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EXPLANATION

(Boundaries are approximate; statements are general;
deseriptions are based on hand specimen identification)

Piiocene (?) dacitic rocks: Upper Miocene or lower Pliocene (?), medium- to

light-gray, diktytaxitic, fine-grained, quartz- and hypersthene-bearing dacitic

RECONNAISSANCE GEOLOGIC MAP OF THE WILLAM

STTE PASS AREA OREGON

0Tigocene (?) volcanic rocks: Oligocene (?) lithic tuffs, lapilli tuffs,
rock-fragment-rich laharic tuffs, volcanic breccias, and epiclastic rocks,

PLATE I

Map prepar:
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GEOLOGIC SYMBOLS
Contacts - A1l contacts for this study are approximately located and based
on reconnaissance mapping only

Normal fault - Solid where exposed, dashed where inferred, dotted where con-
cealed, ball and bar on downdropped side

Syncline - Dashed where inferred
Strike and dip of beds

Flat-lying beds

-
@
* Volcanic center - Includes volcanic pipes, necks, plugs, and shield vol-

canoes

Areas of general rock alteration - Areas of propylitic to argillic altera-
tion. Alteration suite includes deposits of one or more of the

| following: quartz, chalcedony, limonite, pyrite, barite, hema-

| tite, specularite, pyrrhotite, and clay minerals
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) ) Tpd flows and plugs. Found as limited outcrops directly underlying unit Tpuv. Tov and, to a lesser extent, black, dense, basaltic and andesitic autobreccias
Glaciofluvial deposits: Unconsolidated, Tocally stratified deposits of Partially equivalent to Qv (volcanic rocks of the High Cascades) of and flows. Pyroclastic rocks are generally highly sheared and massive in
Q gravel, silt, cobbles, and boulders up to 5 m in diameter, with lenses Callaghan and Buddington (1938), QTba (basalts and andesites) of Wells and outcrop and altered to contain green, greenish-brown, and light-green Tow-
gf of varved silts and clays where glacial deposits predominate. Forms Peck (1961), and QTv (volcanic rocks of the High Cascades . . . undivided) grade metamorphic minerals. Lava flows are generally highly altered, with
flat-1ying to hummocky deposits on floors of stream valleys. Includes of Peck and others (1964) mafic minerals wholly altered to green and white clay minerals. Margins of
undifferentiated alluvial, terminal moraine, and glacial outwash deposits. flows are obscured in outcrop by numerous shear zones filled with clay,
Approximate equivalent to Qal (alluvium) of Wells and Peck (1961) and Qal calcite, and green to white quartz and chalcedony. Unit is easily discern-
(alluvium) of Peck and others (1964) Miocene volcanic rocks: Miocene basaltic, andesitic, and dacitic Tava flows ible from unit Tmv in outcrop on basis of 1lithology, relative degree of
and autobreccias and, to a lesser extent, tuffs, lapilli tuffs, ash flows, alteration, and shearing. Occurs as dominant rock type throughout western
) ) . 3 Tmv mudflows, and debris flows. Dark-gray to black, dense, porphyritic, two- portion of study area. Unit is defined on basis of 1ithology and strati-
Lands]ide deposits: Unconsolidated blocks of bed rock and debris moved pyroxene andesites with large plagioclase phenocrysts predominate, but graphic position and includes all similar rocks lying below unit Tmv.
downsTope via debris flow and slumping from undercutting by stream action. aphyric basaltic rocks are also common. Mafic minerals are generally al- Partially equivalent to Ta (volcanic rocks of the Western Casches) of
Qls Material size ranges from silt- and clay-size particles to blocks 250 m tered to green clay minerals, with degree of alteration increasing toward Callaghan and Buddington (1938). Approximate time-stratigraphic equivalent
