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INTRODUCTION 

The Belknap-Foley area is located in the central Western Cascade Range 

of Oregon, approximately 80 km (50 mi) east of Eugene (Figure 1) , Limits 

of the study area were a r b i t r a r i l y assigned by U,S, Geological Survey (USGS) 

topographic map l im i t s and natural breaks in the geology and topography 

(Plate I ) , This study, performed under U,S, Department of Energy (USDOE) 

Contract No, DE FC07-79ET27220, was undertaken to estimate the geothermal 

potent ia l of the area by using various methods including compilation of ex is t 

ing data, reconnaissance geologic mapping, lineament analysis, well and spring 

geochemistry, and accrual of geothermal-gradient data. 

Geographically, the study area is located in the rugged mountains sur

rounding the val ley of the McKenzie River, which bisects the area in an east-

west d i rec t ion . Total r e l i e f is approximately 1,000 m (3,300 f t ) in the moun

tainous areas and approximately 30 m (100 f t ) in the r i ve r va l ley , 

GEOLOGY . 

Introduction 

The Belknap-FoTey area is located at the eastern boundary of the Western 

Cascades geologic province in the Western Cascades-High Cascades transition 

zone. Quaternary and late Tertiary lavas and minortuffs of the High Cascades 

province are in steep depositional contact with older Western Cascades rocks 

along this boundary, which appears to be the western margin of a major north-

south- trending High Cascades graben (Allen, 1966; Taylor, 1978, 1980), Because 

a number of thermal springs and preexisting gradient holes with high values 

are located along the margin of this graben, much of the mapping effort of 

this study was directed at carefully defining the nature of the High Cascades-

Western Cascades geologic boundary, . '. 
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Figure 1: Map showing location of study area. 



The geology and a l l K/Ar radiometric ages (Table 1) are presented on 

the accompanying reconnaissance geologic map (Plate I ) , which was produced 

during the summer and f a l l of 1979 and 1980, Areal extent of geologic units 

was based on mapping and hand-specimen i d e n t i f i c a t i o n of rocks. Data were 

p lot ted on USGS topographic maps without the aid of aer ia l photographs. 

Volcanic strat igraphy 

From middle Ter t iary to Quaternary t ime, volcanism in the area changed 

from s i l i c i c pyroc last ic a c t i v i t y to eruption of increasingly mafic magmas 

(Table 2) , This change in composition was ref lected in higher percentages of 

lavas re la t i ve to t u f f s . The oldest mappable un i t (un i t Tov on the geologic 

map) is composed of ep ic las t i c volcanic sedimentary rocks, l i th ic - f ragment -

r ich lahar ic dacite t u f f s , and minor mafic lava f lows. These rocks are probably 

Oligocene to early Miocene in age (Peck and others, 1964), In the Blue River 

mining d i s t r i c t , the Oligocene rocks are loca l l y intruded by Miocene quartz-

bearing d i o r i t i c stocks (un i t Tmd). The Miocene sequence (un i t Dw) is domin

ated by highly phyric lavas, autobreccias, and mudflows wi th two-pyroxene 

andesite c las ts , although lesser volumes of ash-f low, a i r - f a l l , and ep ic las t i c 

t u f f s as well as some basaltiCr flows occur l oca l l y . Several Miocene volcanic 

plugs and plug domes (un i t Tmvi) occur in the western part of the area, and 

basal t ic to andesit ic feeder dikes (un i t Tmvd) occur in the Blue River va l ley . 

The" oldest dated rock assigned to the Miocene volcanic sequence in the map-

area is 19,91+1,94 m,y, old (McBirney and others, 1974), The youngest dated 

Dnv sample is 6,2+^0,2 m,y, old (Laursen and Hammond, 1978), The Miocene rocks 

are over la in by d i k t y t a x i t i c to compact basal t ic to basal t ic -andes i t ic lavas 

and one small ash flow which cap most of the high ridges in . the western part 

of .the area. These Pliocene volcanic rocks (un i t Tpv) have a maximum K/Ar age 

of 8.39+^0.36 iTi.y, (unpublished Universi ty of Utah Research I n s t i t u t e (UURI) 

K/Ar data, Evans and Foley, analysts) and a minimum age of 3.88+^0,06 m,y, ; 

• - 1 • , • ; ! ' ! ! • 
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Table 1, Radiometric (K/Ar) ages for selected rocks of the Belknap-Foley area 

Sample • 
no, * 

MS-254 

MS-253 

MS-130 

MS-17 

A-20 

MS-205 

MS-208 

MS-132 
MS-no 
A-77 

U-Cougar 

U-RI-112 

U-RI-85 

U-Foley 

U-Tniw-Top 

U-Tpb 

U-BF-5 

Location 

122°07'30" 
44°14'10" 

T.229l2'40" 
44°12'45" 

122°06'07" 
.44n3'10" 

122°02'00" 
44°12'13" 

122°02'38" 
44°16'39" 

122°02'55" 
44°09'30" 

122°06'30" 
44°13'00" 

122°00'50" 
44° i r46" ' 

122°00'48" 
44°17'00" 

122°14'10" 
44 07'46" 

122°16'59" 
44°06'30" 

122°16'10" 
44°07'41" 

122°10'29" 
44°10'49" 

122°n '49" 
44°12'11" 

122°11'31" 
44°12'32" 

122°12'30" 
44°08'45" 

Rock type 

Basalt 

Andesite 

Basalt 

Andesite 

Basalt ic andesite 
Ash-flow t u f f 

Basalt ic andesite 

Basalt ic andesite ' 

Ol iv ine basalt 

Basalt ic andesite 

Basalt ic andesite . 

Andesite 

Dacit ic ash-flow 
t u f f 

Basalt , 

Andesite 

Basalt ic andesite. 

Dacite 

Age** 

^19,91+1,94 m,y. 

^8.46+0,11 m.y. . 

^^6,2+0.2 m.y. 

^6.2+0.2 m.y. 

^5.3+0,2 m,y. 

" ^5.06+0,06 m,y. 

^3.88+0.06 m.y. 

;^2,6+6,2 m,y. 
^2.1+0,1 m,y. 

'^0.68+0.04 m.y. 

Pl6.3+1,8 m.y. 

Pl l ,5+0,5 m,y. 

Pl3.9+0,8 m,y. 

^^2,05+0,52 m,y. 

*^8.93+0,34 m.y. 

'^S,39+0,36 m.y. 

N.31+0,44 m,y. 

Strat igraphic 
un i t 

Tmv 

Tmv 

Tmv 

Tmv 

Tpv 

QTv 

Tpv 

. QTv 

QTv 

Tmvi 

Tmv 

Tmv 

QTv 

Tmv 

Tpv 

Tmdc 

* References: MS - McBirney and others, 1974; A - Armstrong and others, 
1975; U - Unpublished K/Ar data. Universi ty of Utah ''.esearch I n s t i t u t e , 
Stanley Evans and Duncan Foley, analysts, 

* * w = whole rock date; p = plagioclase date. 
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Table 2. Bulk chemical composition of selected rocks of Belknap-Foley area, 
(Letters at top of each column indicate sample number and map symbol for 
stratigraphic unit. All values are in weight percent.) 

Compo- *T-6 
nent Qbh 

SiO^ 47.0 

Ti02 

Al20,3 

Fe203 

FeO 

Mno 

MgO 

CaO 

Na^O 

K̂ O 

^2^5 
HoO 

L -
Total 47,0 

J-2 
Qtv 

47.8 

1.63 

15.42 

1.70 

9.54 

0.21 

4.43 

10.20 

3.50 

1,30 

. 0.02 

1.36 

97.11 

J-4 
Qtv 

48.38 

2.19 

15.47 

1.83 

10.36 

0.20 

5.80 

8.21 

3,60 

0.64 

0.43 

1.39 

98.50 

J-3 
Qtv 

49.80 

1.68 

15.42 

2.20 

9.08 

0.21 

4.17 

9.88 

3.90 

1.25 

0.15 

0.86 

98.60 

S-13 
Tmv? 

