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INTRODUCTION |

 The study area is located at.the northern end of a large, circular topo-
'gréphic_depréssion invthe‘centra1 portion of eastern Oregon known as the
| - A ,

" Harney Basin (Figure 1). Limits of the study area were arbitrarily set at

the boundaries of available U. S. Geological Survey (USGS) topogréphic maps

at TatitUdes»43o 45' on the north and 43° 30' on the south and at 1ong1tud¢sf L

‘.1190 15' on the west and 118% 30" on the east. This study, performed under
.fU. S. Department of Energy (USDOE) Contract No. DE FCO7—79ET27220, was under-

taken to estimate the geothermal potential of the area by using various methOdS}

- -including compilation of exist%ng data, reconnaissance geologic mapping,_]ine-'

. ament analysis, well and spring geochemistry, and accrual of geothermal-gradi-

 .ent'data; - ' ;

Geographiﬁa]ly, the studyiarea is comprised of a 5,180;km2 (200-m12)'re1a—
tively f]at, closeéd drainage basin surrounded by mountainous highlands. Total
ré]féfv%n the basin is less than 9 m (30 ft), and the tota1'relief in thégﬁigh;
‘ 1éhds 15 more than 600 ml(Z,OOO ft). The only major pqpulation»center is the
‘-Canty seat of Burns with the adjacent community of Hines, both of which are
1océted on the western edge of the baéin. The‘remainder of the northern
'Harﬁey'éésih is comprised of s&ampy bird habitat, cattle ranches and réhge'
.1aﬁd,_and scrub fokésts in the'h{gher elevations. \braihage-withih theAbés;n_
is towafd the south and east fhéough Sage Hen Creek from the West; Si]vieé
River from the north, and Malheur Stough from the east. %-

‘ . i
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Figure 1:

Map showing location of study area.



GEOLOGY

The geologic map (Plate I) of this area is based on (1) a fie]d check

of the pub11shed map by Greene (1972) of the Burns 15- m1nute quadrang]e with

m1nor'£‘Vis1ons, and (2) an or1g1na1 reconnaissance study, conducted dur1ng

: the fa]1 of 1979 and the spring of 1980 of the Buchanan, Carson Po1nt Stink-
1ngwater Pass, and Mahon Creek 7%-minute quadrangles and the Harney 15 minute
: quadrang]e : Lithologies and age ass1gnments were based on hand- spec1men
1dent1f1cat1on, 1imited K/Ar ages (Table 1), and bulk chemistry (Tab}e*z).

' Areal-extent of units and other field data were p]otted'on USGS tepegraphic

3 maps, spec1f1c points were 1ocated by Brunton compass and pac1ng No aer1a1

»photographs were used in mapp1ng

Tab]é;j;;lRadiometric (K/Ar) éges of selected rocks of the northeth{hehney Basin

Samgle;ho;*' Location Rock. type Aggf* e Stratigraphic unit

ML-T14-75"  118937'30"  Silicic  ©14.7440.5 my Tord
S0 43738'07".  dome v AR
G-54-5-66 .. 11908'18"  Rhyodacite 7.82+0.26 my “ T
o 43°30* 48" | R
ML-33-75 .7 119018'12"  Rhyolite "7.55+0.10 my C Ties
MK-3-79 - ' 119008'12"  Rhyolite 97.54+0.70 my = - Tmrb -
S 43306 | | e
119%04'12"  Welded tuff  %6.82+0.33 my Tmtr: -
43°37' 42" , U

* Refefences G - from Greene and others, 1972; ML - from McLeod and others,
: 1975 MK - from McKee and others, 1976. N

kg o san1d1ne age, a '~ anorthoclase, age 0 - obsidian age; n - no method g1ven
ki . - . .



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

Compo- . . *G-9-3  6-9-6  B-0-20-2  G-9-1  B-0-19-2
nent : | Tmtd Tmtd Tmtp ~ Tmtd Tmtr
sio, 3.6 741 7427 7.2 75.82
Tioz'%l‘uef. 0.26 0.28 0.18 0.21 0.22 : -
K IR ¥ 12.2 13.73 11.6 12.59
Fe0 (Total Fe)  2.66  2.96 0.30 3.2 1.8
o 0.83 0.2 0.6 - 0.13 0.04
a0 - 0.71 0.34 0.14 0.25 0.29 -
a0 ej:_~ 38 4.0 4.02 3.7 3.91 ...
0 . . 45 46 4.3 44 418
. Total 97.62 98;72_ 97.17 98.66 98.53

* References: G - from Greene, 1973; B - from Beeson, 1969.



The geo]ogy of the northern Harney Basin is comprised of a framework '
of three f]at—1y1ng, extensive, 1ate M1ocene ash-flow sheets on]app1ng a
‘ hedtonal dntthoflean]y Miocene flood basa]ts. These ash flows, named in-
?order df tncneasing'age, the Rattlesnake (unit Tmtr on the geologic mab);‘-
: PkaterdCreek’(dnit'IMtp), and'Devine Canyon (unit Tmtd) Ash—f]ow‘Tuffs, are

separated by d1screte sed1mentary un1ts, 11m1ted basa]t and- andes1te f1ows,

and s1]1c1c 1ntrus1ons

‘ Traceve1ement studies (Park and Armstrong, 1972) indicate that thevash—

‘ '»f]OWItuffe, the si]icic intrusives, and the related mafic flows, for the-study
~area as wel] as for adJacent areas to the south and west, const1tute a gene-

t1ca11y re]ated b1moda1 compos1t1ona1 assemb]age A]though deta11ed re]at1on- .

ships are unclear at the time of th1s study, at least one ca]dera-—the source

for the Devine Canyon Ash-flow Tuff--is located in the study ahea near'Bdrns

(Naikeh, 1979).] The.o1dest units recognized in the field wene'found'in‘the

nOrthwest corner of the map area,and are‘the ear]y Miocene basa]tsl(uhitU§Mba)

datedAin-adjacent areas at 12.1‘to 20.2 m.y. The youngest bedrock units are

- mafic vent comp1ekes.and associated flows (units @Tmv and @Tb) near Bdrns dated

at 2.3 to 2.9 m.y. (Parker, 1974). Complete age relationships of all units

are presented in thedtime4rock chart included on the geologic map (P]ate}I).

-Faulting'in'the northern basin follows three general trends. The first is
the trend of the Brothers fault zone‘(N;25°-35°w.), which is exhibited moSt
Strongiy-immediately west of Burns in the area of Burns Butte CUtting a11'deologic
un1ts present’ 1nc1ud1ng the aforement1oned 2.3- to 2 9-m.y. -old basa]ts Metion o
on these faults appears to be d1p sTip; however, severa] 1nvestlgators (MacLeod |
and others, 1975) fee] such mot10n may be the surface manifestation of a |

right—]atera]'wrenCh system at debth ~ The second trend is the Ba51n Range i

trendh(abproximate]x nonth4SOUth) found throughout the eastern portlon of the

._.5_
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Study area, cutting all 11tHe10G18S present. Although Some 6F these faults *
appear to be Aip=511p; they may have soé stiike=§11p or ob1igie=§1ip cBipon-
*ent spec1f1ca11y a]ong SH1di8r Cresék in the WoPER- CaHtra ]

%xtens1ve]y minieral ized novth= str1k1ng dult zone appears €6 contdin Sotfie

E

right=1ateral colipshieht afid may Fepresent 4 major Structiral discontintid

~

for the basin. The third freénd tN:ﬁéOZQGQWE) OCEUFS in thé Bastzcafitral pois
‘tioh of the Study ared &nd appears to répreséit 4 transitional trénd bétwesn
‘the Brothers tiend and the BasincRangs trend: ThiS tranéifishal trend ends

abruptly at the Seldisy Creek shear Zone.

b *\ y :

A ]1neament study (Piate 11) prepared for this réport fFoii U=2 dnd L&ﬁd§§%
Snaggry Shows & ohés t=0ré Eﬁﬁ?ééﬁ6ﬁﬂgﬁéé'df stfictural trénds with the iiapped
fault trefidss 1t 4130 shows & Atiber of 1iAédments thdt érosé the a1Tuvi uims

Eeye g e

filled bagin but whit‘ could fiot be traced- t RFough §§6ngié mapping :

Folding of theé uRits i$ genera]]y 1n the fovni of broads shaTTowly dlpp1ng

ant1c11nes and sync11nes BluRging toward the Cehteér of thé bds niv-Except+ens

are several sharpiy ?Siﬁéa igcal §tructuFes édj&céht'dnd‘prObabTy'§u5$é¢u§ﬁ5

| t° maJor faU1t5 (e 9“ thg $6 1d1er Créek shear OREY. I thé past investi-
gators (Greene 1872 Gragne 5ﬁd SEhEYS; 1972) h havé shoir the forthiern h19h1ands

to be 3 homoc]1n ’fﬁﬁ%ﬁﬁ into the bisin off a Cové OF o]der rocks to the

nd-th;‘-H6WEVef;'€ﬁé RappiKG conmecisd with £his §€u dy-ghowS'a{‘afgefnumber'of'
d1S¢'eteeféa1%s3186E§ that dip Swﬁﬁ Fich the canfer of thé basin. DowrWarp=
ing of the bas1n itsérf 5?8838%} Eé‘éw dy r1ng‘théiﬁ?dﬁ¥é’fé‘ﬁ&fé«MTd¢éhé

(walkéF;1197§) sid way b ES&%%Hﬁ%ﬁg 'E’bresent The probable cduse Gf -the

4 e

S £ onts

- downwarping is the 1656 6F mGLewi3T by volcan1c eriptich from the' exténsive

(‘DA

re P E s a.',,“,.‘.;, AU A P - s Ty £15 5 x«;, 'E_.:,,.I_
ash=flow she&ts ang num3rous f]ood basa]ts and; o & 18Sser extent; the Toss

of voliiie: die £6 16§8

(g{g ; e]T; 1980; pér§6ﬁéi Coffun €3 £101) -

"oy



'GEOPHYSICS

At the present time, no geophysical sﬁfveys are ayaiTab]e for the.
--northe§n Harney Basin. Recomméndatiohs for future work in thié'extremly

‘ important area are included in the Conclusions and Recommendations section

- of this report.



WATER CHEMISTRY
DiFing Fﬁi3¥s¢Udyg’fi$téén;weﬂ1s;.sbgings3:and!gradiént'ho1és:werex

§hﬁp1€ﬂfand7fﬁéﬁYIWatérs-?ﬂaiyzed1, Tbget%éh Wwith. existing publishied: analyses:
(Léonard;: 19705 Ui S. Gébﬂbgﬁth‘Shrvey’a%afokégon%Dépaktmenticf’ﬁéoﬂbgy;andi
Mirieral IndUst?iéSg:197953ka4tofal of 2T Qﬁalyses-are availabfe;%or‘evaﬂMatinn;
(Table 3). ‘Rublished: reports of‘thérhydrb{ﬁgy of’ the Harney'Basfnz(PTper and;
other§, 1939; Leonard, ﬁ970)'s‘ho‘wa:cons'q",d‘efab].e-:number‘of'thermaT‘anémaﬂ&i’esa;aE
hOWevef;>§'Targé?humber of thé‘TfSted‘springs-and*weTts either could not be

TocafedFOr'werefnoﬁ flowing at the time of the study.