in longest dimension. Prominent scarps are normally present at heads of base of unit. Flow contacts are readily identified in outcrop, and several to Tmop (pyroclastic rocks) of Wells and Peck (1961) and Tit (Little Butte
slides. unconformities are present within unit. Caps ridges west of Hills Creek Volcanic Series tuffs) of Peck and others (1964)
Reservoir. Limited outcrops underlie unit Tov east of Middle Fork of
. . ) ) ] Willamette River. Unit is defined on basis of lithology, stratigraphic po-
Basalts of High Prairie: Upper Pliocene or Pleistocene (?), medium-gray, sition, and K/Ar dates and includes all similar rocks of Miocene age (units
diktytaxitic, glomeroporphyritic, olivine-bearing basaltic flows, with Tms and Tmd excluded). Partially equivalent to Ta (volcanic rocks of West-
QTdh euhedral to subhedral plagioclase phenocrysts. Overlies Pliocene to Mio- ern Cascades) of Callaghan and Buddington (1938). Approximate time-strati-
cene (?) stream gravels as series of intracanyon flows in canyon of North graphic equivalents of Tmua (andesite and basalt) of Wells and Peck (1961)
Fork of Middle Fork of Willamette River north of city of Qakridge. Mapped and Tsa (Sardine Formation andesite) of Peck and others (1964)
separately from unit Tpv on basis of stratigraphic position. Flat areas
tend to be blanketed by thick, brick-red, saprolitic soil. Source is
thought to be large shield and composite volcanoes of the High Cascades Miocene dioritic rocks: Middle (?) Miocene, light-gray, aphanitic, equi-
platform east of the study area. Partially equivalent to Qv (velcanic granular, quartz-bearing diorite; crops out locally in Salt Creek drainage
rocks of the High Cascades) of Callaghan and Buddington (1938), Qb (basalts Tmd only, intruding flows of upper Tov unit. Approximately equivalent to Ti
and andesites) of Wells and Peck (1961), and Qtv (volcanic rocks of the (intrusive igneous rocks) of Callaghan and Buddington (1938) and Tg (grano-
High Cascades . . . undivided) of Peck and others (1964) diorite) of Peck and others (1964) 8
S
Pliocene volcanic rocks: Lower to middle Pliocene, medium- to light-gray, Mioccene silicic rocks: Lower Miocene, light-gray to red, flow-banded, aphyric (@)
diktytaxitic, glomeroporphyritic to aphyric, olivine-bearing basaltic and to porphyritic, sanidine- to quartz-bearing rhyodacitic and dacitic flows and Z,
Tov andesitic flows, with euhe@ra] to sgbhedrq1 plagioclase phgnocrysts. In- Tms plugs. Occurs as dominant rock type in Eagle Butte and Dead Mountain areas f=]
P cludes interflow pyroclastic and epiclastic rocks. Caps ridges east of and locally elsewhere throughout entire study area. Unit is defined on basis " ) @)
Middle Fork of Willamette River. East of longitude 122°15" W., occurs as of lithology, K/Ar dates, and stratigraphic position. Partially equivalent '\'“\ﬁ “F\gé%éﬁ}ﬁ&@y (s
dominant rock type and is mantled with glacial moraine and outwash deposits. to Ta (volcanic rocks of the Western Cascades) of Callaghan and Buddington S k\i‘ﬂﬁg ’4/1/r@1¢. -
Major source thought to be large shield and composite vo1canqes east of . (1938), lower part of Tmva (andesite and basalt) and upper part of Tmop ‘ﬁkéxigjﬂij,i%gﬁ
study area. Unit is defined on basis of lithology and stratigraphic posi- (pyroclastic rocks) of Wells and Peck (1961), and upper part of Tit (Little SN e e
tion and includes all similar rocks of Pliocene age and possibly some of Butte Volcanic Series tuff) of Peck and others (1964) =5 G
lower Pleistocene age on the eastern portion of the map area (unit @Tbh ex-
cluded). Partially equivalent to Qv (voicanic rocks of the High Cascades)
of Callaghan and Buddington (1938), QTba (basalts and andesites) of Wells
and Peck (1961), and QTv (volcanic rocks of the High Cascades . . . undivided)
of Peck and others (1964)
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DISCLAIMER