53.00 

1.10 

18.30 

-7.80 

- • 

5.20 

8.80 

3.80 

0.40 

-

-

98.40 

S-16 
Tmv 

53.0 

1.20 

18.80 

8,20 

-

5.90 

9.30 

3.10 

0.25 

-

-

99.75 

P-7 
Tmv? 

54.25 

1.28 

16.46 

3:08 

5.92 

0.13 

4:46 

8.79 

3.46 

0.80 

0.23 

1.58 

100.44 

S-15 
Tmv 

S-14 
Tmv? 

S-9 
. Tmv 

S-12 
Tmv 

S-9 
Tmv 

S-10 
Tov? 

S-17 
Tov? 

Si02. 

TiOg 

AI2O3 

^̂ 2̂ 3 
FeO 

MnO 

MgO 

CaO 

Na^O 

K2O. 

^2^5 

54.30 

1.10 

18.80 

-7.80 

5.20 

8.80 

3.00 

0.15 

54.70 

1.10 

17.80 

8.0 

5.90 

8.50 

3.90 

0,25 

Total 99.15 100.15 

55.80 

1.10 

18.50 

7.5 

4.40 

6.60 

4.20 

1.70 

S9.80 

57.20 

0.95 

18.20 

7.00 

4.20 

8.20 

3.50 

0.40 

99.65 

58.00 

1.00 

16.40 

9.6 

5.90 

'4.90 

2.80 

0.35 

98.95 

60.90 

1.10 

17.40 

6.80 

2.00 

4.80 

4.30 

1.20 

98.50 

61.20 

1.55 

15.20 

8.1 

2.50 

4.50 

4.30 

2.00 

99.17 

*References: P-from Peck, 1964; J-from Jan, 1967; T-from Taylor, 1967; S-I'rom 
•Storch, 1978. _ 5 _ ' 



(Sutter, 1978), The above units occur prinfcipally in the.Western Cascades 

province, in the western part of the map (Plate I), 

The eastern part of the study area is completely dominated by compact to 

diktytaxitic basaltic lavas of Quaternary age (units QTv and Qbh on Plate I)-.. 

These rocks appear to! partially fill in the High Cascade graben described-by 

Allen (1966) and Taylor' (1978, 1980), Foley Ridge is a tongue of. these Qua

ternary lavas which filled an east-west-tfending canyon cut across the western 

scarp of the graben about 2,0 m-.y. ago (unpublished K/Ar age of 2,05+^0,;52'm,y. 

by UURI, Evans and Duncan, analysts). , '. 

For this study, the Quaternary lavas were split into two units'based-on 

lithology and stratigraphic relationships. Lavas assigned to unit QTo . 

(Pliocene to Pleistocene basalts of the High Cascades) DcCupy topographic 

depressions which are clearly related to the present geomorphic setting. Nearly 

identical rocks located at high elevations of the Western Cascades were assigned 

to. unit !l̂ y because they occupied topography strongly reversed from'the present 

landscape.' K/Ar data, where available, tend to support this division. The 

Qbh unit (Pleistocene'to Holocene basalts of the High Cascades) was identified 

by extreme freshness of the rock,'presence of uneroded tumuli and flow struc

tures on flow tops, obvious control by ^ery youthful drainages, and position 

above various Quaternary units. 

K/Ar dates of samples from units QTv and Qbh are sparse and of relatively 

low precision and accuracy, but enough are available to provide some.age con

trol. Poor precision and accuracy is caused by the relatively low content of 

K2O and youthful age of these lavas, which cause very low percentages of radi

ogenic argon relative to atmospheric argon. The.oldest K/Ar date in the area--

2.6+^0.2 m,y,-- is for unit QTv (Laurson and Hammond, 1S78); the youngest age 

is 2,05+0,52 m.y. (UURI date previously cited), A single K/Ar date of 



V;-"!-; •^ • : rh \ 

0,68+^0.05 m.y, was obtained from lavas mapped as un i t Qbh (Laursen and 

Hammond, 1978), 

Structural geology 

Faults are concentrated in two major north-south-trending zones along 

Cougar Reservoir and along Horse Creek-McKenzie River, Both zones have en 

echelon nor th- to northwest-trending normal fau l ts with s ign i f i can t d i p - s l i p 

of fsets down to the east. The lineament map (Figure 2) shows addit ional north

easter ly trends along the northern margin of the area. 

The Horse Creek-McKenzie River f a u l t zone appears to define the western 

margin of a major north-south-trending graben which has been p a r t i a l l y f i l l e d 

by a sh ie ld - l i ke platform of la te Pliocene and Quaternary High Cascades basal t ic 

lavas and lesser andesit ic ejecta (A l len , 1966; Taylor, 1978, 1980), The 

youngest dated un i t wi th s ign i f i can t o f f se t on the High Cascades graben margin 

is a 3,88-m,y,-old basal t ic andesite (un i t Tpv) on Fr issel Point (Sut ter , 1978), 

along the north fork of the McKenzie River, The capping lavas (un i t Tpv) west 

of the north fork o f the McKenzie River (Plate I ) have been dropped down about 

900 m (3,000 f t ) to the east along a series o f north- to northwest-trending 

en echelon step f a u l t s , but the to ta l s t ruc tura l r e l i e f on the graben could 
t 

be much more than this (Taylor, 1980, personal communication). Only minor 

offsets appear to affect the Quaternary lavas (Plate I), 
i 

The Cougar Reservoir fault zone trend is parallel to the High Cascades 
il 

graben margin and appears to have a similar sense of movement, with Miocene 
i 

and Oligocene volcanic rocks appearing to be displaced down toward the east 
It 

across the zone, Miocene volcanic rocks (unit Tmv) are the youngest units 

with proven offset in this zone,., 
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Relation of structures to geothermal systems 

The distribution of hot springs in the area is related to the two major 

north-south-trending fault zones discussed previously, Terwilliger Hot Springs 

and Cougar Hot Springs are located along the Cougar Reservoir lineament, while 

Belknap, Foley, and Bigelow Hot Springs are located along the western margin 

of the High Cascade graben. Hot-spring orifices do not, in general, issue 

from fault zones but from joints in lavas near the faults. 

Three hypotheses might explain the apparent relation of faults to hot 

springs: • ' 

1, Faults actively control location of hot springs by serving as con

duits for circulation of thermal waters, i 

2, Faults serve as passive controls on the location of hot springs by 

creating major topographic lows which may fortuitously tap sporadic 

thermal aquifers. 

3.V Some combination of hypotheses one and two controls the distribution 

of hot springs. 

It is difficult to imagine that fault zones as large as those described 

here could have no influence on circulation of thermal waters. This is par

ticularly true of the western margin of the High Cascade graben, where the 

faults are quite young and rocks of different lithology are juxtaposed across 

the faults. It is also true, however, that hot springs are more likely to 

issue from topographic lows created by fault-shatter zones, so that hypothesis 

three above is probably the most logical explanation for control of the hot 
i 

springs. 
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GEOPHYSICS' 

Two geophysica.l :studies were available for evaluation for this report. 

The first was a regional aeromagnetic'study (Figure 3) performed, by.the. . 