© Sampling temperatures during field cpllection ranged from 72°C for ther .
0. J. Thomas WeT] in the north-central portion of the study area to 17°-22°%
" for artesian wé]Ts and springs near the.tgwn of Burns. The natural waters of
the stddy area ¢an best be descrfbed'as generally low in chleride and high
in magﬁeéiﬁm and bicarbonate. On the basj; of preliminary evaluation of the
évaflabié data; two groups of waters are recognized: (1) The wells near
Soldier Creek ahdfdffédﬁTy south, which appear to be relatively high in
§ilica (72-104 mg/T)rand showtreiativeiy hjgh:Na:K atomic.ratios (144—260).and
ﬁ{éﬁ ééhﬁénts of ions such as boron, arsenic, ch]Ofide, and fluoride. The
éstimated minimum résérvéir temperatures for‘these wells are in the moderate
Fange; calculdted to bé approximately 100%-130°C (Tab]e 4). (2) The springs
and wells near Burfis; which are lower in silica (37-60 mg/1); lower in Na:K
éﬁﬁmfc-ratioé (11=15); lower in relative amounts of boron, arsenic, chloride,
and f]ﬁbridé; and jower in caiculated reSérvoir temperatures (75° -100°C). |
They are also higher 1A magnesium, which {s generally thought ;olindicate cooler
Watérs or watérs that have traveled a longer distance from their source
(Feurniér, 1980, personal,communjcatiOn).3 The cooler waters near Burns may

‘Vepresent a dilute spe¢ies of the warmer waters found to the east; however,
. L



Table 3.'~Springuand well chemistry of the northern Harney Basin area. A1l
measurements are in mg/T, except for pH or as indicated. nt = not tested;
tr = trace. , ' : ' ' ‘

Cow Creek Bar Negative. Hotchkissv Hotchkiss Hotchkiss
Spring. . Well ~ Well _ Well Well

Location’ 22 S/32%E/ 23S/32E/ 24S/30E/ 24S/30E/ | 245/30E/
L - -+ .l4Ca . -28Acd 1Aca. - - 1Aca ' 1Aca‘

‘Date sampled ~ 9/31 © " 7/68 " 10/80 /31 9/68
Temp. (°C) o2 16 33 o
pH . ont 7.6 8.37 nt 8.1

Conductahce._' ont . 771 . 220 - nt : 194
vmhos/cm - - . o : T
Alkalinity . .
‘Xh‘as mg/1. HCO

nt. . at  nt ' nt - nt
X . as mg/1 CaCOg\- | |

o
‘Hardness ' e 30 : 30 nt - ont
as mg/1 CaCO3 . _ _ _ ’ '
Total dissolved | nt 511 166 nt | 155
solids S ' - i
si0, ont 52 45 51 46
I 172 30 30 a
K+ -t 5.6 3 | e
G 6 5.4 S0 o,
‘Mgt 3.9 2
.. 19 1 . 1 . 52
As nt Cont <0.680  nt . nt
B nt 1 0.3 ‘nt 0.06
Li. :,.J o oont .  ~ nt <0.054 ont oot
Fooo nt . 0.8 0.5 - ot 0.5
Fe (total) ot 0.34 <0.027 © 0.0 ‘nt
(AT | nt ot  <0.680  nt nt
HCO, ..ot nt " nt 9% 93

— ™N
NN O

— 0 ™
- - . .
o B~ © W

P04 : : ' - nt '. ' nt ont ”  ot at
SO, ¢4 04 120 13 a2
NO, . nto 1.9 nto 2 T

NHy ~ | . - oont :-" nt Ctr nt o nt



Table 3. ~ Spring and well chem1stry of the northern Harney Basin area--Cont1nued

tr = trace

‘Location

','Date eamplede
Temp. (°C)
pH. - '

‘Conductance

. umhos/cm
‘Alkalinity
Xh_asAmg/le HCO
Xc as mg/]_CeCQ3
Hardness

as mg/T CaCO3

Total dissolved
so11ds a

51'302 |
Na -
- K
C@
"
¢
As.
B
Li.
. F :
Fe (total) -
'Alf‘_e,‘ .
HC03
PO

S0
NO
" NH

3 :

All measurements are in mg/], except for pH or as 1nd1cated nt = not tested‘
Hines - M111 -Hines Mill Hines.Mill  Powerhouse Millpond
We11 #1 Well #1 Well #2 Well Spring

235/305/- 235/30E/ 23S/30E/ 23S/30E/ 235/30E/
. 35Aaa - - 35Aaa 26Dac 26Add 36Aaa
7/68 - 10/80 11/80 10/80 8/31

25 28.5 27.8 25 26

7.8 . 1.9 '8.18 8.04 nt
222 280 240 225 nt

nt nt nt nt nt -
nt 3.2 34 50 nt

180 180 172 210 nt
55 45 42 37 nt
.33 29 26 30 nt -

A 4 3 nt
1 10 7 14
2.0.. 2 1 nt -
7.0 8 10 8
nt <0.680 <0.680 <0.680 nt-
0.38 0.3 0.3 0.3 nt,
nt <0.054 <0.054 <0.054 nt
0.5 0.6 0.5 . 0.4 nt
- 0.02 1<0.027 <0.027 <0.027 nt
nt <0.680 <0.680 0.680 nt
105 ‘nt nt nt 109
nt nt nt - nt nt
14 12 10 14 1
1.5 it nt nt 1.1
nt <0.1" tr nt

LW W mT

- 10 -

0.3



TabTe‘3.v“_Spring.and‘we]1 chéhistry‘of the northern Harney Basin area--Continued .
A1l measurements are in mg/1, except for .pH or as indicated. nt ="not tested;
tr = trace.:. - S . o S , :

: . : } ~ Potters
. Hines . : Goodman 0.J. Thomas 0.J. Thomas  Swamp
City Well Spring Well - Well . Well

Location - 23S/30E/ . 23S/30E/ 22S/32E/  225/32€/ - 24S/30E/
. 23cda - 35Ddd 35Bbb 35Bbb. .. 11Aba
Date sampled -~ 7/68 9/68  9/68- - - 5/80 .~ 5/80
Temp. (°C) Y .22 72 2 2
pH -~ 7.8 . . 7.5 9.5 9.6. - - 7.9
 Conductance - -~ - 289 : 2100 716 622 172
umhos/cm ) : ) s - . a
‘Alkalinity © ot - ont nt C1930 82
X, 'as'mg/1 HCO, © - | o e
X as m?/1 CaQOBZ | : | | : .
‘Hardness - - nt nt nt 2 [A' 22

as mg/1 CaCO3

Total dissolved 221 . 165 499 523 - 149
solids ' . ‘ L
$i0,

, 60 . 46 - 89 104 . . 54,
Na 35 35 187 147 - 2.
K . 6.9 3.2 1.8 1.3
Ca o 15 8.2 1.0 0.3
Mg 57 1.4 0.2 <00
1 L 38 42

As nt nt o 0.06 0.063 .033
B S 0.53 0.2 4.0 6.7 .38
Li o nt . nt a0 <04

F ' 0.5 . 0.6 2.8 5.1 0.5
Fe (total) .05 .02 03 0.20  <0.05
AV - ot "~ ont nt - 0.4T . <0.10
HO, 128 92 49 - St Tt

o
Le. a .
O O o~ N
Gl =~ W o (=3

o
o

PO, « oot nt nt . 0.027 0.021

S, .. 8 6 8 759 1.9
Noy o 3.8 20 nt . 003 0.28
Nt ot it 090 0.03
) o T e



... S0

" Table 3. :‘Spring and well chemistry of the northern Harney Basin area--Continued .
A11 measurements. are in mg/1, except for pH or as indicated. nt = not tested;
. tr = trace.. -, S = ' - o

Harnéy Harney'
- ‘ Valley Valley o
" . Rest Stop . Dev. Co. Dev. Co. . Develop- ‘Fischer
Well 0il Well 011 Well ment Well Well
Location . - .* . 23S/30E/  24S/326/  24S/32E/  23S/30E/ ~  24S/30E/
. . 36Cbb - - 8Dab glab 35Abd  2Dab !
Date sampled  5/80 - 9/68 . 5/80 10/80 10/80
Temp. (%) . - 26 4 - 50 265 25.5
pH o 8.0 9.6 9.9 8.33  8.43
Conductance = 7 602 - 540 220 210
umhos/cm A '
Alkalinity =~ 73 nt , 252 - nt . . nt
¢ as mg/1 CaCO3 o o |
Hardness 28 3 <1 15 30
as mg/1 CaCO3. o : | ' L
Total dissolved 15 . 3% 416 178 140
salids ¢ | - o _ ’ '
510, 598 72 - 92 4537
Na 28.9 135 19 32 30
K- 2.6 16 0.8 4 3
Ca : 8.9 . 0.8 0.1 8
Mg D - B 0.2 0.1 2
1 . 61 M - 205 8 8
As 0.019  nt 0.015 <0.680  <0.680
B 0.3] 4.11 4.93. 0.5 - 0.6
L 0.1 nt <0.1 <0.054 <0.054
E 0.4 12 | 1.2 0.5 0.6
_Fe (total) - <0.05 0.20 <0.05 <0.027  <0.027
N\l - <010 - oot 0.16 <0.680 . ° <0.680
,iHFQS S nt - 94 ’ nt nt nt
PO, 0.044 it 0.010° nt Nt
. 3.0 29 9.7-° 13 s
NO, 0.24 0.2 0.02 nt - nt
NH, 0.05 nt 2.77 tr g

—].2 -



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

Trailer - Soldier - " Soldier Burns
Court : Creek Well - Creek Well.  -High School
Well . = _#1 (50') #1 (600') o Well . .

Location - 235/31E/ . 22S/326/  225/32E/ 235/30E/
e . 36Bdc.” - 32Aad- - 32Rad © 13Cbc
Date Sampled .~ 10/80 . 11/80 . 1/80 o 10/80
Temp. (°¢) 2.5 15 - 22 1622

pH .- 824 B.26 8.23 1.2
Conductance - - ;210. 3 o o

umhos/cm - SR T
Alkalinity’

Xh‘asvmg/ﬂ HCO3

X, as mg/1 CaCo

ntoo. "'nt, _ o fr,nt%'i
'nt" o | nt "nt‘ nt

Hardness . . . .. T - ' | - o

‘as mg/1 CaCO, %ot R nt o 51

Total dissolved 150 1% 206 178

solids ‘ : ' ‘ : SR
a9 T e
AS e L <0.680 -, .<0.625 . . <0.625 - . <0.625
B 02 T <0128 0 <0.125 0 T <0.125
LT 04054 <0.05 0 oo <0.05. G <0.05
P EnToe os o 0 0 o6 0.3

Fe (total) = .<0.027 ~  0.15 - . <0.025. .. -<0.025.

AL - <0.680 . <0.625 . <0.625 - - <0.625

HCO5 o mt o att 0 et Toap

o =

‘o -

304 | . o H‘ .' 214 e s | 4
NO3 . .. ' | nt ) - C nt ) . o ._nt | '-nt_

Ny . tr ot St tr
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Table 4. <Geothermetmc calcu]at1ons* of minimum reservoir temperatures “for

- - se]ected therma] ‘waters of the northern Harney Basin -

. O

Ty

~ Bar Negat1ve Hotchk1ss Hotchkiss Hotchkiss Hines Lumber
7 Well _ We11 C  Well - Well Co. Well #1

Flow rate” l.r;:f},1oo+ o 2271 6624

11ters/m1n N R : S

.Measured :‘ S }6:f = '_e'33’ o 27 o 27 25

temperature . - .. S : I ' -

-C'"'”lv L . _ .