This report has not been edited for complete
conformity with Oregon Department of Geology and
Mineral Industries standards. Data in this docu-
ment are preliminary and are subject to change

upon further verification.
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INTRODUCTION

The Willamette Pass area is located in the central Western Cascade Range of
Oregon approximately 80 km (50 mi) east of Eugene, Oregon, up the Willamette River
drainage (Figure 1). Limits of the study area were arbitrarily assigned to U.S.
Geological Survey (USGS) topographic map boundaries and to natural breaks in the
geology and topography (Plate I). This study, performed under U.S. Department of
Energy (USDOE) Contract No. DE FCO7-79ET27220 and Oregon Department of Energy
Contract No. 1-003-33, was undertaken to estimate the geothermal potential of
the area, using various methods including compilation of existing data, reconnais-
sance geologic mapping, lineament analysis, well and spring geochemistry, and

accrual of geothermal-gradient data.

Geographically, the study area is located in the rugged mountains immediately
east of Oakridge, Oregon, which is located at the western edge of the map.
Drainage in the area is through two forks of the Willamette River, Salmon Creek,

and Salt Creek, from the east towards the west via deep, V-shaped canyons.
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Figure 1: Map showing location of study area.



GEOLOGY

Introduction

The Willamette Pass area encompasses parts of both the Western Cascades and
High Cascades geologic provinces (Figure 1). The area is dominated in the
western part by older Western Cascades Oligocene tuffaceous rocks and Miocene
lavas (Plate 1) and in the eastern part by High Cascade lavas of Quaternary and
latest Tertiary age and Pliocene lavas. High-angle normal faults cut the area
in numerous places, following chiefly north and northwest trends; a major north-
west-trending lineament, the Eugene-Denio lineament, crosses the area (Lawrence,
1976). Alteration zones and local Miocene volcanic centers near these faults
and lineaments have obscured important relationships in the Western Cascades
province. It was found during this study that the geology and structure of the
Willamette Pass area were generally more complex to interpret than those of the

Belknap-Foley area to the north.

Table 1. Radiometric (K/Ar) ages for selected rocks of the Willamette Pass area

Sample no.* Location Rock type Age (m.y.) Stratigraphic unit

OM-5 122020'09" Dacite 21.3+1.0 Tms
43%34'15"

OM-520 122022'15" Rhyolite  17.3+0.7 Tms
43%48' 45"

OM-49 122023'24"  Basalt 18.7+0.9 Tmv
43°36'41"

*0OM - analyzed for this report by University of Utah Research Institute (UURI),
Stanley Evans and Duncan Foley, analysts.



Volcanic stratigraphy

The geologic history of the Willamette Pass area resembles the history of
the Belknap-Foley area to a remarkable degree. Volcanism in both areas changed
from silicic pyroclastic activity in the Oligocene to eruption of greater quanti-
ties of lavas of increasingly more mafic composition from Miocene to Quaternary
times. One major difference between the eruptive history of the two areas is
the extrusion of sanidine-phyric rhyolitic to dacitic lavas and tuffs (unit Zms,
Plate I) in the Willamette Pass area during the early Miocene. No potassic sanidine-

bearing units are known in the Belknap-Foley area.

Dacitic to rhyodacitic Tlaharic tuffs and ash-flow tuffs (e.g., P-2 in Table
2) and minor basaltic lavas erupted in the 0ligocene over the entire Western Cascade
region (unit Tov, Plate 1). No reliable radiometric dates are available for these
tuffs, but overlying lavas have been dated at 22+1 m.y., near Lookout Point, north
of the study area (unpublished K/Ar data by University of Utah Research Institute
(UURI), Stanley Evans and Duncan Foley, analysts). These eruptions were followed
by a period of erosion that produced a steep topography which was filled in by
repeated eruptions of lavas and subordinate tuffs during the Miocene. A distinctive
series of short flows and ash flows of sanidine-bearing rhyolitic rocks lies at
the base of the Miocene section (unit Tms, Plate I). These rhyolitic rocks are not
present north of the area and are overlain by a thick stack of Miocene lavas of
intermediate to mafic composition (unit Zmw, Plate I). Numerous plug domes of
units Tms and Tmv, including some dioritic intrusions (unit 7md, Plate I), mark old
volcanic centers throughoﬁt the area. The Fall Creek mining district on the
northern margin of the area has a high concentration of these intrusive bodies.
Unit Tms has been dated at 21.3+1.0 m.y. and 18.7+0.9 m.y., whereas a basaltic
lava of unit Tmw was 17.3+0.7 m.y. old (Table 1; unpublished K/Ar data by UURI,