Oregon.State University Geophysics Group. Jhis study, whieh-.is:'diseussed in 

detail by Couch (1978) and' Connard (1980)^ seems, in general, tOAShow a, c'lose 

correspondence ;b'etween'magrietic maxima and topographic highs in the.Belknap-

Foley area. This is; due to the fact that the Pliocene and'Ple.istocene Units 

.fpund,capping the ridges tend to have a higher proportion of magnetically 

susceptible lavas than the older, underlying Miocene and Oligocene rocks, , 

Site-rspecific interpretations of the aeromagnetic data for thei study 

area' are not obvious. However, regional interpretation by Couch (1978) and 

.Connard (1980) indicates a possible fault with east side.down that is located 

in the approximate location of the Western Cascade-High Cascade transition 

zone fault mapped for this report (see section on geology) and that strikes in 

approximately the same trend. They also interpret the depth to the Curie 

point isotherm (temperature below which a material ceases to be paramagnetic; 

•-'600 C) to be greater on the west side of the fault than on the east side of 

the fault. This prediction matches well with Blackwell and others (1978), 

whose thermal model of the Cascades estimates a similar depth to the 600 C 

isotherm. 

The second geophysical study in this report is a regional gravity survey 

also performed by the Oregon State University Geophysics Group (Couch, 1978; 

Pitts, 1979). Their survey consists of a complete Bouguer gravity 

anomaly map (Figure 4) and a residual anomaly map (Figure 5), both of which 

are discussed in detail by Couch (1978) and Pitts (1979). The main feature 

of both these maps is the steep gravity gradient coincident with the High 

Cascades-Western Cascades transition zone and the location of local thermal 

10 
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springs, Pitts (1979) interprets this anomaly to represent either a large 

graben-bounding, fault zone with east side down, an area of shallow-silicic 

intrusives, or a possible combination of both. Detailed geologic mapping 

and possibly deep drilling are needed to further refine geologic modeling, 

based on the foregoing geophysical studies, , , 
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WATER CHEMISTRY 

During th is study, analyses were compiled of four of the f i ve major 

thermal springs together wi th analyses of d r i l l - h o l e waters in the Belknap-

Foley area (Table 3) , These data indicate that the thermal waters are gen

e ra l l y an a l ka l i ne , sodium-chloride-r ich carbonate water diagnostic of a hot-

water-dominated system at depth with elevated reservoir temperatures (Table 4) 

calculated by methods presented in Appendix A, Preliminary evaluation of the 

avai lable data indicates the springs may be placed in two groups. The f i r s t 

are the Bigelow, Belknap, and Foley spr ings, which show s imi la r amounts of s i l 

ica (60-110 mg/1), Na:K atomic rat ios (54.1-78,5), and calculated minimum 

reservoir temperatures. Other, s i m i l a r i t i e s are seen by comparison of re la t i ve 

amounts of ions such as boron, f l uo r i de , and ch lor ide. The second group are 

those to the west including the Terw i l l i ger spring c lus te r . Rider Creek and 

Walker Creek d r i l l - h o l e waters. (Table 3) , and possibly the Cougar Reservoir 

spr ing, fo r which no analyses are ava i lab le , Thê se springs exh ib i t l o w e r , s i l 

ica (14-50 mg/1), higher Na:K atomic rat ios (80-107), lower amounts of chlor ide 

and l i t h ium and higher amounts of su l fa te ion, and lower calculated reservoir 

temperatures (Table 4) , 

Preliminary data are inconclusive at th is po in t ; however, the water group 

near Cougar Reservoir may represent e i ther a d i l u te species of the springs to 

the east or a t o t a l l y d i f f e ren t species. Extensive sampling of thermal spring 

gases and local cold springs and analyses of a l l waters for isotopes is needed 

before a d e f i n i t i v e study of the thermal regime can be made. 

15 



Table 3, Spring and well chemistry of the Belknap-Foley area. All measure
ments are ih mg/1, except for pH or as indicated, nt = not tested; tr = trace. 

. • _ 

Location 

Date sampled 

Temp. (°C) 

pH 

Conductance 
ymhos/cm 

Alkalinity 
Xt, as mg/1 HCO, 
X^ as mg/1 CaCOg 

Hardness 
as mg/1 CaCO^ 

Total dissolved 
solids 

SiO^ 

Na 

K . 

Ca 

Mg 

Cl 

As 

B 

Li 

F "̂ 

Fe (total) 

Al 

Heo3 

PO, 

SO4 
NO. 

Belknap 
Springs 

16S/6E/11A 

'03 

86.7 

nt 

nt 

nt 

nt 

2506 

81 
> 

364 

69.0 

455 

13 

1343 . 

nt 

nt 

nt 

nt 

nt 

nt 

nt 

nt 

168 
nt 

Belknap 
Springs 

16S/6E/11A 

'72 

71 

7.62 

4300 

nt 

nt 

rit 

96 

690 

15.0 

210 

0.2 

1300 

0.35 

6.4 

0.95 

1.2 

0.02 

nt 

17 

0,21 

170 
nt 

Belknap 
Springs 

16S/6E/11A 

3/76 

nt 

nt 

nt 

nt 

nt . 

2550 

110 

630 

17.0 

210 

0.29 

1550 

nt 

3.6 

1.3 

0.88 

tr 

0.1 

nt 

• n t 

150 
nt 

Belknap 
Springs 
(main) 

16S/6E/11A 

3/76 

89.0 

7.6 

3900 

^^c 

541 

2491 
i 

79.9 

525 

16.8 

208 

0.3 

1195 

0.24 

7.6 

1.04 

1.11 

0.1 

tr 

17 

0.27 

105 
tr 

Belknap 
Springs 
(east) 

16S/6E/11A 

3/76 

66.0 

• 7.5^ 

3720 

16c 

544 

2377 

70.6' 

490 

15.2' 

198 

0.4-

1036 

0.24 

7.1 

0.95 

0.98 

0.1 

tr 

19 

0.41 

85 
0.08 

NH, nt nt nt 0.19 0.15 
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Table 3. Spring and well chemistry of the Belknap-Foley area--eontinued 
All measurements are in mg/1, except for pH or as indicated, nt = not tested; 
tr = trace. 

Terwilliger Terwilliger Terwilliger 

Location 

Date sampled 

Temp. (°C) 

pH 

Conductance 
umhos/cm 

Alkalinity 
XL as mg/1 HCO^ 
Xj, as mg/1 CaCO^ 

Hardness 
as mg/1 CACO^ 

Total dissolved 
solids 

S,i02 

Na 

K 

Ca 

Mg 

Cl 

As 

B 

Li 

F-

Fe (total) 

Al 

HCO3 

PO4 ' 

SO4 , 

NO3 

NH3 , 

Foley 
Springs 

16S/6E/11A 

3/76 

80.6 

8.0 

4800 

'h 

1284 

3333 

60 

475 

11 

494 

0.8 

1304 

0.21 

10.0 

0.96 

0,81 

tr 

tr 

nt 

0.06 

550 

tr 

0.15 

Bigelow 
Spring 

15S/6E/26Ba 

3/76 

61.0 

7.8 

3800 

' \ 

459 

2566 

69 

540 

' 1/ 

188 

1 

1148 

0.11 

6.5 

1,1 

1.4 

0.1 

tr 

nt 

0.32 

102 

0.02 

0.39 
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Springs 
(upper) 

17S/5E/20Bb 

'73 

44.0 . 

