'17 
.75 
.36 
,99 
,67 
.45 
•22 
.83 

1068 
-468 

-8 
88 
72 
72 
92 
34 
96 
108 
116 
120 
128 
128 
1.36 
140 
152 
172. 
172 
170 

.0 

.0 
•0 
•0 
.0 
.0 
.0 
.0 
.0 
.0 
•0 
.0 
.0 
.0 
.0 
.0 
•0 
•0 
*0 
•0 
.0 

.0 
'5S.6 
•25o7 
-.4 
4s8 
4.0 
4.0 
5oO 
4»6 
5.3 
5.9 
6.4 
6.6 
7.0 
7.0 
7.5 
7.7 
8.3 
9.4 
9.4 
9.3 

- 89 -
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