CNak o 07 - irs 160 170 190
Na:K:iCa .. 136 157, . 146 - 155 . 167

Na:K:Ca - - 118 - 62. . "5 6 - 70

4/3 8 S g : It e

o .

Na:k:ca. . .28 83 8 86 86

: Mg corrected e ' :

'C . | . , . .

si0; SRR 17T A 5 S 3 106

conductive - ' R ' '

5

sio, . - 104 98 vi03 99 . 106

adiabatic ' .

OC | |

$i0, 7 Y. 73 68 77

chalcedony ' ' : -

o .

Si0, -2 S 18 - -13 -17 -10

opal - o S |

°

*Methodology for~ea1e0ﬂa;ibns preéented ih#Appendﬁfo. NC = not caTcuTafed;
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Table 4. Geothermetricvca]cu]ations* of minimum reservoir temperatures for -
selected thermal waters of the northern Harney Basin -- Continued

'.; T City of Goodman Hines Mill Hines Mil1 Powerhouse

I Hines Well Spring Well #1 Well #2 - Well

| ' " . (Hotchkiss) : o

Flow rate’ 2555 79 pumped ~_ .pumped - pumped
' 11ters/min. o ' - _«1
Measured = 17 22 285 . 21.8 25
' temperature | A |
°c.
Na:k o 230 - 169 199 208 175
CNaik:iCa . 1% 16 72 a7 189
1/3 8. i o ’ AR
Na:K:Ca . 81 69 0 71 69
4/3 8 = | | - '
%:
Na:K:Ca 57 8l 90 89 106
Mg icorrected ' o . ' : ' .
oC. : |
Sie, . e . 97 - 9% 88
conductive S i L
S | |
sio, 10 99 % . 9% 9l
adiabatic : - ‘-
o0 | |
sio, 81 68 67 63 . 57
chalcedony ’
sio, -7 A7 18 -21 -25
“opal ' o
OC '

-

*Methodology for ca]CUIatfdné presented in Appendix'A.' NC - not'calcu1ated.
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Table 4. Geothermetric caiéy]étibns* of minimum reservoir temberhtuiﬁ
selected thermal waters'qf,the-hOrtherthafney-Basin -- Continued .+

' . . . . T 3

~0.J. Thoms  6.3;,Thomas Potters Rest Stop Harney Valley
oo Well 0 Well - . “'Swamp Well ‘
S '
Flow rate ~ 1000+ 1000+ " 100+  pumped
liters/min. ‘ ST o L :

-

Measured . . 72 ' 997 6
temperature . e . o

”

° T B

Nask 60 50 'i60 168

Na:K:Ca 104 0 - c 101 ¢ 147 152
1/3 8- i
°c
Na:K:Ca a6 13 . 59 60
OC ‘ |
Na:K:Ca 99 N 102 o
Mg corrected o = o
% | ‘ ,
510, 13 L 139 105 110
conductive B ' r
OC '.

' o s
5i0, 127 135 106 110
" adiabatic v s

o B L |

10 103 o0 13 76 8]
chalcedon T .

°

S1'02 | 1no 19 : 4 .
opal - ; ‘

Oc - - .

-
PN !

*Methodology for calculations presented in'Appendix A. NC = fiq
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Table 4. Geothermetric calculations* of minimum reservoir»temperatures'for'
selected therma] waters of the northern Harney Basin -- Continued

Harney Valley Development F1scher we1] Trailer Court Well
Dev. Co. 011 . Well : ‘ :
( Test Well '

Flow rate AI - 100+ - *"pumped pumped pumped
Titers/min. o : » _
Measured . 50 2.5 25.5 26.5
temperature o B : _

Natk % 192 175 180

Na:K:Ca. o2 159 160

L 1/3 8! - : TR

OC‘ | |

Na:K:Ca R V' T 69 63

43 :

OC_ |

Na:K:Ca 71 on 101 115

Mg corrected - ' _ :

0. |

si0, 133 97 88 . 95

conductive ' - |

OC |

Si0, ¢ 129 98 o1 97
“adiabatic ' ' '

OC" |

510, 105. 67 57 | 64
chalcedony ' ' :

og

Csi0, 13 18 -2 -0
opalt ‘ ' ' | |
¢

“*Methodology -for calculations presented in Appendix A.  NC‘=_not_cajcu]ated1

!
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the Timited data of this reconnaissance study are inconclusive on this point;
Therefore, before detailed analyses of fluid provenance and movement can be
made,'a detailéd‘sampling program including oxygen-, hydrogen-, and sulfate-

isotope analyses must be undertaken.



GEOTHERMAL-GRADIENT AND HEAT—FLOW DATA*

Thegtemperature—gradient andéheat-flow_resuits for the north Harney Basin
are as sden in Table 5. Included in the table are the township/rangeesection

5. ) . . . . . ;

and latitude: and longitude location of each hole. In addition, the-hd}e,name,
date of ngging used, and collar elevation are included for each holei:LThe
bottom'hdte'temperature, maximum debth, corrected temperature gradients and, where

avai1ab1é{,corrected‘heat flow areuprinted in blue on Plate 1. These values. are

also listed in the table, as are the depth interval and average thermaIfeonductivity

‘ used_forﬁéa]cu]ation of the gradient and heat flow. The values are gtven in SI

units. To transform units, the fb]]owing conversion factors were used: 1 x 40'6

2 3 1,-1

cal/em? sec (HFU) = 41.84 mim™ cal/em secOC (TCU) = 0.4184 Wm K", and

-1

. t x 107
19C/Km-5§1_me =18.2°F/]00 ft. ECorrected gradient and corrected heat’f]ow are
values fhr'which the topographic effects have been removed. These areinot signifi-
cant forgmost of the sites studied. |

The ho]es are ranked in terms of the qua11ty of the gradient or heat f]ow
1nformatnon ~ high quality (A), good quality (B), marginal qua11ty (c), data with
some brdb]ems (D), and data for which no useful temperature grad1ent or heat f]ow

can be estimated (X). Al1 therma] conduct1v1ty measurements were made ‘on cutting

samples. -
. § . : ) ) |

Most. data in the. north Harney Basin have been obtained in holes drilled as
water wells, so most therma] -conductivity va]ues are estimated (parenthes1s) or
based on one or two cutting samples from surface spoil piles. Severa] of the ho1es
are artes1an, and gradients are est1mated based on the bottom hole temperature and !

the assumed surface_temperature These grad1ents are maximum va]ues, because .50me

*By D. Q.{B]ackwell,'Southern“Methodist University, Da11as, Texas. ltxi«hA'" ¢
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IR ~‘Table.5. Geothermal-aradient data, north .Harnev:Rasin,.Oregon.

Corr.

B B o . . Bottom Depth Uncorr. : Corr.
Twn/Rng= _ N Lat. " W'Long  Hole # Collar  Temp. Intérval Avg. TC # Gradient Gradient HF 0
Séction Deg.Min.; Deg.Min. Date. Elev., (°C) (m) wm™ k™! TC °C/km °C/km mWm~% . HF
225/32E~ 43-38.53 118-52.35 TILLER 2 1277 19.@9 20.0 ( .96 2.1 71.8 ‘€8 C.
27BA ¢ 5/22/80 - : 57.9 ' 4.7 o -
205/3PE-  43-38.35 118-51.62 TURDY - 1299 ©  12.95  i0.0 ( .96) 68.1 6.1 &6 C
26BB : Cooe T 521,80 . 40.9 3.6 '
2PS/3PE- 43-38.30 118-54.17 TILLER 3 1286 .  20.12 10.9 206.0  226.0
27AC o o 5/22/80 - 25.0 12.7
. ' 25,9 ¢ .96) 72,4 2.4 76 C
96.0 : : 3.5 ~
256/32E- 43-38.08  118-52.75 TILLER 1 1265 = 16.48 5.0 ( .96) 78,6 - 78.6 76 B
a7(B . . 5/22/80 i 100.0 2.4 ‘ ,
225/33E-  43-37.62 118~38.50 TEMPLE 1268 15.84 .0 > 48.0 X
27CD — 5,20/80 138.9
225/32E- 43-37.20 118-55.67 BLCKBURN 1269 12.79 15.0 « .96) 53.5 53.5 51 c.
31DB ; . 5/22/80 48.0 , 2.2 .
225/32E- 43-36.9¢ 118-52.60 RICE 1260 27.39 .0 ( .96) <140.9 <140.0 < 134 [
34CC 7 A _ 6/11/75 S5.0 '
225/32E~ 43-36.87 118-51.88 HIY 20 1261 29.19 10.0 573.8 573.7 C
- 34DD o 5/20/680 35.0 . 15.2
35.0 181.7 .181.7 C
60.0 3
10.9 ¢ -.96) 355.0 354.9 341 B
62.0 70.2
235/32E- 43-36.32 118-49.17 XHANSON 1259 13.69 5.0 ¢ .96) 74.6 74,5 72 B
&CB , 5/22/80 : - 51.9 1.7
24S/32E~  43-31.33 118-49.32 NINEMILE 1257 38.45 19.0 a2v3.5 273.5 c
iAD . : . 5/16/80 : 35.9 3.8 :
35.9 1839.5 189.5 ()
' £0.0 .2
pY 60.9 155.8 155.7 c
. 130.0 1.7
130.0 97.9 97.8 C
160.@ .1 .



Table 5. Geothermal-gradient data, north Harney Basin, Oregon--Continued
' ' o Bottom  Depth . Uncorr, Corr. Corr.
Twn/Rng= N Lat.. W Long  Hole ¢ Collar - Temp. Interval Avg. TC . # - Gradient Gradient HF 0
Section  Ded.Min. Deg.Min. . Date Elev. (°C) S o(m) o wm ikl TC  °C/km- ~ °C/km mwm™% HF
L 10,8 . .96) . 1g5.g 165.8 159 ¢ .
_ 5 | A 08 T R
BASE-  43-30.23 116-54.27 STEURNS  (one _— | - s | o4
e . . NS 1 . - . . - B ¢ N-E . N o
= s : Ly, “:125:? - s4.62 IR R }_‘96)‘, 284.0 R -

- 1=



portion of thée flow may come from deeper than the maximum depth actually logged.
Also, some of the holes show large variation in geothermal gradient with depth,
indicating some nonconductive effect on the data. Complete interpretation of the
data set will require detai]ed understanding of the hydrologic and géologic

conditions.‘

- 22 -
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CONCLUSfONS AND RECOMMENDATIONS

&hé reconnaissaﬁte study performed for the northern HarneleaSih haé
' tentat1ve1y def1ned two low-temperature resource areas within p1p1ng distance
of Burns wh1ch merit further investigation. They are (1) the area near the
So]dyer Creek shear zone (Plate I) and (2) the area immediate]y'SQch, west,
and*eagtvof the city of Burns. Site-specific analyses of these two éreas should
be cqfried out under one field program and include the following: R
1. :Detai]ed (éca]e of 1:24,000 or less) geologic and photogeo]ogiC'mappfng
‘of Burns and Harney 15-minute quadrangles -- to identify and evaluate
act1ve and/or therma] st;uctures ?
'2. Deta11ed spring and well :sampling and analyses, including 1sotope ana1-
yses -~ to determine fluid flow directions and provenance.
3. Closely spaced complete Bouguer and residual gravity anoma1yistudjes-and
.;éeromégnetic studies -- to delineate possible active thermal stYuctures
‘below the basin fill. |
4, ,;Several resistivity traverses (either dipole-dipole, roving dipole, or
*iéi]uric) in an east-west direction -- in order to further define the
 “thermal regime.
S.,  Aimférqearthquake/contembbrary seismic study of the entire Hakney_Basin,
‘making use of a high-gain seismometer array -- to define the séismicity
. Of,the‘area in relation to the geothermal system.
6. A program of twenty to thirty 500-ft gradient/stratigraphy holes, followed
by a program of .five to ten 2 ,000-ft grad1ent holes -- to model heat flow

and d1rect1y test geothermaT aquifers.