Evans and Foley, analysts).



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

Compo- i e 2=z
nent Tms Tov
5i02 69.20 71.00
T'iO2 0.58 0.38
A1203 14.70 14.80
Fe203 2.80 2.00
FeO 130 0.49
MnO 0.08 0.01
Mg0 0.62 0.49
Ca0 2.10 1.80
Na20 4.90 3.80
K20 2.60 3.60
P205 0.09 0.04
H20 1.28 1.60
o, 0.4 <0.05
Total 100.22 99.97

*References: P - from Peck and others, 1964.



Aside from some minor epiclastic sediments, the late Miocene to Quaternary
section is completely dominated by mafic lavas. Late Miocene to early Pliocene
quartz- and hypersthene-bearing dacites (unit Tpd, Plate I) are volumetrically
subordinate to overlying Pliocene basaltic to basaltic-andesitic lavas (unit Tpv).
These distinctive Pliocene lavas generally have diktytaxitic textures and pheno-
crysts of relatively fresh or moderately iddingsitized olivine. Unit Zpv rocks
are lithologically similar to Pliocene-Pleistocene basaltic flows of the Basalts
of High Prairie (informal name), shown as unit @7bh on Plate 1. The Basalts of
High Prairie are, however, obviously intracanyon into the Pliocene Tavas along
the North Fork of the Middle Fork of the Willamette River (Plate 1). The
Pliocene and Pleistocene basaltic lavas appear to thicken toward their source

in the High Cascades, to the east.

Structural geology

Mapped faults in the Willamette Pass area are generally high-angle normal
faults with northwesterly trends, although east-west-, northeasterly- and north-
trending faults are also common locally (e.g., at Huckleberry Mountain and Squaw
Butte, Plate I). These generalizations also apply to the Tineament map (Figure 2);
a major N.55°w.-trending lineament appears on the Tineament map following Kitson
Ridge and Lookout Point Reservoir (Figure 2). This lineament, which has not,
however, been proven to be a fault (Plate I) is the Eugene-Denio Tineament,
considered by Lawrence (1976) fo possibly be the result of right-lateral oblique-
slip faulting. Hydrothermal alteration is anamalously intense in Miocene and
older rocks along the Eugene-Denio lineament, although such alteration is also
present along other Tineaments and mapped faults, as well. In any case, none of
this alteration affects Pliocene capping lavas along the lineament. Only faults
trending nearly north-south to N.30%W. and rare east-west faults appear to cut the

Pliocene capping lavas (e.g., at Huckleberry Mountain, Plate I). It may be that



58 RAINBOW 14 ML 58

T 20S

RN )

o
T22S

-‘-7 _:‘ e
t%% S
o

20 Statute Miles

I 1 I i
5 0 5 10 15 20 25 30 Kilometers
=== = ) — e _
15 Nautical Miles

w
(=}
w
a

CONTOUR INTERVAL 200 FEET
*

ROSEBURG, OREGON U Figure 2.
- o\l /we  PHOTO—LINEAMENT MAP

24 M:[s\
OF
Voecumanon arcemen or et WILLAMETTE PASS AREA



faults subparallel to the Eugene-Denio lineament were active prior to north-south-

and east-west-trending faults and prior to the Pliocene.