7.7 

2980 

nt 

nt 

nt 

50 

392 

6.3 

225 

0.1 

788 

nt 

5.1 

0.52 

0.8 

tr 

nt 

19 

nt 

260 

nt 

nt 

Springs 
(lower) 

17S/5E/20Bb 

3/76 

38.0 

8.4 

2830 

l̂ e 

557 

1892 

46 

335 

7.3 

210 

0.2 

769 

0.1 

6.4 

0.7 

0.86 

0.1 

tr 

nt 

0.08 

192 

0.01 

0.04 

Springs 
(upper) 

17S/5E/201 

3/76 

42.0 

8.2 

2660 

15c 

484 

1763 

47 

320 

6.8 

196 

0.2 

693 

0.1 

6.2 

,0.64 

0.87 

0.1 

tr 

nt 

B.08 

185 

tr 

0.12 



Table 3.Springand wen chemistry o f the Belknao-Foley area--Continued. 
A l l measurements are in mg/1, except fo r pH or as indicated, nt = not 
tested;v;tr '= . t race . . ; .;. : . . ., 

Well or spring 

Location 

Date Sampled 

Temp, C 

Ph 

Conductance, 
umhos/cm 

Alkalinity 
Xh as mg/1. 
HCO3 

Xc as mg/1 
CaC03 

Hardness as' 
mg/1 CaCOj 

Total dissolved 
solids mg/1. 

•SiOg . 

Na 

K 

Ca 

Mg 

Gl 
As '-•' 

B 

Li 

F .,• 

FE (total) 

Al 

HCO3 

PO4 

SO4 

NO3 

NH. . : - . : . 

Rider Creek 
Drill Hole 

175/5E/20 Baa 

7/80 

18,5 

7.77 

,.,3400 ^ 

. nt 

nt 

427,5 

1962 

14(?) 

449 

<2,50 

271 

0,500 

925 

< 0,625 . ^ 

7,5 

0,49 

,0.9 

0.12 

< 0.625 

nt 

nt 

269 

nt 

. <0,1 ... -. 

Walker 
Drill i 

Creek 
Hole 

175/5E/8Acd 

. 7/80 

15 

7,37 

810 

nt 

nt 

68.4 

nt 

18(?) 

149 

< 2.50 

26 

1 

135 

< 0,625 

4.2 

< 0,050 

0,2 

0,29 

< 0.625 

nt 

nt 

nt 

nt 

••'- :\ 0.6 

'• 

. ' • 
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Table 4, Geothermetric calculat ions* ' of minimum reservoir temperatures for 
selected thermal waters of the Belknap-Foley area 

Belknap Belknap Belknap Belknap Belknap Terw i l l i ge r Terw i l l i ge r 
Springs Springs Springs Springs Springs Springs Springs 

(Main) (East) (Lower) (Upper) 

Flow rate 284 300 ~250 ~250 ~250 114 200 
liters/min. 

Measured 86,7 71 NT 89 66 38 44 
temperature 

°C-

Na:K 226 87 97 107 104 87 74 

°C 

Na:K:Ca 202 113 121 125 125 104 95 
1/3 6 
Or 

Na:K:Ca 110 82 85 83 83 52 48 
4/3 B 

y 
Na:K:Ca 183 NC NC NC NC NC NC 
Mg corrected 

°C 

SiO^ 126 135 143 124 119 99 102 

conductive 

SiO^ 123 131 137 122 117 100 103 

adiabatic 

°C 

Si02 98 108' 116 97 90 68 72 

chalcedony 

°C 

Si02 7 15 23 179 164 -17 -14 

opal 
0^ 

*Methodology for calculations presented in Appendix A, NC F not calculated. 
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Table 4, Geothermetric calculations* of minimum reservoir temperatures for 
selected thermal waters of. the Belknap-Foley area -- Continued 

Terwilliger Bigelow Foley Ryder Creek Walker Creek 
Springs Spring Spring Drill Hole Drill Hole ,.. 

Flow rate ' 
liters/min. 

Measured 
temperature 
Or 

(Upper) 

200 

42 

7.6 

61 

227 

80.6 

pumped 

18.5 

pumped 

15 

Na:K 
Or 

86 104 91 34 76 

Na:K:Ca 
1/3 e . 
Or 

103 125 106 61 97 

Na:K:Ca 
4/3 3 
0^ 

51 85 52 23 54 

Na:K:Ca 
Mg corrected 

°C 

Si02 

conductive 

°C 

SiO^ 

adiabatic 

°C 

Si02 

chalcedony 

Si02 

opal 
0^ 

NC 

99 

100 

69 

-16 

120 

117 

116 

89 

NC 

111 

110 

82 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

*Methodology for calculations presented in Appendix A. NC = not calculated. 
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6E0THERMAL-GRADIENT/AND HEAT-FLOW DATA* 

The temperature-gradient and heat-f low resul ts fo r the Belknap-Foley area 

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

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

date of logging used, and co l la r elevat ion 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 Plate I , 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 t s . To 

-fi 2 

transform un i t s , 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 Wm"^K~\ and l°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 s i gn i f i can t fo r 

many of the s i tes studied. 

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

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

some problems (D), and data fo r 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 of the holes shown on the table were d r i l l e d spec i f i ca l l y fo r heat

flow studies, and the data qua l i t y is r e l a t i ve l y high. In general, holes d r i l l e d in 

the Western Cascade rocks give l inear gradients below- near-surface ef fects that may 

vary in depth from 20 to 100 m. Holes 50-150 m deep in High Cascade rocks, such 

as 15S/6E-11DC, are often isothermal because of la te ra l flow of water in the porous 

young volcanic rocks. 

*By D, D, Blackwel l , Southern Methodist Univers i ty , Dal las, Texas, 
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Table 5, Geothermal-gradient data, Belknap-Foley area, Oregon 

Twn/Rng-
Section 

145/ 6E-
32DC 

155/ 6E-
IIDC 

165/ 6E-
2Cft 

165/ 4E-
14DBB 

165/ 5E-
30PIAB 

165/ 5E-
30fiBB 

165/ 5E-
. 30ftBC 

165/ 6E-
27BB 

175/ 5E-
BPCD 

175/ BE-
20r:Rfi 

175/ 6E-
25flD 

185/ 5E-
IIBD 

1 

IV) 

rvo 

N Lat. 
Deg.Min. 

44-18.20 

44-16.10 

44-12.13 

44-10.05 

44- 9.31 

44- 9.29 

44- 9i.l3 

44-'9.06 

44- 6.-39 

14- 4.90 

44- 3.94 

44- 1.12 

W .Long Hole # 
Deg.Min. Date 

122- 7.26 WOLF MDW 
. 8 / 1/80 

122- 3.25 CR-TBR 
7/26/VV 

122- 2.97 GR-FP 
. 8/ 5/76, 

122-17,50 BH-SZ 
.11/26/75 

122-14.62 1ST DAM 2 
.8/ 8/79 

122-14.88-ST Dm 3 
8/ 8/79 

122-14.98 ST DAM 1 
,-, 8/ 8/79 

•122- 4.69.CR-HC 
9/29/76 

122-13.99 WLKR CRK 
.- 7/24/80 

122-13.84 RIDR CRK 
7/31/80 

122- 1.37 MOSQ CRK 
8/ 1/80 

122- 9,81 REBL CRK 
7/31/60 

Collar 
. Elev. 

999 

71S 

70 

457 

.389 

368 

"368 

573 

S85 

536 

1005 

7 8 0 • • 

•'. 

Bottom Depth Uncorr. Corr, 
Temp, Interval Avg. TC # Gradient Gradient 
cc)^ :̂  
18.12 . 