- 23 -
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 APPENDIX A -

R Formulas used in calculations

Na:K (rgyiséd): N 4t. C loQ (Na/%%lz T 483 273, 15 (Fournler, 1979) S
S et L

CoNazKiCail o o 1BAT sma vk (b rusdell, 1973),
T O¢ = 3728 + F(T) _:273f1§:(Fourn1er andﬁTrqe; e _)1

log (Na/K) + [ & Tog (/Ca/Na) 1,

where F (T) =
© 8 =1/3if t> 100°C, and 4/3 if t <100°C,
tpC = calculated reservoir temperature,

.. and concentrations are expressed in molality.

Magnesihm cdrreciion ratio:
b " (milliequivalents Mg) ~ X ]00
R = {milliequivalents Mg) + (m1]]1equ1va]ents Ca) + (m1111equ1va1ents K)
If R <5 or >50, no calculation was made. For R Letween 5-50, _
AtMg = 10.66-(4. 7415 A(R) + [(325 87) (log R) ] - [(1 032 X IO ) (1og R) /T] -
[(1 968 X ]O ) (log R) /T ] + [(1.605 X 10 ) (log R) /T ],
where R magnesium correction ratio expressed in equivalents,

\At

Mg = the temperature correction that is subtracted from

- the Na:K:Ca 1/3 B calculated temperature,
T = Na:K:Ca 1/3 B calculated temperature in .
-Or,Ath can be obta1ned by us1ng the graph comp1led by Fournier and - Potter (1979).

5102 temperéture calculations (Fournief and'Rowe, 1966):

1309

SiOZ (Sonduct1ve); - +9¢ = 5;]9 ¥ Tog (SiOz) - 27?.15
ol 1522 '
510, (qé1abat1c), 4% - 5.75°F log (S10,) - 273.15
$i0,, (chalcedony), | ) f 1032 o
z - t° = 7897 Tog (570,) ~ 47319
5i0, (opal), R 731 Cpga e, :
2 . t% = TEZ ¥ Tog (Si0,) T 318 .

- where Si0p is expressed in mg/1.
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- LOCATION: BURNS AMS, OREGON -
225, 32E-27BA
: L : HOLE NAME:  TILLER 2
e s . : ' DATE MEASURED: G5./22/80

e e "~ DEPTH ~=DEPTH- - - -~ - TEMRERQTURE _ ___GEDTHERMAL GRADIENT.
C METERS "~ FEET "DEG C DEG F ~ DEG C/KM DEG Fr1e@ FT
190.0 32.8 15.04 59.07 : 2.0 9.9
20.9 65.6 16.110 6l.0@ 107.0 5.9
- 25.0 82.0 16.718 ~ ©62.08 - 120.0 6.6
30.9 S8.4 17.100 62.78 78.0 4.3
= 35.0 114.8 17. 480 63.46 76.0 4.2
7 48.0 131.2 17.800 64.04 64.0 3.5
- 45.0 147.6 18.170 64.71 4.0 4.1
50.9 164.0 18.460 65.23 58.0 3.2
- 55.0 180.4 18.65¢ 65.57 38.9 2.1
57.0 .Q 19.000 66.20 175.0 9.6

1P, JU9LPRAD- [ PUIBYI03Y
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LOCATION® BURNS AMS, OREGON
225, 37E-26BB

- G¢ -

COOOOOD®

HOLE MNAME: TURDY :
_ DATE MEASURED: S.21-80 :

- DEPTH - -+~ - - -TEMPERATURE . .. _GEOTHERMAL GRADIENT
FEET DEG C DEG F DEG C-KM DEG F-1@0 FT
32.8 10.920 51.66. 2.0 g.0 -
49.2 11.160 52.89 48.0 2.6
65.6 -11.470 52.65 62.9 3.4
82.0 11.788 53.2e 62.0 3.4
98.4 '12.190 53.94 82.9 4.5

114.8 12.600 54.68 B82.9 4.5
131.2 12.9e0 55.22 60.09 3.3
137.8 12.950 55.31 25.e 1.4
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-~ ~ DEPTH

METERS

. LOCATION: BURNS AMS, OREGON

HOLE NAME: TILLER 3 |
DATE MEASURED: 5/22/80@
DEPTH- . . .. . __TEMPERATURE

FEET DEG C DEG F°
32.8 11.500 52.70
49.2 12.380@ 54.28
65.6 13.240 55.83
g2.@ 14.980 58.96
98.4 15.240 59.43
114.8 15.530 59.95
131.2 15.890 . 50.60
147.6 16.200 61.16
164.0 16.700 62.06
180.4 17.950 62.69
196.8 17.558 63.58
213.2 17.960 64.33
229.6 18.330 64.99
246.¢ 18.650 65.57
262.4 18.97@ 66.15
278.8 - 19.28@ 66. 70
295. 2 19.500 &7.1@
311.6 - 19.660 67.39
.9 20.120 68.22

225-32E—-27AC

GECTHERMAL GRADIENT
- DEG Fr100 FT

" DEG C/KM
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" . LOCATION: BURNS AMS, OREGON
T 2PS,3PE-27CB
HOLE ‘NAME? - TILLER 1

. : _ .- DATE MEASURED: &/22/80 - - . . -
* ~DEPTH - . < DERTH. . ... .- - TEMPERATURE . - GEOTHERMAL_GRADIENT
METERS. .~ FEET " UDEG € DEGF - - --DEG.E/KM . DEG F-1@@ FT
5.0 16. 4 9,030 48.25 0.0 0.0

10.0 32.8 3. 400 48.92 - ..74.9 4.1
15.9 . 4912 3.770 4.6 740 4.1

© 20.0 65.6 10120 - 5@.22 . 70.0 3.8
35.9 '82.0 - 10. 440 50.79 . - 64.0 3.5

. 30.0 98, 4 18.79¢  51.42 7000 ‘3.8
35.0 114.8 11.150@ 52, @7 - 72.0 4.0
 42.0 131.2 _11.510 52.72 . 72.9 4.0

- 45.0 147.6  ~11.830 53.29 " 64.0. 3.5
50.0 164.0 12.2%¢  54.12 29200 ‘5.9
S5.0 180. 4 ‘12.710 54.86 . . .84.0 4.6
60.0 196.8 13.149 55.65 T 86.9 4.7
65.0 213:2 - 13.570 - ‘56.43 .-~ B6.® 4.7
70.0 229.6 14.120 57.42 | “11e.0 6.0

- 75.0 -246.0 - 14560 58.21. . ‘88.0 - 4.8
80.0 262.4 - 14.850 58.73 .. 5Bie™ 3.2 -
- 85.9 273.9 15.190 - 59.34 .0 6B.0- 3.7

' 99.0 - 295.2 ©'15.59@ 60.06. | Bo@ 4.4

. 95.0 ' 311.6 16.030 .. 60.85 ° | '88.0 4.8
100.0 328’0 . 16340  61.41 .. 62.0 3.4
104.5 342.8 16.480 61.66 - . .  31.1 1.7
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LOCATION: BURNS AMS. OREGON

'HOLE NOME:
.- . DATE MEASURED:
. ; :DEP:I'H T

- 225/33E-27CD
TEMPLE
5/20.-86

~w— = TEMPERATURE _ .
"DEG C DEG F
9.650 49,37

© 9,670 43.41 .
'9.680 49, 42
9,690 49,44
5. 690 49. 44
9.710 49, 48
3..750 49.55
9,730 49,51

- 3,750 49,55
3.770 439.53
g7 49,59
9.810 49.66
5.850 49.73
9.850 43.75
3,840 43.71

. 9.840 43.71
2.830 49,69
3. 858 48.73
3.870 49,77
3.87 49,77
SPE=Ian 49,80
9,830 . 49.80
9.880 49,78
9.91¢ 49,34
13.030 55, 45
15.319 539.56
60.51

__GEQTHERMAL GEADIENT - . =~
DEG C/KM  DEG F/10@ FT - . %
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LOCATION: BURNS AMS, OREGON

225-32E-31DB -

HOLE NAME: BLCKBURN
- DATE MEASURED: 5-/22/80
DEPTH- - - : - ~TEMPERATURE . .
FEET DEG C DEG F
32.8 11.010 51.82
49.2 11.050 51.89
65.6 11.300 . 52.34
- 82.0 11.520 52.774
. 98.4 11.730 53.11
114.8 12.280 ‘53.74
131.2 12.398 54.30
147.6 12.620 54.72
157. 4 12.790 55.02

__GEOTHERMAL. GRADIENT
DEG C/KM . DEG F~10@ FT .
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LOCATION: BURNS AMS, OREGON
225/32E-34DD

"HOLE NAME:  HWY 20

DATE MERSURED: 5./20-80

fT”ffWDEPTH“ " DEPTH "TEMPERATUR ~ GEQTHERMAL GRADIENT

E

METERS ~ = “FEET -~'- DEG-C.... DEG.F DEG C/KM  DEG F/10@ FT
10.0 32.8 10.820 51.48 0.0 0.0
15.9 49.2 12.580 54.64 352.0 19.3
20.0 65.6 16.000 60. 580 684.0 37.5
25.0 82.0 19.220 66.60 644.0 35.3
30.0 98.4 22. 160 71.89 583.0 32.3
35.0 114.8 24.510  76.12 479.0 25.8
49.0 131.2 25.55@ 78.06 - 216.0 11.9
45.0 147.6- 26.670°  80.01 216.0 11.9
50.0 164.0 27.610 81.7@ 188. 0 10.3
55.0 180.4 28.41@ 83.14 160.0 8.8
60.0 196.8 '28.990 84.18 116.0 6.4
62.9" 203. 4 @ 5.5

29.19@ 84.54 10@.
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LOCATION: BURNS AMS, - OREGON
235X38E- 6CB 32 €

Ty -

OO

HOLE NAME:  HANSON | - ‘ e e

DATE MEASURED: 5-22/8@ -
- DERPTH . .. %1,'%ATENPERQTURE . . BEDTHERMHL GRADIENT .-
. FEET : ;D DEG F DEG C~KM - DEG F/100 FT
16.4 19.320 50.58 0.0 0.0
32.8" 19.630 51.13 62.9 3.4
49.2 10,950 51.71 64.0 3.5
65.6 -11.320 52.38 74.0 4.1
82.0 - 11.720 53.10 . 80.0 4.4
98. 4 12.090 53.76 74.9 4.1
'114.8 12.490 54.48 g80.0 4.4
131.2 12.910 55.24 84.0 4.6
147.6 13.260 55.87 0.0 3.8
164.09 13.580@ 56.44 64.0 3.5
- 167.3 13.690 56.64 "110.9 6.0 -
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LOCATION: BURNS AMS,