North-south-trending faults in the Willamette Pass may be cogenetic with

similar north-south-trending normal faults in the Belknap-Foley Hot Springs area

to the north. The Belknap-Foley area has two major north-south-trending fault
zones which appear to control the distribution of hot springs. The most prominent
fault zone in the Belknap-Foley area is the western margin of the High Cascades
graben (Allen, 1966). Delineation of the High Cascades graben in the Willamette
Pass area is, however, not possible, because the study area does not quite overlap
what is probably the western topographic scarp of the graben. The topographic
margin appears to be approximately at the east sides of Moolack and Waldo Mountains

(Figure 2).

Relationship of structure to the geothermal systems

ATl of the thermal springs in the Willamette Pass area are in topographic
Tows within the Oligocene volcanic sequence (Plate I). A1l of the thermal springs
are also on or near major lineaments or mapped faults. Kitson Hot Springs is
located on the Eugene-Denio lineament where east-west- and northeast-trending
lineaments intersect (Figure 2). A major north-trending lineament passes by
McCredie Hot Springs, and mapped faults trending west-northwest and northeast

intersect at the Wall Creek warm springs (Plate I).

It may be that some degree of fracture permeability is essential for passage
of geothermal water. The bedrock host for the hot springs in every case is
relatively highly altered Oligocene volcanic rock. The altered rocks generally
have low permeability, as demonstrated by past experience with wells in the area.
Enhancement of permeability by pervasive fracturing may be necessary to create

geothermal aquifers in this area.



GEOPHYSICS

Two geophysical studies were available for evaluation in this report. A
regional aeromagnetic study (Figure 3) which was performed by the Oregon State
University Geophysics Group is discussed in detail by Couch (1978) and Connard
(1980). This study, in general, seems to indicate a close correspondence between
magnetic maxima and topographic highs in the Willamette Pass area. This corre-
spondence is probably because the Pliocene and Pleistocene units found capping the
ridges tend to have a higher proportion of magnetically susceptible minerals than

the older, underlying Miocene and Oligocene rocks.

Site-specific interpretations of the aeromagnetic data for the study area are
not obvious. However, regional interpretation by Couch (1978) and Connard (1980)
indicates a possible north-south-striking fault with east side down in the approxi-
mate location of the Hills Creek Reservoir-Flat Creek fault zone. The motion
on this fault zone, however, was mapped in this study as east side up, based on

relative offset of units. A second fault has been placed by Couch (1978) and

Connard (1980) along the Eugene-Denio lineament (Lawrence, 1976), who have
inferred a right-lateral motion using offsets of magnetic anomalies to the east.
The depth to Curie point isotherm GvﬁOOOC) is also estimated to be greater on

the west side of the north-south-striking fault than on the east side. Blackwell
and others (1978) present a thermal model of the Cascades which estimates a

similar depth to the 600°C isotherm.

The second geophysical study is a regional gravity survey also performed
by the Oregon State University Geophysics Group (Couch, 1978; Pitts, 1979). This
study (Figures 4 and 5) is presented as both a complete Bouguer gravity anomaly map and
a residual anomaly map, both of which are discussed in detail by Couch (1978)

and Pitts (1979). The main feature of both these maps is the steep gravity



BlacH m

CoraT

SUAPJATN BUTTE

| RIAM TOLS 92

N

Scale 1:250,000 Figure 3. TOTAL FIELD AEROMAGNETIC ANOMALY MAP
ROSEBURG, OREGON (From Connard, 1980) Contour interval 50 gammas

1958
I.G.R.F. 1975
E
REVISED 1970 Data reference elevation 9,000 ft
CONTOUR INTERVAL 200 FEET Cutoff wavelength 15 km 10




56 RAINBOW 14 Mi.

7 /

= "'éjfl;é""":)‘;i‘-‘i-}j: I,I/-':/ .i;r’!'r‘
bﬂu\\‘g\s\\_ﬂ!gﬂ 4
TN N

7%
210N

)

22 M. TO U.S 97

4” S& b .
’ 2852

S :.,.»';?*}_- < g

- s W

SEZINNRY 7
L ' 1'4@3;-- =
) S )