(m) Wm'^K"-^ TC 'C/km 'C/km 

75.20 

14.56 

10.76 

11.74 

14.16 

12.91 

21.56 

15.78 

24.77 

11.06 

14.40 

45.0 
154.0 

,0 
52,0 

100.0 
150.0 

12.5 
45.0 

25.0 
61,0 

15.0 
85,0 

45.0 
79,7 

30.0 
150.0 

105.0 
155,0 

.60.0 
154.0 

115.0 
152.0 

55.0 
155.0 

1.46 90.2 
1.8 

1.74 
.03 

1.80 
.33 

1.32 

1.33 

1.55 

1.55 

11 

1; 57 " 12- .-.-
.05 

C 1.59) 

1,64 " 4 
.04 

84.1 
1.4 

37.8 
.' . 4 

56.3 
1.2 

54.0 

50.8 
3.6 

96r2 
.9 

54.1 
.7 

128.5 
'3.6 

52.8 
1.4 

75.6 

Corr. 
HF Q 

mWm"*- HF 

110 B 

88.3 

35.0 

53.0 

51.0 

48.0 

70.9 

52.0 

97.5 

.73.3 

154 

63 

70 

68 

111 B 

83 B 

159 -' B 

114 

X 



Only one anomalous value is present, and in general the data f a l l in to two 

groups: those east of the High Cascade-Western Cascade thermal boundary and those 

west of the boundary. West of the boundary, heat-flow values generally are below 

-2 -2 

55 mWm , while east o f the boundary they are generally above 100 mWm (Blackwell 

and others, 1978). Typical gradients are 25-35°C/km and 60-70°C/km, respect ively. 

The hole with the highest heat-f low value, at Rider Creek, was d r i l l e d w i th in 

ha l f a mile of Terw i l l i ger Hot Springs, ind icat ing that a s l i g h t l y larger area is 

associated with the hot springs than is in evidence from the surface manifestations, 

Obviously, the value i t s e l f is biased by i t s proximity to the hot springs and 

cannot be considered a regional value. 
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CONCLUSIONS AND RECOMMENDATIONS ; 

During the course of th is inves t iga t ion , two major north-south lineaments 

were found to have close cor re la t ion wi th the d i s t r i bu t i on of thermal springs arid 

areas of increased heat-f low. Geological mapping revealed that both l ineaments' 

are the resu l t o f major north-south-trending f a u l t zones and that these f a u l t 

zones must, to a cer ta in extent, control the flow of geothermal waters. 

The avai lable analyses indicate that the thermal waters may be separated in to 

two compositional groups based on to ta l ionic content, ionic r a t i o s , and calcu-

lated reservoir temperatures. These two groups show a one-to-one cor re la t ion wi th 
V '• 

the aforementioned f a u l t zones: the hot ter springs ( i , e , , Bigelow, Belknap, and 

Foley) being associated wi th the McKenzie-Horse Creek f a u l t zone which forms the 

western margin of the High Cascade graben; and the cooler springs (Cougar and 

Terw i l l i ge r ) being associated with the Cougar Reservoir f a u l t zone which l i es west 

of the High Cascade graben margin. This cor re la t ion is also seen in heat-f low 

measurements, wi th the higher values associated with the McKenzie-Horse Creek f au l t 

zone and the lower numbers associated wi th the Cougar Reservoir f a u l t zone. 

This prel iminary data analysis indicates that the McKenzie-Horse Creek f a u l t 

zone may control a higher temperature geothermal resource than the Cougar Reservoir 

f a u l t zone. Both zones, however, contain geothermal resources which warrant fur ther 

study. To accomplish a detai led assessment of the geothermal resources, the fo l lowing 

steps are recommended: 

1. Detailed mapping (scale of 1:24,000 or greater) of the McKenzie-Horse Creek 

f a u l t zone making use of ex is t ing 1:15,000 U, S. Forest Service color aer ial 

imagery - - to i den t i f y and evaluate act ive thermal structures along th is zone. 

2, Detailed spring and well sampling and analyses of both hot and cool waters, 

including isotopic and gas analyses - - to help evaluate reservoir condit ions. 
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3, Closely spaced complete Bouguer and residual grav i ty anomaly studies along 

the f a u l t zones - - to fur ther re f ine the grav i ty anomalies found during pre

vious regional studies and to t i e anomalies to mapped st ructures, 

4, Res is 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 ) east-

west and north-south along the f a u l t zones - - to fur ther define geothermal 

aquifers and to locate areas of thermal upwelling and recharge, 

5, A program of f i ve to ten 500-f t gradient /s t rat igraphy holes placed at s t ra teg ic 

locations - - to re f ine the evaluation of the Belknap-Foley heat-f low model. 

6, Five to s ix 2,000- f t gradient /s t rat igraphy holes - - to evaluate thermal anomalies 

and to d i r ec t l y tes t geothermal aquifers indicated by r e s i s t i v i t y traverses 

and the shallow heat-f low study, 

7, Feas ib i l i t y study - - to determine the best method for d r i l l i n g the very young, 

loosely consolidated volcanic rocks w i th in the High Cascade graben. 
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APPENDIX A 

Formulas used in calculations 

Na:K (revised): „ 1217 p-,̂  -.r fcn,,v,m-pp 19791 
t °C = log (Na/K) + 1,483 ^ '^ '^^ (l-ourmer, iy/yj 

Na:K:Ca: „ 1647 . Or o o. ? c ^TN - 273,15 (Fournier and Truesdel l , 1973), 
t C = 2,24 + t- (Tj 

where F (T) = log (Na/K) + [ 3 log (/cF/Na) ] , 

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

t C = calculated reservoir temperature, 

and concentrations are expressed in mo la l i t y . 

Magnesium correct ion r a t i o : 

(mi l l iequ iva lents Mg) ^ „ -.QQ 

R = (mi l l iequ iva lents Mg) + (mi l l iequ iva lents Ca) + (mi l l iequ iva lents K) 

I f R <5 or >50, no ca lcu la t ion was made. For R between 5-50, 

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

[(1.968 X lO'^) ( log R)^/T^] + [(1,605 X 10^) ( log R)^ /T^] , 

where R = magnesium correct ion ra t i o expressed in equivalents, 

Atjy. = ,the temperature correct ion that is subtracted from 

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

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

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

SiOjp temperature calculat ions (Fournier and Rowe, 1966): 

1 309 
SiO^ (conductive), ^0^ ^ 5,19 + log (SiO^) ' 273-15 

1 "i?? 
SiO^ (ad iabat ic ) , ^o^,^ 5,75' f log (SiO^) " 273-15 

i 

SiOp (chalcedony), 1032 „.,„ ,(. 
"̂  t°C = 4,69 + log (SiO^) " '^^•^•'^ 

Si Op ( o p a l ) , 731 07-3 i c 
^ t "c = 4,52 + log (Si02) ' '^^•^•'^' 

where Si02 is expressed in mg/1. 
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LCJCfiTIOH! SALH1 AMS, OREGON 
16S/ 5E-3€lPlflB 

HOLE (SmE! ST DPM 2 
DftTE MK^SUREDs 8 / 8/'79 

DKPIW 
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 
61.0 

DEFDH 
i-'KLT 

16 .4 
3 2 . 8 
4 9 . 2 
6 5 . 6 
8 2 . 0 
9 8 . 4 

114 .8 
131 ,2 
147 ,6 
164 ,0 
180.4 
196 .8 
2 0 0 . 1 

TEMPERftTURE 
DEG C 

9 .050 
9 .230 
9 .360 
9 .510 
9 .720 
9 .970 

10;240 
10 .520 
10 .800 
11 .070 
11 .340 
11 .700 
11 .740 

DKR F 

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

GEU'lTHERMflL GRfi 
DES C/KM DEG 

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

IDIH^ 
F/10< 

0 . 0 
2 . 0 
1.4 
1.6 
2 . 3 
2 . 7 
3 . 0 
3..1 
3 . 1 
3 . 0 
3 . 0 
4 . 0 
2 . 2 

4:» 
IN3 
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LOCflTIOSt SflLEM ftMS. OREGON 
165/- 5E-30ftBB : 

HOLE NflMEi ST DflM 3 
DftTE MEASURED! 8 / 8 /79 

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 
87.0 

DEFIH 
FEET 

16.4 
32.8 
49.2 
65.6 
82.0 
98,4 
114.9 
131.2 
147.6 
164.0 
180.4 
196.8 
213,2 
229,6 
246,0 
262.4 
278.8 
285,4 