245/32E~ 1AD

HOLE NAME:  NINEMILE
____DATE MEASURED: 5-/16/80
. DEPTH - .. .TEMPERATURE _
FEET DEG C DEG F
32.8 13,050 55.54
43.2 14.510 58.12
65.6 15.5390 60.06
82.9 17.200 62.96
98. 4 18.530 65.35
114.9 15.920 67.86
131.2 20.970 69.75
147.6 21.540 71.49
164.0 22.589 73.18
180. 4 23.730 74.71
196.8 24.710 76. 48
213.2 25.500 77.90
229.6 26.190 79.14
246.0 27.11@ 50.80
562. 4 27.990 82.38
278.8 28.790 83.82
295.2 29. 470 85. 05
311.6 30.320 86.58
328.0 31.040 87.87
344.4 21.650 83.33
360.8 32.560 90.61
377.2 33.360 92.05
393.6 34.1680 33.52
419.0 34.860 94.75
426. 4 35.510 95.92
442.8 36.120 97.02
459.2 36.669 97.93
475.6 37.170 98.91
492.9 37.620 99.72
. 508. 4 38.080  100.54
524.8 38.45¢  1e1.21
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LOCATION: BURNS AMS, OREGON

245-32E- 8DA

HOLE NAME: STEVENS
DATE MEASURED: 51580
DEPTH - -+~ TEMPERATURE
. FEET DEG C DEG F
16.4 51.08¢ 123.94
32.8 51.58@ 124.84
49.2 51.880 125.38
65.6 52.050 125.69
82.0 52.180 125.92
98.4 52.300 126.14
114.8 52.390 126.30
131.2 52.470 126.45
147.6 52.530 126.55
164.0 52.560 126.61
180.4 52.610 126.70
196.8 52.660 126.79
213.2 52,700 126.86
229.6 52.77@ 126.99
246.0 52.83@ 127.e9
262. 4 52.890 127.20
278.8 52.960 127.33
295.2 53.010 127.42
311.6 53.08¢ 127.54
328.0 53.150 127.67
344.4 -53.190 127.774 .
360.8 53.260 127.87
377.2 53.386@ 128.08
393.6 53.520 128.34
410.9 53.73@ 128.71
426.4 53.940 129.09
442.8 54.11@ -129. 49
459.2 54,230 129.61
475.6 54.33@ 129.79
492.0 54.410@ 129.94
Ses. 4 54.48@ 130.06
524.8 54.560 13¢.21
541.2 54.630 130.33
557.6 54.720 130.50
574.0 54.800 130.64
577.3 54.820@ 130.68

_GEOTHERMAL,_GRAD]IENT
DEG F7100 FT

DEG C-KM -

) 2.0
- 100.0
60.0
34.0
26.9
24.9
18.@

- 16.@
12.0
6.0
10.9
190.9
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INTRODUCTION

fhe étudy éreaiis located at the northern end éf a Targe circﬁ]ar toyo-

'graph1c depress1on 1n the central portion of eastern Oregon known as the

Harney Bas1n (F1gure 1). Limits of the study area were arb1trar11y set at

the boundar1es of available U. S. Geo]ogica] Survey (USGS) topographic maps

at TatifUdés 430'45f.0n the north and 43° 30' on the south and at 1ongitudes

) ITQO 15' on the west and_1189 30' on the éasf. This study, performed under, -
_ U. S. Department‘of Energy (USDOE) Contract No. DE FC07-79ET27220, was under-
'llfagen'to estimate the geothermal potential of the area by using various methodsf
%nc]uding compf]ation of existﬁng data, reconnaissahcé geologic mapping,‘1ine-.
- ément{ana]yéis;‘weli:and_spring geoﬁhemistry, and acérUa1 of~geothermal—g}adi- |

; ent data.

Geographiﬁally, the studyiarea is comprised of a 5,180;km2 (200-m12) rela-
vtivé]y'flat, closed drainage basin surrounded by mountainous high]anas. Total
relief in the basin is less than 9 m (30 ft), and the total relief in the high-
1ahds ié more than»600 m (2,000 ft). The only major popU]ation center is the
county seat of Burns with the adjacent community of Hines, both of which are
1ocated on the western edge of the bas1n " The rema1nder of the northern

Harney Basin is comprised of.swampy bird habitat, cattle ranches and range

land, arnd scrub fpkests in the higher elevations. brainagé within the‘baégh}_

is toward the south and east fhroUgh Sage Hen Creek from the west, Silvies

“River from the north, and Malheur STough from the east.

L ek
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GEOLOGY -

The geologic map (Plate I) of this afea js based on (1) a field check
of thé pﬁb1ished map by Greene.(1972) of the Burns 15-minute quadrdné]e, with
minor‘?eVisions, and (2) an origina]»reconnaissance study, conducted during
the .-fall of 1979 and the spring of 1980, of the Buchanan, Carson Point, Stink-
ihgwafer Pass, and Mahon.Creek 7%-minute quadrangles and the Harney 15-minute
quadrdngle. ‘Lithologies and age assignments were based on hand-specimen
identification, 11m1ted K/Ar ages (Table 1), and bulk chemistry (Tab]eAZ)
~ Areal extent of units and other field data were plotted on USGS topograph1c
maps; specific points were located by Brunton compass and pacing; NO'aeria1

photographs were used in mapping..

Table 1. Radiometric (K/Ar) éges of selected rocks of the northe}h_Harney Basin

Sample no.* Location Rock, type Age** . , Stratigrqphic-unit

ML-114-75 11283;:89:' 3;;;cic *14.7440.5 my Tmrd
G-54—§+661'” 1138@3:13: Rhyodacite- %7.8240.26 my - Tmrb
ML-33-75 112 ;g ég: Rhyolite "7.55+40.10 my T
MK-3-79 113 08,127 Rhyolite ©7.54+0.10 my ‘:_~ lfﬁrp m ‘ 
§-257;3766, Ailiogi 12 Welded tuff  36.82+0.33 my Tmtr

o N ‘ ‘
* References: G - from Greene and others, 1972; ML - from McLeod and others,
. 1975; MK - from McKee and others, 1976.
**s - sanidine age; a - anorthoc]ase age o - .obsidian age; n - no method g1ven.




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

" Compo=: *G-9-3 .6-9-6  -B-0-20-2 G-9-1 B-0-19-2

~nent .. - Tmtd  Tmtd Tmtp o Imtd  _Tmtr
sio, - 736 740 n2r 12 75.82
o, L 026 - 0.8 0.18 0.21 . 0.2
M0, M2 2.2 1373 1.6 . 12.59
© FeO (Total Fe)  2.66 2.6  0.30 3.2 1.48
MgO | '_:"' 0.83 0.24 0.16 0.13 0.04
ca 071 0.3 0.14 0.25 0.29
Na0 3.8 4.0 4.02 3.7 3.9]
K,0 ‘ 4.5 4.6 _4.37 4.4 4.18
 Total 97.62  98.72 97.17 98.66 98.53

* References: G - from Greene, 1973; B - from Beeson, 1969.




The geo]ogy_ot the northern Harney Basin is comprised of a framework
of three flat- Ty1ng, extensive, late Miocene ash-flow sheets on]app1ng a
_ reg1ona1 un1t of earTy M1ocene f]ood basalts. These ash fTows, named in
:order of 1ncreas1ng age, the Ratt]esnake (unit Tmtr on the geoTog1c map)
| Prater Creek (un1t IMtp), and-Dev1ne Canyon (unjt Imtd) Ash-f]ow_Tuffs, are
separated by dtscrete_sedimentary units, 1imited basalt and»andesite fTows;

and silicic intrusions.

. Trace element studies (Park and Armstrong; 1972) 1nd1cate that the ash-

o fTow tuffs, the s1T1c1c 1ntrus1ves, and the related mafic fTows, for the study
v area as weTT as for adJacent areas to the south and west, const1tute a gene—
t1ca1]y re]ated b1moda1 compos1t1ona1 assemb]age. ATthough deta11ed re]at1on-_

shipsfare uncTear at the time of.this study, at least one ca]dera——thejsource
Tor‘the'Devine Canyon Ash-flow Tuff--is located in the study area~near Burns
(Walker; 1979). 'The oldest unTts recognized in the field Were found'in‘the
northwest corner of the map:area‘and are-the'early Miocene basalts (unthTMba)
datediinfadjacent areas at 12.1 to 20.2 m.y. The youngest_bedr0ck units.are
mafic vent complexes.and associated flows (units gTm and. QTb) near Burns. dated
at 2.3 to 2.9 m.y. (Parker, 1974). Comolete age relationships of aTT units . -

are presented in the time-rock chart included on the geologic maph(PTate,I).

' Tau]ting in the northern basin follows three general trends..‘The'tirst is
the trend of the=Brothers fault zone (N.25°-35°.), which is exhibited most
strong]y 1mmed1ate]y west of Burns in the area of Burns Butte cuttlng al] oe01091c
' un1ts present 1nc1ud1ng the aforement1oned 2.3- to 2 9 -m. y. —on basa]ts Mot1on .
-on these faults appears to be d1p sT1p, however, severa] 1nvest1gators (MacLeod |
and others, 1975) feel such motion may be the surface man1festat1on of a
r1ght Tateral wrench system at depth. The second trend 1s the Ba31n Rangelri'
trend_(approxtmatelx,northesouth) found. throughout the eastern port1on of the |

i

..5_’_



study areé; cutting all lithologies present§ Although some of these faults *
‘appear toébe dip-slip, they may have some'strike—s]ip or oblique-s1ip compon-
ent, spec1f1ca11y a]ong Soldier Creek in the north- centra1 portion, where .an
extens1ve]y m1nera11zed north- str1k1ng fault zone appears to contain some
~r1ght lateral component and may represent a major structural discontinuity
for the basin. The third trend (N.40 -SO‘W;).occurs in the east—centra] por-
tion of the‘study.area and appears to represent a transifiona] trend between!
ffhe érothefé trend and the Basin-Range trend. This transitional trend ends

abruptly at ‘the Soldier Creek shear zone.

‘A Tineament study (Plate iI) prepared for this report from U-2 and Landsat
imagery shows a one-to-one correspondence of structural trends with the mapped
fault trends. It‘also:shows a:number of lineaments that cross the aT]uvium-

filled basin buf which could not be traced-through geologic mapping.

Folding of the units 1is generelly in the form of broad, shallowly dipping
anticlines and synclines plunging toward the center of the basfn. Exceptions
are‘éeVera] sharply folded 1oea1 stfuctures adjacent and probably subsequent
to major fau]ts (e.g;; the_So]dfer Creek shear zone). In the past, investi-
gatofél(Gfeene; 1972; Greene and'otheke, 1972) havelshownuthe northern highlands
to be é homecline'dipping 1nto_the Basin q%f a core of older rocks to the |
norfh.AbHowevef, the'mapping cennected wifh;this study shows a large number of
diScfete fault blocks. that dip away from the center of the basin. Downwarp-

ing of the basin itéeif'probabiy began dufing the middle to 1ete Miocene -
.(walker, 1979) and may. be continuing at present. The probable cause of the
downWarping is . the loss of material by vole;nic erupticn from the extensive .

ash-f]ow sheets and numerous flood basa]tsjand, to a lesser extent, the 1oss'

of volume due to loss of stored heat (Blackwell,. 1980, personal communication).