— j A j \
5 (N

gﬂﬁ?ﬁﬁﬁkv'
5 ﬁﬁ&gﬁﬂ
” i‘: AN

N N D e A o NN S T sy ) B AV k\ :
COMPLETE BOUGUER ANOMALY MAP OF WILLAMETTE
(From Pitts and Couch, 1978) Contour interval 2.0 mgal

ScﬂelﬁSQGOOo Figure 4.
[ e = s —— el
0

5
BeH= =
ST Estimated uncertainty 1.0 mgal
B
ROSEBURG, OREGON Reduction density 2.67 g/cm
1958 Transverse Mercator Projection

REVISED 1970 Theoretical gravity: IGF (1930) 11



R4E

e

S S
SALH a
Il 7. S NST

.

-4-" - %‘%ﬁw 7 -; =200 2% { ‘ " N : :\_ == “ _ {
N ‘\%@ ) .'_ g8 .._.\_'4._‘ 5t : .;- s s

o

.
S IR
g;g—g@g
- ‘b"\»
0

e
=T

=4

" Sc-ale 1:250,000 4 Figuré 5.
e F—= | —
ROSEBURG, OREGON

1958
REVISED 1970

) 2 z:' ' '\‘r ‘ G
Iﬁ%‘}f”“p "

W
11 ] = & :

5

R z @ {7208
) RRENE

R i % A‘\ &“\

T228

o /7

W2z Mi. TO U.S, 87

o

/ poug(\ X\
INNEZo

B
PSS ) o7 [

(From Pitts, 1979) Contour interval 2.0 mgal
Estimated uncertainty 1.0 mgal

Reduction density 2.43 g/cm

Regional components greater than 895 km removed
Transverse Mercator Projection

Theoretical gravity: IGF (1930)

RESIDUAL GRAVITY ANOMALY MAP OF WILLAMETTE PAS?}-;\REA

12



gradient coincident with the Hills Creek Reservoir-Flat Creek fault zone and the
location of local thermal springs and wells. Pitts (1979) and Couch (1980)
interpret this anomaly to represent either a large graben-bounding fault zone
with east side down, an area of shallow silicic intrusives, or a possible com-
bination of both. Detailed geologic mapping and possibly deep drilling is needed
to further refine geologic modeling based on the geophysical studies in this

report.

13



WATER CHEMISTRY

During the period of this study, eight springs, wells, and geothermal-gradient
holes were sampled and their waters analyzed. Together with published analyses
(Mariner and others, 1974; Mariner and others, 1980), a total of eighteen analyses
were available for evaluation (Table 3). The analyses were then used to calculate
minimum reservoir temperatures (Table 4), using standard formulae for geothermo-
metry which are included, together with references, as Appendix A. Preliminary
evaluation of available data indicates that the thermal waters can be best described
as a neutral to mildly alkaline, saline, carbonate water generally diagnostic of
a hot-water-dominated system at depth. Calculated reservoir temperatures indicate
subsurface temperatures are in the moderate range (80—1200C), which is typical of
other areas in the Cascades. Geochemical and geologic controls of the geothermal
system are not obvious; however, a pattern of increasing ion concentrations is
seen from north to south (i.e., from Wall Creek Springs, to McCredie Springs, to
Kitson Springs and Saline Well). Ionic concentration increases are apparent in
total dissolved solids, sodium, potassium, calcium, ammonia, and choloride. No
explanation is apparent from preliminary examination of the analyses; however,
this increase may indicate a larger contribution to the thermal waters from connate
water trapped in Eocene sediments found at depth. This depth to sediments may
be relatively more shallow than in the northern parts of the Cascades, which may
be the reason for the relatively high abundance of salt springs and "soda" springs
found in the southern Cascades. Any further geochemical modeling is dependent
on the collection and analysis, including gas and isotopic studies, of samples from

more springs and wells.