TEMPEI 
. DEG C 

10.990 
10.260 
10.330 
10.290 
10.330 
10.410 
10.550 
10,730 
10.910 
11.180 
11.520 
11.780 
12.070 
12.480 
13.000 
13.490 
13.980 
14.160 

SATURE 
DEG F 

51.78 
50.47 
50.59 
50.52 
50.59 
50.74 
50.99 
51.31 
51.64 
52,12 
52.74 
53.20 
53,73 
54,46 
55.40 
56.28 
.57,16 
57.49 

GEUTHERM 
DEG C/KM 

0.0 
-146.0 
14,0 
-8.0 
8.0 
16.0 
28.0 
36.0 
36.0 
54.0 
68.0 
52.0 
58.0 
82.0 
104.0 
98.0 
98,0 
90,0 

AL GRADIEK 
DEG F/101 

0,0 
-8.0 
0.8 
-0.4 
0.4 
0.9 
1.5 
2.0 
2.0 
3.0 
3.7 
2.9 
3.2 
4.5 
5.7 
5.4 
5.4 
4.9 

4^ 
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LOCATIG^s SALB1 ftMS. OREGON 
16S/ 5E-30ftBC 

HOLE NAME* ST DAM 1 
DATE MEASURED! 8/ 8/79 

DEPTH 
METEkS 

5.0 
10.0 
15.0 
20.0 
^.0 
30.0 
35.0 
40.0 
45,0 
50.0 
55,0 
60,0 
65,0 
70,0 
75.0 
79.7 

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 
261.6 

TB1PERATURE : 
DEG C 

10.440 
10.420 
10.560 
10.600 
10.660 
10.760 
10.890 
11.060 
'11.270 
11.530 
11.820 
12.170 
12.410 
12,630 
12,710 
12,910 

DEG F 

50.79 
50.76 
51.01 
51.08 
51.19 
51.37 
51,60 
51.91 
52.29 
52.75 
53.28 
53.91 
54.34 
54.73 
54,88 
55.24 

GEOTHERMAL GRf 
DEG C/KM DEG 

0.0 
-4.0 
28.0 
8.0 

.12.0 
20.0 
26.0 
34.0 
42.0 
52.0 
58.0 
70,0 
48.0 
44.0 
16.0 . 
42.1 

ffilEN-
F/10< 

0.0 
-0.2 
1,5 
0.4 
0.7 
1.1 
1.4 
1,9 
2,3 
2.9 
3.2 
3.8 
2.6 
2.4 
0.9 
2.3 
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-LDLAi ] a i \ : 3AL5M Arii , , OKtCaON 
16S/ 6E/273B 

H8LE NUM.3ER: CR'HC 
,DAT& MEASURED; 9/29/7£t. 

DEPTH 
j iL i£as . 

DEPTH 
-F.LE1. 

TEMPERATURE 
-D££-C Q£fi. 

40 

GE8TH£R:'1AL, GRADI,E\T 
..OEG_-CZm. 0£(i...f7AQ.Q .FI 

10»0 
15.0 

• 20*0.-
25.0 
30.0 

40*0 
45.0 
5Q.0 
55.0 
.60.0 

70 «0 
75*0 
60*0 
85.0 
90" 0 
-2.5'0 
lOOoO 
105*0 
3.10...Q. 
115.0 
120.0 

130»0 
135*0 
•40.0 

I'U.. 

145.0 
150»0 

32.8 
49.2 

._6.5j!.i_ 
82.0 
98.4 

114. S.„ 
131.2 
147.6 
.iM..Jl.. 
180.4 
196.8 
^' J.-2. -l-O.̂  
229.6 
246.0 
265*4 
278. 
295-

.2X1^ 
328.0 
344.4 

377.2 
393.6 

_.4jLvjL.Q_..... 
426.4 
442.8 
-455_t.2 
475.6 
492.C 

_..S_.J.2J_... 
8*360 
8*930 

__2.*J310_. 
9.350 

10*360 

xyjLiz.... 
11*270 
11*810 
•i2-«_315 .. 
12*913 
13*350 

_±.'L«̂ iO_.. 

A6..ii£_ 
47*05 
^8.07 

49.73 
-50.65 
-.5.1.45-
52*29 
53*26 

14*550 
14*980 
•13*610 
15*330 
16.330 
! 6.:S40 
17.070 
17.700 
i8.?no 
18.720 
19.160 
I2i62^.. 
20*050 
20.420 
20_.ii3I}. . 
21*240 
21*560 

60*49 
61.39 
61 .95 
62*73 
63*85 
64.76 
65.70 
56.49 

- ^7_.-3i 
66.09 
58.76 

__69.43 
• 70.23 
70.81 

..a.. 
48*0 

114.0 
- .,B2*_D... 
102*0 
102.0 

--50*0 
92.0 

108*0 
.i_aai.CL. 
120*0 
:>8.0 

..U2-?-0-_. 
108*0 
86*0 

_126*Q 
44*0 
100.0 

_..-5_2JL0. 

36.0 
126«0 
..100i.Q_ 
104*0 
•58*0 

,,9Ai.O.. 
84. 0 
74*0 

._a2».0-. 
32*0 
64.0 

• f D 

"2.6' 
6.3 
...4*5. 
•J. 6 

0.6 

4 0 5 

5*0 
5.9 
5_« 5_ 
'(776 
4.S 
7.1 

4.7 
A*9.. 
2«4 
5 »5 
3.4 
4.7 
6o9 
5*5 
5.7 
4.S 
51.̂.. 
4.6 
4.1 
4._5 
.4.5 
3.6 

48 
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LOCATim« SALEM A^©, OREGON 
ITS/ SE- 8ACD 

€̂a.E NAME" WLKR CRK 
DATE MEASURED" 9/24/80 

DEPTH 
METERy 

11.0 
13.0 
15.0 
17.0 
19.0 
21.0 
23.0 
25.0 
27.0 
29.0 
31.0 
33.0 
35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 

,, K.0 -
57.0 ' . 
59.0 
61.0 
63.0 
65.0 .. 
67.0 : 
69.0 
71.0 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
85.0 
87.0 
89.0 
91.0 

DEPTH 
FEET 

36. i" 
42.6 
49.2 
55.8 
62.3 
68.9 
75.4 
82.0 
^ . 6 
95.1 
101.7 
108.2 
114.8 
121.4 
127.9 . 
134.5 
141.0 
147.6 
154.2 
160.7 
167.3 
173.8 

.180.4 
187; 0 
193.5 
^0,1 
206.6 
213.2 
219.8 
226.3 

v. 232.9 
239.4 

.3 246.0 
•:252.6 
259.1 
265.7 
2','2;2 
cTi^.e. 
28b. 4 
291.9 •:<. 
298.5 

TEMPEI»^TURE 
DEG C 

12.410 
12.160 
12.050 
11.940 
11.820 
11.730 
11.640 
11.570 
11.510 
11.460 
11.420 
11.390 
11.360 
11.340 
11.320 
11.310 
11.310 
11.320 
11.370 
11.380 
11.380 
11.390 
11.400 
11.420 
11.430 
11.450 
11.510 
II.F;R0 
11.660 
11.730 
11.810 
11.860 
11.910 
11.980 
12.030 
12.100 
12.180 
12.240 
12.310 
12.380 

• 12.460 

DEG F 

54.34 
53.89 
53.69 
53.49 
53.28 
53.11 
52.95 
52.83 
52.72 
52.63 
52.56 
52.50 
52.45 
52,41 
52.38 
52.36 
52.36 
52.:^ 
52.47 
52.48 
52.48 
52.50 
52.52 .; 
52.56 
52.57 
52.61 
52.72 
52.84 
52.99 
53.11 
53.26 
53.35 
53.44 
53.56 
53.65 
53.78 
53.92 
54.03 
54.16 
54.28 
54.43 