GEOPHYSICS

' .- .At the present time, no geophysical surveys are availab]e for the

horthéhn Harhey Basin.’ Recommendations for futuré'work fn'thié'extrem1y

" important area are included in. the Conclusions and Recommendations section

of this report.
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WATER CHEMISTRY

._ff
Dur1ng this study, fifteen we]]s, springs, and gradient holes were

sampled ahd their Waters analyzed. ° Together'with‘éfoting published ana]ysés
(Léonafd; 1970; U. S. Geological Survey énd Oregon'Departmeht of GeoTogy:énd:
" Mineral Industfies, 1979), a total of 21 %na]yses are available for evaluation
(Tab]é 3). - Published reports of the hydro]ogy of the Harney Bas1n (Piper and
others, 1939, Leonard, 1970) show a cons1dirab1e number of thermal anomalies; :

~however, a large number of the listed springs and wells either could not be

located or were not flowing at the fime oflihe,study.

Samp11ng temperatures during field cé]]eut1on ranged from 72°C for the .
0. J. Thomas we]] in the north- centra] port1on of the study area ‘to 179-22%
for artesian wé]]s and springs near the town of Burns. The natural waters of
the study area éan best be described as ggnera]]y low in chloride and high
in magneﬁiuh and bicarbonate. On the basis of preliminary evaluation of the
avai]dbfe data, two groups of waters are recognized: (1) The wells near
Soldier Creek and d1rect1y south, wh1ch appear to be relatively high in
silica (72-104 mg/1) and show re]at1ve]y h1gh Na:K atomic ratios (]44-260).and
hiéh contents of ions such as boron, arseqlc, chloride, and fluoride. The
estimated mihimum reservoir temperatures fér these wells aré in the moderate
rangé,,ca]culatéd to be approximately 100071300C (Tab]e 4). (2) The springs
and wells near Burns, which are Tower in siiica (37-60 mg/1); lower in Na'K
atoﬁic-ratios (11-15); Tower in relative amounts of boron, arsenic, chloride,
and fluoride; and Tower in calculated reservoir temperatures (75° -100°C),
They are a]solhigher in magnesium, which {s generally thought to indicate cooler
waters or waters that have traveled a 1onger distance from their source
(Fourn1er 1980, persona] commun1cat1on) ~The cooler waters near Burns may

represent a dilute species of the warmer waters found to the east; however,



Table .3.  Spring and well chemistry of the northern Harney Basin area. A1l
measurements arein mg/71, except for pH or as 1nd1cated nt = not tested;
tr = trace

'Cew Creek Bar'Negative Hotchkiss Hotchkiss Hotchkiss
_Spring Well : Well - Well Well

Location -+ 22S/324E/  235/32E/ 24S/30E/ - 245/30E/ 24S/30E/
P 14Ca, © 28Acd 1Aca - - 1Aca. TAca

Date sampled  9/31  7/68 - l0/80  &/31 9/68
Temp. (°0). . 2 6. 33 2
pH - R 3 8.37 nt 8.1
Conductance . nt L “771 9220 - ont . -]94
imhos/cm o . e IR A - B
Alkalinity . ‘nt. . nt At oat o ont
-Xh as mg/1 HCO3 S - o : 5 ‘ K

‘X ¢ as mg/1 CaCO3

Hardness o at L 30 30 - ot .t
as mg/1 CaCO3 - . : = : o ' '
Total disSo]ved‘_v. ‘nt | o 5]]  l]66 4 nf : o 155
solids S L < -

si0, ot 52 5 51 8
Na o ont. 172 30 30 3
Ko - nt 5.6 3 2.4 2.
Ca | - %6 .. 54 10 956 8.
Mgt 3.9 2 7.
o 9 16 7 . 5.2 5.
As - nt ot <0.680  nt oot
B a0 0.3 - nt . 0.06
Lo | ont ot | <0.054 nt T ont
P nto .. 0.8 0.5 . - nt 0.5
Fe (total) . nt . 0.3 . <0.027 0.0 .nt
Al ©ooat . ot <0.680 - nt Cnt
HCO, ot ot ot 95 93

[on = SN ¢ < B Vo

PO, ot f?‘e ot - ot oAt ht
S, & 04 - 12 13 n
Ny o .'vat; SR ) T : Sz



Table 3.

tr = trace

Location - -

Date samp]ed

Temp. - (°C)

pH -
Conductance
. umhos/cm
Atkalinity
Xh as -mg/1 HCO
X. as mg/1 CaCO
Hafdness
as mg/1 CaC03
Totalydisso1Ved
solids

.'si02"1“'

Na

Ca

e

C1

As. .

B

L

F

~ Fe (total)
AL -

HCOj
PO

=

S0

-

NG:

w

N

g

" Hines Mill

Spr1ng and well chem1stry of the northern. Harney Basin area-—Cont1nued
ATl measurements are 1n mg/], except for pH or as 1nd1cated

‘nt = not tested;

Powerhouse

] o
3

- 10 -

- tr

ne: " Hines Mill  Hines Mill, Mi11pond
Well #1  Well #1 Well #2 Well Spring
235/30E/ 235/30E/ 23S/30E/ ~ 23S/30E/  23S/30E/
35Aaa - - 35Aaa 26Dac 26Add 36Aaa
- 7/68 10/80 11/80 10/80 '8/31
25 . 28.5 127.8 25 26
7.8 - 1.9 8.18 8.04 nt
222 - 280 240 225 nt
- .'_nt nt: nt ‘ nt nf
nt o 3.2 34 50 nt
180 180 172 210 nt
55 45 42 37 nt
33 29 26 30 nt
4 4 3 nt
T 10 7 14
2.0 2 1 nt
7.0 | 10 8
nt <0.680 <0.680 <0.680 nt
0.38 0.3 0.3 0.3 nt
nt <0.054 <0.054 <0.054 nt
0.5 0.6 0.5 0.4 nt
0.02 <0.027 <0.027 <0.027 nt
nt 1 <0.680 <0.680 0.680 nt
© 105 nt nt nt 109
nt nt . nt nt nt
14 12 10 14 1
1.5 nt nt nt. 1.1
- nt <0.1 0.3 o nt



Tab]e,3.A .Spring and well chémistry of the northern Harney Basin'area+5Continued.
A11 measurements are in mg/1, except for pH or as indicated. nt = not tested;
tr = trace. R o : S

Potters

~ Hines - Goodman - 0.4d. Thpmaés 0.J. Thomas Swamp
- City Well Spring Well: C___Well - Well

Location * . 23S/30E/ . 23S/30E/ - 22S/32E/  22S/32E/ - . 24S/30E/
» - . 23Cda © 35Ddd 358bb  35Bbb . 11Aba

- Date sampled o o 7/68 - 9/68 . .9/68- - 5/80 7 75/80.
Temp. (°C) - w7 22 2 12 2
pH -~ - 7.8 - 7.5 9.5 9.6 7.9
Conductance 289 - 210 716 622 172
umhos/cm ‘ ‘ o - . -
Alkalidity " nt Coont nt 193, 62 |
- Xy, as mg/1 HCO, -~ S ‘ L ' e
Xe as,mg/] CaQOB | , | | |
‘Hardness B Sont , nt . nt - 2 22
as mg/1 CaCO3 : o _ : o g
Total dissolved. 221 . 165 499 523 . 149
solids o ' .

$i0

[ X

2 60 . 46 89 104 54.
Na 3% 35 157 a7 28.
K . 69 . 3.2 1.8 1.3
ca . 15 g2 1.0 0.3
Mg 57 1.4 02 <00
a3 7 38 42

As . at nt | 0.063 .033
B 0.53 . . 0.23 4.0 6.7 .38
i | nt ©ont oot 0.1 = <0.1

F B 0.5 0.6 2.8 5.1 0.5
Fe (total) . 0.05 - 02 . 0.20 <0.05
A oot . nt - nt | _-. 0.41 . <0.10
HCO, ) 128 < 92 49 nt it

I -
O = N WO

o
o
o

R ' ‘.' B

o O o — o

(@w]
o
o
w

PO, « | nt . - ot nt 0:.027  0.021"

S0, .18 6 89 759 13.9

Né3 - R | 38 _ ' 20 . omto . 0.03 . 0.28

B 1 S -, 090 603
| R S o bt b



.Table 3. Spr1ng and well chemistry -of the northern Harney Basin area--Continued .
AT measurements are in mg/l, except for pH or as. indicated. nt = not tested
L tr o= trace B :
‘ fHarney :Harney
~ ' ‘ Valley Valley
- Rest Stop ~ . Dev. Co. Dev. Co. Develop-  “Fischer
“Well 0i1 Well 0i1 Well ment Weild Well

Location 23S/30E/" 285/326/  245/32E/  235/30E/  245/30E/

Date sampled = 5/80. 9/68 .  5/80 10780 10780
Temp. (°C) . 26 e 50 6.5 25.5
PR 8.0 9.6 9.9  8.33 8.3

Conductance S b A 602 540 230 210
Hmhos/cm ‘ -

Akalinity -~ 73 nt  252.°  amt . . ot
X, asmg/l WO, - € ¢ |

X as mg/] CaCO3

Hardness 28 3 A 15 30
as mg/1 Ca‘CO3 g « ,
Total d1sso]ved ‘ 156 . . 396 416 178 140
s0lids ' > ' ' '

Si@, . s 72 92 45 37

135 119 32 30
1.6 0.8 4 3
0.8 0.1 '
0.2 0.1 2 _
n 205 8 | 8
As 019 nt 0.015 <0..680 <0.680
B 31 4.1 4.93 0.5 0.6
i ‘ <0.1 nt - <0.1 <0.054 <0.054
P 0.4 2 1.2 0.5 0.6
Fe (total) <0.05 - 0.20 <0.05 <0.027  <0.027
A S -<0.70- - nt 0.16 <0.680 . <0.680

Na ' i‘ .. 28.
K- :

Ca -
Mg
iC}

= W W A WO o)

& S & = B N
. .

N ot | 94 ' nt nt nt
PO, ~0.044  nt 0.010 nt nt
e, . 188 . 29 97 13 15
Lﬂ¢§ | o 0.24 0.2 0.02 nt nt
Moo 005wt 2 o
- - 12 - |



Table 3.

All measurements are 1n mg/], except for pH or as 1nd1cated

'tr = trace

- Location

,Date Samp]ed
- Temp. ( c) _‘”
pH ‘

’ Conductahce C

- umhos/cm
Alkalinity

XH as .mg/1 HCO

. Hardness ,
as mg/T CaCO

'Total d1sso1ved
_so11ds ~

_S102

~Z-;?Kvﬁﬁ_:_ -

Fe (total)

A]];fvf
, HCO3¢"
- POy

30,

o,
NH3

‘_TﬁaiTer

Court .

o Soidier -1
. Creek Well

Soldier

. Creek Well.
#1_(600')

Spr1ng and well chem1stry of the northern Harney Bas1n area--Cont1nued
= not tested;

‘Burns

High School

-Well .

XC as mg/1 CaC0, -

<0

| 26.
8.

nt

T30

fo)

. "<O

1

- Well: -

. 235/31E/ .
" 36Bdc.

10/80

5
24

- 210_,

150
e
x~*75f528,f5j:; o

.680

027
<680 !

<’nt B

nt

o tr »

#1(50')

225/32E/

32Aad-
- 11/80

15
8

nt - .

26

nt

190

‘ &A43‘f

<0

14

nt

-3 -

- <0,

‘o

<0.

Y. o S

625 -
125
05 D

St

“'..nt :

225/32€/

-32Rad

11/80

22

. 8.

23

| ‘nt,f_'

nt

206

“,47e-’

2%

15

nt.

625
125
05

025

nt

nt .