GE0THEK1 
DEG C/KM 

0.0 
-125.0 
-55.0 
-55.0 
-6€i.0 
-45.0 
-45.0 
-35.0 
-30.0 
-25.0 
-20.0 
-15.0 
-15.0 
-10.0 
-10.0 
-5.0 
0.0 
5.0 

25.0 
5.0 
0.0 
5.0 

_5.0. 
10.0 
5.0 
10.0 
30.0 
35.0 
40.0 
35.0 
40.0 
25.0 
25.0 
35.0 
25.0 
35.0 
40.0 
30.0 
35.0 
35.0 
40.0 

AL GRADIEK 
DEG F/l» 

0.0 
-6.9 
-3.0 
-3.0 
-3.3 
-2.5 
-2.5 
-1.9 
-1.6 
-1.4 
-1.1 
-0.8 
-0.8 
-0.5 
-0.5 
-0.3 
0.0 
0.3 
1.4 
0.3 
0,0 
0.3 

.-0.3, 
- . . 0.5 

0.3 
0.5 
1.6 
1.9 
2.2 
1.9 
2.2 
1.4 
1.4 
1.9 
1.4 
1.9 
2.2 
1.6 
1.9 
1.9 
2.2 



I 

tn 

LOCATION! SALEM AMS. OREGON 
17S/ SE- 8ACD 

HOLE NAME! WLKR CRK 
DflTE MEflSURED! 9/24/80 

PflGE 2 

DliFfH 
METERS 

93.0 
95.0 
97.0 
99.0 
101.0 
103.0 
105.0 
107.0 
109.0 
ill.0 
113,0 
115,0 
117.0 
119.0 
121.0 
123.0 
125.0 
127.0 
129.0 
131,0 
133,0 
135.0 
137.0 
139,0 
141.0 
143.0 
145.0 
147.0 
149.0 
151.0 
153.0 

UiiPTH 
FEET 

305.0 
311.6 
318.2 
324.7 
331.3 
33V. 8 
344.4 
351.0 
357.5 
364.1 
370.6 
377.2 
383.8 
390.3 
.396.9 
403.4 
410.0 
416.6 
423.1 
429.7 
436.2 
442.8 
449.4 
455,9 
462.5 
469.0 
475.6 
482.2 
488.7 
495.3 
501.8 

DEG C 

12.540 
12.640 
12.730 
12.800 
12.880 
12.950 
13.030 
13.130 
13.240 
13.350 
13.420 
13.540 
13.660 
13.770 
13.870 
13.990 
14.120 
14.250 
14.370 
14.460 
14.560 
14.660 
14.740 
14,830 
14.940 
15.020 
15.110 
15.220 
15.400 
15.530 
15.640 

iHTUKh. 
DEG F 

54.57 
54.75 
54.91 
55.04 
55.18 
bb.31 
55.45 
55.63 
55.83 
56,03 
56,16 
56.37 
56.59 
56.79 
56.97 
57.18 
57.42 
57.65 
57,87 
58.03 
58.21 
58.39 
58.53 
58.69 
58.89 
59.04 
59.20 
59.40 
59.72 
59.95 
60.15 

btUlHJlKnHL 
DEG C/KM ] 

40.0 
50.0 
45.0 
35.0 
40.0 
35.0 
40.0 
50.0 
55.0 
55.0 
35,0 
60.0 
60.0 
55,0 
50.0 
60.0 
65.0 
65,0 
60,0 
45.0 
50,0 
50.0 
40.0 
45,0 
55.0 
40.0 
45.0 
55.0 
90.0 
65.0 
55.0 

DEG F/10< 

2.2 
2.7 
2.5 
1.9 
2.2 
1.9 
2.2 
2.7 
3.0 
3.0 
1.9 
3.3 
3.3 
3.0 
2.7 
3.3 
3.6 
3.6 
3.3 
2.5 
2,7 
2.7 
2.2 
2,5 
3.0 
2.2 
2.5 
3.0 
4.9 
3,6 
3.0 
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LOCATION! SALEM m S , OREGON 
175/ 5E-20BAfl 

HOLE NflMEi RIDR CRK 
DflTE MEASURED! 9/23/80 

DEPTH 
METERS 

14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42,0 
44.0 
46.0 

— 48.0 
50.0 
52.0 
54,0 
56.0 
58,0 
60.0 
62.0 
64.0 
66,0 
68.0 
70.0 
72.0 
74.0 
76.0 
78.0 
80.0 
82.0 
84.0 
86,0 
88.0 
90.0 
92.0 
94.0 

DEPTH 
FEET 

45.9 
52.5 
59.0 
65.6 
72.2 
78.7 
85.3 
91.8 
98.4 
105.0 
111.5 
118.1 
124.6 
131.2 
137.8 
144.3 
150.9 
157.4 
164.0 
170.6 
177,1 
183.7 
190,2 
196.8 
203.4 
209,9 
216.5 
223.0 
229.6 
y.-^.z 
242.7 
249.3 
2bb.8 
262.4 
269.0 
275.5 
282.1 
288.6 
295.2 
301.8 
308.3 

TEMPERATURE 
DEG C 

11.850 
11.650 
11.580 
11.540 
11.440 
11.380 
11.360 
11.370 
11.400 
11.450 
11.500 
11.570 
11.630 
11.690 
11.730 
11.810 
11.970 
12.070 
12.160 
12.280 
12.380 
12.520 
12.660 
12.830 
12.970 
13.290 
13.890 
14.120 
14.330 
14.530 
14.720 
14.940 
15.160 
15.430 
15.620 
15.920 
16.120 
16.370 
16.620 
16.860 
17.110 

DEG F 

53.33 
52.97 
52.84 
52.77 
52.59 
52.48 
52.45 
52.47 
52.52 
52.61 
52.70 
52.83 
52.93 
53.04 
53,11 
53.26 
53.55 
53.73 
53.89 
54.10 
54.28 
54.54 
54.79 
55.09 
55.35 
-̂ 55.92 
57.00 
57.42 
57.79 
58.15 
58.50 
58.89 

. 59,29 
59.77 
60.12 
60.66 
61.02 
61.47 
61.92 
62.35 
62.80 

GEOTHERMflL GRADIEN' 
DEG C/KM 

0.0 
-100.0 
-35,0 
-20.0 
-50.0 
-30.0 
-10.0 
5.0 
15.0 
25.0 
25.0 
35.0 
30.0 
30,0 
20,0 
40.0 
80.0 
50.0 
45.0 
60.0 
50.0 
70.0 
70.0 
85.0 
70.0 
160.0 
300.0 
115.0 
105.0 
100.0 
95.0 
110.0 
110.0 
135.0 
95.0 
150,0 
100.0 
125,0 
125.0 
120.0 
125.0 

DEG F/10( 

0.0 
-5.5 
-1.9 
-1.1 
-2.7 
-1.6 
-0.5 
0.3 
0.8 
1.4 
1.4 
1.9 
1.6 
1.6 
1.1 
2.2 
4.4 
2.7 
2.5 
3.3 
2.7 
3.8 
3.8 
4.7 
3.8 
8.8 
16.5 
6.3 
5.8 
5.5 
5.2 
6.0 
6.0 
7.4 
5.2 
8.2 
5.5 
6.9 
6.9 
6.6 
6.9 



tn 

DEPTH 
METERS 

96.0 
98.0 

100.0 
102.0 
104.0 
106.0 
108.0 
110.0 
112,0 
114.0 
116.0 
118,0 
120.0 
122.0 
124.0 
126.0 
128.0 
130,0 
132, ja 
134.0 
136.0 
138.0 
140.0 
142.0 
144.0 
146.0 
148.0 
150.0 
152,0 