- 235/30E/

13Cbc
10/80

16
7

- nt-

2
.2

51

. e178'

a2

37

<.
$<0.125
.05

: %

<0
S <0

625

.025 -
' 5625>ff"

L

'v._tk"
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. Table 4. Geothermetr1c ca]cu]at1ons* of minimum reservo1r temperatures for
}se1ected therma] waters ‘of -the. northern Harney Basin P

o éér Negative Hotchkiss Hotchkiss; Hotchkiss Hines Lumber
oo T Hell T Well. o Well . - Well  Co. Well #1
Flow ratel. - 1oo+ S0 2211 6624
1iters/min§j_A . i - ‘ - : o _
Mea"sured‘ o ']6.' S Y 33 3 ) - 27 - v é7 L 25
temperature . - - oo N
CNa:k 107 - 75 - Te0 170 190
Na:K:Ca -~ . 136 157 - . 146 155 167
V3.8 . T
Na:K:iCa ~~ © 118 - :. 62 . 56 64 70
438 -
Na:K:Ca . . . 28 83 87 86 86
Mg corrected - S ‘ '
o N o
sio, 104 97 .. 103 . 98 106
conductive . o o :
Oc- |
si0, 4 9 1903 99 106
adiabatic : 3 o o
OC . v |
sio, T 67 73 68 77
chalcedony ' ’ '
o |
sio, iz a8 ai3 -7 -10
°c

fMethOdqlqu}for'calcu15ti6ns pre§ehfed 1niAppendngA. NC = not calculated.



0

_Tab]e 4. Geofhermetric-caqulatiohs*'of minimumAfeserv01r‘temperatUreé for

- selected thermal waters of the northern Harney Basin -- Continued ‘
Lo City of . Goodman Hines Mill Hines Mill Powerhouse
, vLoow Hines Well. Spring - = 0 Well #1 “Well #2 - ¢ Well. .
| . T (Hotghkis_s), ' R . e . L
Flow rate 2555 79 puwped - -pumped . pumped .
liters/min.. E S o .

Measured - 17 - 22 . . 285 . -27.8. 25
- temperature T P .
% . |
Naik oo o230 169, 199 . 208 V5
Cf""i_ - ‘_7 .ﬁ” S _.x o SR , o
CNaikiCal oo 192, 186 i72 177 159
V3R e P
% | |
Nazk:iCa .. &7 8. 90 - 89 . " 106
. Mg-corrected- - - - - L .
Csio, w1 o 98 97 . e g8

conductive - . o : ST R
. o¢ SR
sioé' -
.adiabatic
‘%t T

oMo e e e 91

2 o
chalcedony -
o don :

si0, - o8 -8 . 67 63 . 57.

sio,- e AT DURS :1”~5J5;25:x

*Methodb1dgy.f0F'géTéUIatibnéﬂpféSeniéd in.Ahpendix?AQ NC #~nbtfbéiédlafed.

15



Table 4. . Geothermetric calculations* of minimum reserVoir_temperaturés.fdr
selected thermal waters of the-northern Harney Basin --:Continued

K B _O.J.thbmas”vO;J;“Thomas_vPotters ‘Rest Stop Harney Valley
o el - Well - Swamp - MWell - Dev. Co. 0il
T ST e Welt~ - Test Well -

Flow rate ©: . 1000+ 1000+ 100+ - pumped 100+

~ liters/min. T R S R

Measured-. ¢ 72 - g2 2 26 46
CoNak o L0 oo 50 160 168 61

Nack o B0 80 ] e
CNasksCa o UTUor08ts 01 e .147 0 152 . 105

B V7 TR e L

°c | , | | :
Na:K:Cac oo o Ue116 . 138 59 0 60 115

4380 T e o

Oc. Lo

CNaKiCa . - 99 . NC 102 7 96

Mg corrected .- = o oo L . '
s, 18 . .13 108 10 120
con@hctivgf,1, ' ks - o o -

R

sig, ...tz C o a3% o .6 a0 118

~adiabatic - B : : SRR 3

OC ) |

sio, 103 .m3 76 8 o

chalcedony "_:', ST L B '

°c o

oo e T -

o

*Methodedgy;foﬁ[ca1cu1atjons,présented 1n;Appendjx A;.]NC = not calculated.
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Table 4. Geothermetric calculations* of minimum reservoirvtemperafdres'fbr'
~selected thermal waters of the northern Harney Basin -- Continued

!

.~ Dev. Co. 0i1  Wel
' ~ Test Well

Flow rate 100+ - ~ pumped  pumped
liters/min. - - :

Measured 50 T 26.5 '25.5
..temperatuke : .
Nazk - 40 192 175
C | .
Na:K:Ca . 126 171 159
1/3 8 - , , '

OC

Na:K:Ca® . 143 76 69
438 -

Oc |
Na:K:Ca SRR A B ' 71 101
Mg corrected’ - S
c '
5102
‘conductive
5

133 .97 88

©sio, o129 o8 91
adiabatic

OC'

510, 105. » 67 57
chalcedony ‘ ' -

%
510, | 13 18 -5
" opal ‘ '

o

-for calculations presented in Appendix A. NC

~

ﬁ*Methodo]ogy

=17 -

Harney Valley Deve]opmeht Fiécher We11'_Trailer'Court,We]1

pumped

26.5

180

' _,16Q'

63
115
95
97
64

~20

vnot céicU]ated.

!



the limited data of this reconnaissance study are inconclusive on this point.
Therefore, before detailed analyses ‘of fluid provenance and movement cén be
made, a detailed sampling program including oxygen-, hydrogen-, and sulfate-

isotope analyses must?be'undertaken¢
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GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA*

The temperature—gradient andjheat—f]ow resuTts for the north Harney Basin
\ : _ _ \
are as shown in Table 5. Included in the table are the township/range-section

and 1étitude and longitude 1bcation of each hole. In additioh, the hole name,

date of Togging used, and collar elevation are included for each hole. The :
bottom ho1e temperatufe, maximum.depth, corrected temperature gradient, and, where
avai]ébie, corrected heat flow are.brinted in blue on Plate I. These values: are
also 1isted in the table, as aré};he depth interval and average thermal conductivity

used for calculation of the gradient and heat flow. The values are given in SI

units.t To transform units, the fo]]owing conversion factors were used: 1 x 10'6

cal/cm2 sec (HFU) = 41,84 mm™ 2 ]K:], and

1

, 1.x 1073 cal/em sec% (TCU) = 0.4184 Un”
]QC/Km =1 mkm™' =18.2°F/100 ft. Corrected gradient and corrected heat flow are
values for which the topographic gffects have been removed. .These are not Signifi-
cant for‘most of the sites studied. .

Thélhﬁ1es'arevranked in terms of thevqua]ity of the gradient or heat-fiéw
_ihfofmgfion: high QUality (A), good qﬁa]ity (B), marginal quality (C), dafa(with
some 5rob]ems (D), and data for which no useful temperature gradient or heaf'%1ow

can be estimated (X). A11 thermal-conductivity measurements were made on cuttihg

samples.
: P . . " o

Most.data in the north Harne& Basin have been obtained in holes dri]]éd as
water wells, so most thermé]—condyctivity values are estimated (parenthesis) or
based on one or two cutting samples from surface spoil piles. Several of the holes:
are artesian, and gradients are estimated based on the bottom hole temperatufé and
the assumed surface temperature. %Theée gradients are maximumvvalués, becausé some

‘ ‘ . 1 - . ’ ‘( 3

*By D. D. B1ackwe11,'50uthernvMethodist University, Da11as, Texas. o ¢
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.- .Table 5: *Geothermal-gradient data, -north Harnev..Basin,. Oregon

[T

Bo_ftom 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) wm™ k™! TC °C/km °C/km rnWm"_z HF
225/37E- 43-398.53 118-52.35 TILLER 2 1277 19.00 20.0 ( .98 72.1 71.@ 68 (o
27BA T S/22/80 ' 57.0 ‘ 4.7 : :
225/32E-  43-38.35 118-51.62 TURDY 1279 12.95 0.0 ¢ .986) 68.1 68.1 66 c
26BB : 5/21./80 49.0 3.6 .
2PS/32E-  43-38.30 1158-54.17 TILLER 3 1286  20.12 10.0 226.0  226.0 |
e7RC 5/22/80 25.9 ‘ 12,7 o
| S6.0 . - 3.5 .
225/32E- - 43-38.08 118-E2.75 TILLER 1 1265 16.48 8.0 ( .98) 8.6 78.6 %- B
27CB 5/22/80 : 100.0 2.4 e e
"225/33E-  43-37.62 118-38.50 TEMPLE 1268 15.84 .0 > 48.0 X
) ' 5/20/80 13B8.0 - .
225/32E- 43-37.20 118-55.67 BLCKBURN 1269 12.79 15.0 ( .96) 53.5 53.5 51 C.
31DB ~ .77 "srz2/80 . : 48.0 . 2.2 - .
225/32E~  43-36.9¢ 118-52.60 RICE 1260 27.39 ) <140.0  <140.2 < 134 C
34cC , 6/11/75 95.0 .
225/32E~ 43-36.87 118-51.88 HWY 20 1261 29.19 10.0 573.8 573.7 C
34DD ' 5/20/680 35.0 _15.2
35.0 181.7  -181.7 C
£9.0 e ~
10.0 ¢ .96) 355.0 354.9 341 B
62.0 70.2
235/32E-~ 43-36.32 118-49.17 XHANSON 1259 13.69 5.0 ¢ .96) 74.6 74.5 72 B
6CB ~ : Sr22/780 c1.9 1.7 '
24S/32E-~  43-31.33 118-49.32 NINEMILE 1257 38.45 10.0 273.5 273.5 c
1AD 5/16/680 35.0 3.8
35.90 189.5 189.5 c
, £60.9 .2 -
3 60.0 155.8 155.7 C
130.0 1.7
1
130.0 .97.8 g7.8 C
160.0 . 1 . -



Table 5. Geothermal-gradient data, north Harney Basin, Oregon--

Continued
) . Bottom Depth L 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) - wWm—ix-! . TC  °C/km °C/km = - mWrn"?‘ HF
L 186 ¢ .%8) 1es.8 165.8 159, .

T N

. 245/3PE-  43-30.23 119-54 27 STEUENS 1286 4 pm - S VTP I
: . NS -1256 54.8 w ¢ .96) <284, : N

_'[Z_

M.



portion of the fiow may comé from deéper than the maximum dépth actually lodged.
A156, soime of the holes show 1arge variation in géothérfal gradient with depth,
indicating some honconductive effeét oh the data. Compiete interprétation of the
data sét will require detailed undérstanding of the hydrologic and geslogie

cohditions. .

2 =



CONCLUSTONS AND RECOMMENDATIONS

’The recpnnaisSance study ‘performed for the northern Harney Basin haé‘
tentatﬁve]y defined tWo Tow-temperature resource areas within pipihg distance
of Burns whfch meritvfurthek investigation. They are (1) the area near the
Soidier Creek shear zone (Plate I) and (2) the area immediately south, west,
and east of the city of Burns. Site-specific analyses of these two areas should

. be carried out under one field program and 1nc]ude the following:

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

“ of Burns and Hafney lS-mﬂnute quadréng]es -- to identify and evaTuate
active and/or thermal stehctures. | |

2. Detailed spfing and well :sampling and analyses, including isotope anal-
yses -~ to defermine fluid flow directions and provenance.

3. Closely spaced complete Bouguer and residual gravity anomaly studieszand
aeromagnetic studies -- to delineate poesible active thermal structures
below the basin fill. | |

4.  Several resistivity traverses (either dipole-dipole, roving dipole, or
te11uric) in an east-west direction -- in order to further define the
“thermal regime. |

5., A microearthquake/contemﬂorary seismic study 6f the entire Harney Basin,
making use of a high-gain seismometer array -- to define the seismicity
of. the area in relation to the geothermal system

6. A program of twenty to th1rty 500-ft grad1ent/strat1graphy holes, - followed

~ by a program of five to ten 2,000-ft gradient holes -- to model heat flow

and directly test geothermal aquifers.
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APPENDIX A

Formulas used in calculations -

Na:K (rerséd):,_-« o ’ 1217
S . C 1og (Na/K) T 483 273 15 (Fourn1er, ]979)

. Na:K:Ca: " - - o 1647 097 1B (Erirers : .d 11.°1973),
e o - OC:# 538 + F (T) 273.15 (Fournier and_Trues‘e 5 1 _)A‘

log (Na/K) + [ 8 log (/Ca/Na) 1,

. where F (T) =
g =1/3if t> 100°C, and 4/3 if t <100°C,
t°%c = calculated reservoir temperature,

and concentrations are expressed in molality. -

Magnésium correction ratio:

(milliequivalents Mg) - X 100
= (milliequivalents Mg) + (m11]1equ1va1ents Ca) + (h1111equ1va]ents K)

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

= 10.66-(4. 7415) (R) + [(325 87) (log R) ] - [(1 032 X 10 ) (Tog R) /T] -
 [(1.968 X 10 ) (Tog R) /T ] + [(1.605 X 10 ) (log R) /T 1. - :

where R f‘magnes1um correction ratio expressed in equ1va1ents,

Mg

AﬁMg = the temperature correction that is subtracted from
o the Na:K:Ca 1/3 g calculated temperature, '
: T = Na:K:Ca 1/3 g calculated temperature in 0K.
Or at,, can be obtained: by using the graph comp11ed by Fournier and Potter (1979).

Mg

o

5102 temperature calculations (Fournier and Rowe, 1966):

o oy ©1309 . .o
S102 (conductive), | +0c = 579 % Tog (SiO y - 273.15
; . . 1522
$i0, (adiabatic), - 0. _ 5.75 + Tog (510‘7 273.15
$i0, (chalcedony), . ﬁ 1032 - o
2 S 1% - TEF Tog (ST0,) T 7318
Si0, (opal), RO ’ 731 B
2 % = T2 7 Tog (570 - 27375, L ;

whereJSTOZ is expressed 1n'mg/].
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LOCATION: BURNS AMS, OREGON

225/32E-27BA .

HOLE NAME:  TILLER 2
. 'DATE MEASURED: G5.22/80

- DEPTH ) TEMPERATURE
FEET DEG C = DEG F
32.8 15. 040 59.07
65.6 16.119 61.00
82.0 16.710 62.08
38. 4 17.100 62.78
114.8 17.480 63. 46
131.2 17.800 64.04
147.6 18.170 64. 71
164.0 18.460 - 65.23
180. 4 . -18.65@ . 65.57
.0 -19.000 66.20

- GEOTHERMAL GRADIENT
DEG C/KM  DEG F/10@ FT
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LOCATION: BURNS AMS, OREGON
, ' 225,32E-26BB
R 3 - HOLE NAME:  TURDY
T S . DATE MEASURED: 5-21./80

‘ TEMPERATURE GEOTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG Fs100 FT

12.@ 32.8 190.920 51.66 - 0.9 9.0 .
15.0 49.2 11.160@ 52.99 48.@ - 2.6
20.9 65.6 11.470 52.65 62.0 3.4
.85.0 82.9 11.78@ -53.20 62.9 3.4
30.0 98.4 12.190 53.94 82.0 4.5 -
35.0 114.8 12.600 54.68 82.0@ 4.5
40.9 131.2 12.500 55.22 60.0 3.3
42.0 137.8 12.950 . 55.31 a25.e 1.4
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- LOCATION: BURNS AMS, OREGON

225/32E-27AC

HOLE NAME:  TILLER 3
DATE MEASURED: G.22/50

- DEPTH " TEMPERATURE
- FEET _ __ DEGC_  DEGF
32.8 11.500 52.70
49.2 12.380 54.28

 B65.6 13.240 55.
82.@ 14.980 58.96
93.4 15.240 59.43
114.8 15.530 59.95
131.2 15.890 60.60
147.6 16.200 61.16
164.0 16. 700 62.06
'1680. 4 17.050 62.69
196.8 17.550 63.59
213.2 17.960 64.33
229.6 18:330 64.99
546.0 18.650 65.57
262. 4 18.970 66.15
-278.8 19.280 66. 70
295.2 13.500 67.10
311.6 19.660 67.39
314.9 20.120 68.22

GEOTHERMAL GRADIENT
~ DEG F/100

DEG C/KM
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- 35.0
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DEPTH

METERB

RTINS

' DEPTH -

LDFQTIDN BUPNS AMS,
‘HOLE NAME: TEMPLE

DREGDN '
226/33E-27CD -

DATE -MEASURED: 5/20.5¢

ChOTHERMQL EFQDIENT

. TEMPERATURE
FEET... .~ DEGC _ DEGF
.8 . 9.650 49.37
2 9,670 43.41
6 ‘5680 43,42
. . 3.690 4544
14  3:630 43. 44
.8 - g.7le | 49.48
.2 5750 49.55
.6 9.730 43.51
i, 0 3750 4955
-4 - 5.770 43,59
.3 5,77 43.53
- 3,510 49.66
3.6 . 5.850 43.73
2 - 5igEe . 48.75
.4 9.840 43.71
.8 _§.m48  43.7L
= 9.830 43,63
L& S &.85e - 49.73
-2 5,370 49,77
4.4 S.g7e . 42.7
3 glesd | 49.g0
) 5.830  49.580
5.6 3,880 43.73
.@ 5.91¢ 43,34
5.4 13:030 55. 45
2.8 15.31@ 53.56
.5 15,840 60.51
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LOCATION:

" HOLE NAME:
DATE MERSURED:

BLCKBURN

BURNS AMS, OREGON
225/32E-31DB -

5/22/80

- TEMPERATURE
. - DEG G - --DEG-F
11.010 51.82
11.050 51.89
11.300 52.34
11.520 52.74
11.730 53.11
12.0B0 53.74
12.390 54.30
12.620 54.72
15.790 S5. 02

. BGEOTHERMAL GRADIENT
- DEG-C</KM. . DEG E/10@ FT
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LOCATION: BURNS AMS,
22S/32E~34DD

.19@

OREGON

HOLE NAME:  HWY 20
. DATE MEASURED: 5.20.80
_-DEPTH . TEHPERQTURE
" FEET © DEG C DEG F
32.8 10.820. S51.48
49.2 12.580 54.64
- 65.6 16.900 60.80
82.0 19.220 66.60
S5, 4 22.160 ?1.89
114.8 24.510 76.12
131.2 25.590 78.06
147.6 26.670 80.01
164.0 27.610 81.70
~16@. 4 - 28.410 83. 14
196.8 28.990 84.18
.4 29 84.54
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LOCATION: BURNS AMS. OREGON o
_23SX3=2E~ 6CB “32E
HOLE NAME: HANSON - )
DATE MEASURED: 522,80 - o
DEPTH .- _TEMPERATURE . GEOTHERMAL. GRADIENT

- FEET- -+ -=DEG-C -- DEG F - DEG.C/KM.. _DEG.F-/100 FT
16.4 10.320 50.58 . 8.0 9.0
32.8 10.63@ 51.13 - B2.© 3.4
49.2 10,950 51.71 64.0 3.5
65.6 -11.320 52.38 74.0 4.1
82.0 11.720 53.1e - 80.0 T 4.4
Sg. 4 12.090 53.76 . 74.9 4.1

114.8 12.490 54.48 80.0 4.4

"131.2 12.910 55.24 84.0 4.6

147.6 .13. 260 55.87 _ 70.@ 3.8

164.0 13.580 56.44 : 64.0 3.5

- 167.3 %} 6.0

13.69¢ 56.64 11@.
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LOCATION: BURNS AMS, OREGON
24S/32E- 1AD- -

HOLE NAME:  NINEMILE

DATE MEASURED: 5/16/80

 DEPTH GEOTHERMAL GRADIENT

- TEMPERATURE R
~ ..FEET __~ __DEEC ____DEGF = DEG CsKM  DEG Fs10@ FT . -
- .32.8 13.080 - 55.54 N ‘ 0.9 ‘-
" 49.2 14.518 58.12 2686.0 . 15.7
65.6 15.59@ 60. 06 216.0 11.9
.. B2.9 17.200 62.96 3220 17.7
883, 4 18.530 65.35 266.0 14.6
114.8 19.920 67.86 278.0 15.3
131.2 20.970 £69.75 210:0 11.5
147.6 21.540 "71.49 194.0 10.6
164.0 22.8680 73.18 168.0 10.3
190, 4 23.730 74.71 179.0 9.3
196.8 24.710 76. 48 195.0 10.8
213.2 25.500 77.99 158. @ T 8.7
229.6 26.190 79.14 138.0@ 7.6
246.0 27.110 © 80.80 184.@ 10.1
262. 4 27.990 82.38 176.0 9.7
279.8 28.790 83.82 160.0 . 8.8
295.2 29. 470 85. 05 136.0 7.5
311.6 30. 320 86.58 170.0 . 9.3
328.0 31.040 87.87 144.0 7.9
344. 4 31.850 89.33 162.0 8.9
360.8 32.560 9@.61 142.0 7.8
377.2 33.360 92.05 160.9 8.8
393.6 34.180 93.52 164.0 9.0
410.0 34.860 94,75 136.0 7.5
426. 4 35.510 95.92 130.0 7.1
442.8 36.120 g97.02 122.0 6.7
453.2 36.660 97.99 108.0 5.9
475.6 37.170 . 98.91 102.9 5.6
492. 9 37.620 99,72 90.0 4.9
508.4 38.080 100.54 92.0 5.9
' 524.8 38. 450 101.21 74.0 4.1
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- LOCATION: BURNS AMS, OREGON.

-245-32E— 8DA

HOLE NAME: _ STEUENS

DATE MEASURED: 5/15.80

" DEPTH. . TEMPERATURE
FEET° . DEBC _ DEGF
16.4 51,980  123.94
32.8 51.580  124.84
 49.2 51.880  125.38
1 65.6 52.95@  125.69
82.0 S2.18¢  125.92
S8. 4 52.300 = 126.14
114.8 52.390  126.30
131.2 52.470  126.45
147.6 52.53¢ . 126.55
164.0 52.560  126.61
180. 4 52.610  126.70
156.9. 52.660  126.79
213.2 52.700  126.86
229.6 52.77@  126.939
246.0 52.83¢  127.09
262. 4 52.890.  127.20
278.8 52.960  127.33
295.2 53.01@  127.42
311.6 53.080  127.54
328.0 53.150  127.67
344.4 53.190  127.74
360.8 53.260  127.87
377.2 53.382  128.08
393.6 53.520  128.34
410.0 §3.73¢  128.71
426. 4 '53.940  129.09
442.8 54.110 © 129.40
459.2 54.230 . 129.61
475.6 54.330  129.79
492.0 54.412  129.94
508. 4 54,480  130.06
S24.8 54.560  13.21
541.2 54,630  130.33
557.6 54,720  130.50
574.0 54.800  130.64
577.3 54.820  130.68

GEOTHERMAL GRADIENT
DEG C/KM__ _DEG FZ10@ FT.
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