LOCATION! SALE31 AMS. OREGON 
ITS/ 5E-20BflA 

HOLE NAME! RiDR CRK 
DATE MEflSUREDi 9/23/80 

DEPTH TEMPERATURE 
FEET DEG C DEG F 

314.9 
321.4 
328.0 
334.6 
341.1 
347.7 
354.2 
360.8 
367.4 
373.9 
380.5 
387.0 
393.6 
400.2 
406.7 
413.3 
419.8 
426.4 
433,0 
439,5 
446.1 
452.6 
459.2 
465.8-
472.3 
478.9 
485.4 
492.0 
498.6 

17.350 
17.660 
17.950 
18.200 
18.500 
18:740 
19.040 
19.290 
19.550 
19.820 
20.100 
20.350 
20.560 
20.800 
21.050 
21.360 
21.670 
21.960 
22.230 
22.480 
22.710 
22.940 
23.200 
23.420 
23.640 
23.850 
24.030 
24.170 
24.480 

63.23 
63.79 
64.31 
64.76 
65.30 
65.73 
66.27 
66.72 
67.19 
67.68 
68.18 
68.63 
69.01 
69.44 
69.89 
70.45 
71.01 
71.53 
72,01 
72.46 
72.88 
73.29 
73.76 
74.16 
74.55 
74.93 
75.25 
75.51 
76.06 

PAGE 2 

GEOTHERMAL GRADI0HT 
DEG C/KM DEG F/100 FT 

120.0 
155.0 
145.0 
125.0 
150.0 
120.0 
150.0 
125.0 
130.0 
135.0 
140.0 
125.0 
105.0 
120.0 
125.0 
155.0 
155,0 
145.0 
135.0 
125.0 
115.0 
115.0 
130.0.. 
110.0 
110.0 
105.0 
90.0 
70.0 

155.0 

6 .6 
8 .5 
8.0 
6 . 9 
8.2 
6 .6 
8.2 
6 .9 
7 .1 
7 .4 
7 .7 
6 .9 
5 .8 
6.6 
6 .9 
8. 
8. 
8.0 
7.4 

- 6 .9 
6 .3 
6 .3 

—7.1 
, 6 .0 

6.0 
5.8 
4 .9 
3 .8 
8.5 
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LOCATION! SALEM AMS, OREGON 
175/ 6E-25AD 

HOLE NAME! M0St3 CRK 
DATE MEASURED! 9/24/80 

DEPTH 
METERS 

15.0 
17.0 
19.0 
21.0 
23.0 
25.0 
27.0 
29.0 
31.0 
33.0 
35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57,0 
59.0 
61.0 •• -
63.0 
65.0 
67.0 
69,0 
71.0 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
85.0 
87.0 
89.0 
91.0 
93.0 
95.0 

DEPTH 
FEET 

49.2 
55.8 
62.3 
68.9 
75.4 
82.0 
88.6 
95.1 
101.7 
108.2 
114.8 
121.4 
127.9 
134.5 
141.0 
147.6 
154.2 
160.7 
167.3 
173.8 
180.4 
187.0 
193.5 
200.1 
206,6 
213,2 
219.8 
226,3 
232.9 
239.4 
246.0 
252,6 
259.1 
265.7 
272.2 
cT/y.e 
285.4 
291.9 
298.5 
305.0 
311.6 

TEMPERATURE 
DEG C 

6.940 
6.920 
6.920 
6.910 
6.920 
6.940 
6.950 
6.980 
7.010 
7.040 
7.070 
7.100 
7.130 
7.160 
7.190 
7.220 
7.260 •• 
7.300 
7.330 
7.360 
7.390 
7.430 
7.460 
7.490 
7.520 
7.550 
7.580 
7.610 
7.640 
7.670 
7.700 
7.730 
7.760 
7.790 
7.820 
7.850 
7.890 
7.930 
7.970 
8.010 
8.060 

DEG F 

44.49 
44.46 
44.46 
44.44 
44.46 
44.49 
44.51 
*T*T • O O 

44.62 
44.67 
44.73 
44.78 
44.83 
44.89 
44.94 
45.00 
45.07 
45.14 
45.19 
45.25 
45.30 
45.37 
45T43 -
45.48 
45.54 
45,59 
45.64 
45.70 
45.75 
45.81 
45.86 
45.91 
45.97 
46.02 
46.08 
46.13 
46.20 
46.27 
46.35 
46.42 
46.51 

GEOTHERM 
DEG C/KM 

0.0 
-10.0 
0.0 
-5.0 
5.0 
10.0 
5.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
20,0 
20.0 
15.0 . 
15.0 
15.0 
20,0 
15.-0-
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
20.0 
20.0 
20.0 
20.0 
25.0 

AL GRADIENT 
DEG F/100 FT 

0.0 
-0.5 
0.0 
-0.3 
0.3 
0.5 
0.3 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
1.1 
1.1 
0.8 
0.8 
0.8 
1.1 
•0v8-
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
X • X 
X • X 
X • X 
X > X 
X • ̂  

—̂-...̂.̂  
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LOCATION I SALEM AMS. OREGON 
185/ 5E-11BD 

HOLE NAME! REBL CRK 
DATE MEASURED! 10/30/80 

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 

. 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 

TEMPEI 
DEG C 

9.350 
9.260 
•9.180 
9.080 
9.070 
9.090 
9.150 
9.220 
9.290 
9.440 
9.590 
9.770 
9.920 
10.120 
10.390 
10.300 
10.690 
10.850 
11.250 
12,000 
13.030 
14.010 
14.030 
14.080 
14.120 
14.150 
14.270 
14.380 
14.420 

JflTURE 
DEG F 

48.83 
48.67 
48.52 
48.34 
48.33 
48.36 
48.47 
48.60 
48.72 
48.99 
49.26 
49.59 
49.86 
50.22 
50.70 
50.54 
51.24 
51.53 
52.25 
53.60 
55.45 
57.22 
57.25 
57.34 
57.42 
57.47 
57.69 
57.88 
57.96 

GEOTHERM 
DEG C/KM 

0.0 
-18.0 
-16.0 
-20.0 
-2.0 
4.0 
12.0 
14.0 
14.0 
30.0 
30.0 
36.0 
30.0 
40.0 
54.0 
-18.0 
78.0 
32.0 
80.0 
150.0 
206.0 
196,0 
4,0 
10.0 
8.0 
6.0 

24.0 
22.0 
8.0 

AL QRflDIENi 
DEG F/10< 

0.0 
-1.0 
-0.9 
-1.1 
-0.1 
0.2 
0.7 
0.8 
0.8 
1.6 
1.6 
2.0 
1.6 
2.2 
3.0 
-1.0 
4.3 
1.8 
4.4 
8.2 
11.3 
10.8 
0.2 
0.5 
0.4 
0.3 
1.3 
1,2 
0,4 
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^# î'-̂  
• r \ ~ ^ • ' r i -r 

.^f,^ *.& -**• ^ 

TEMPERRTURE 
10 

•-D€fi.:^t-'SS'^^" 
:^z'kpy77yyp77 • '"'•"' ^ • v r . \ "•''"-• -'J-' 

I 

G 

Q 

G 

G 

G 

G 

G 

,. -̂ G'-

' Gv-

T T T 

REBL CRK 
Q 183/ 5E-11BD 

10/30/80".• . 

G 

Q 

G 

la. 

Q 

G 

G 

G 

G 

G 

Q 

15 

. • • - • • ' ' ' % . i i ^ p - ^ i ! S i '••• 