14



Table 3. Spring and well chemistry of the Willamette Pass area. A1l measure-
ments are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

McCredie McCredie McCedie McCredie Na1]_Creek
Springs #1  Springs #1  Springs #3  Springs #2 Springs

Location 21S/4E/36Bc  21S/4E/36Bc 21S/4E/36Bc 21S/4E/36Bc 20S/4E/26Bc
Date sampled '74 10/76 10/76 8/80 3/76
Temp. (°C) 73.0 71.0 66.0 62.0 41.0
pH 7.3 7.4 7t o) 7.2
Conductance 6730 6770 6800 6750 2340
umhos/cm

Alkalinity 21 16 16 16 34

X, as mg/1 HCO, h c c c ¢
XC as mg/1 CaCO3

Hardness nt 1380 1364 nt nt

as mg/1 CaCU3

Total dissolved nt 4420 4584 4200 1461
solids

5102 79 65 71.8 78.4 63

Na 1000 910 915 885 315

K 22.0 28.0 27 .6 21.8 170
Ca 460 500 495 456 130

Mg 0.9 0.9 105 2.42 1.0
C1 2200 2232 2308 2030 602

As nt 0.08 0.07 0.11 0.07
B 18.0 17.8 19.5 9.91 6.6
Li 1.40 1.98 2.0 1.48 0.57
F 2.70 2.68 2.86 2.3 4.1
Fe (total) 0.02 0.1 0.1 0.43 0.05
Al 0.01 tr tr 0.47 tr
HCO3 nt 20 20 nt nt
PO4 0.61 0.11 0.22 nt 0.16
SO4 240 185 218 271 108
NO3 nt tr tr nt nt
NH3 0.26 0.21 0.14 nt 0.1

15



Table 3.

A11 measurements are in mg/1, except for pH or as indicated.

tr = trace.

Location
Date sampled
Temp. (OC)
pH

Conductance
umhos/cm

Alkalinity
Xh as mg/1 HCO3
XC as mg/1 CaCO3

Hardness
as mg/1 CaCO3

Total dissolved
solids
5102

Na

K

Ca

Mg

C1

As

B

Li

F

Fe (total)
Al

HCO3

P03

504

NO3

NH3

Wall Creek

Springs

Kitson
Springs

8/80

40.0

7.6
2288

&3

nt

1500

73.2

299
8.5
114
0.53
600
0.07
nt
0.43
4.0
0.32
0.52
nt
nt

160
0.02

nt

20S/4E/26Bc 22S/4E/6Add

3/58
44 .4
7.4

10500

nt

nt

6340

47

1450
28
726

3420
nt
25

o ™

.01
2

o

27

197

nt

16

Kitson
Springs

22S/4E/6Add 22S/4E/6Add 22S/4E/6Add
'78

5/78

43.0

T3
10100

24h

nt

nt

45

1500
26
710
1.6
3450
nt
22
2.0
2.4
0.04
tr
nt
nt

210.0
nt

nt

Kitson
Springs

Spring and well chemistry of the Willamette Pass area--Continued .
nt = not tested;

Kitson
Brine well

8/79
44.0
6.8

10500

]80

1900

5930

47

1450
28
726
5.7
3420
0.26
25
2.02
2.6
2.0
0.14
27
nt

197
nt

nt

nt

6.
10000

nt

1900

5000

nt

nt
nt
nt
nt
nt

nt

nt

nt
nt

nt
nt

nt

«26



A1l measurements are in mg/1, except for pH or as indicated.

Table 3.
tr = trace.
Kitson
Brine well
Location 22S/4E/6Add
Date sampled 8/80
Temp. (°C) 30.0
pH 8.75
Conductance 10300
umhos/cm
Alkalinity nt
Xh as mg/1 HCO3
X as mg/1 CaCO
c 3
Hardness 1165
as mg/1 CaCO3
Total dissolved 6214
solids
5102 13(?)
Na 1573
K 10
Ca 848
Mg 2
Cl1 3423
As <0.625
B 20.3
Li 2.05
F 2.0
Fe (total) <0.025
Al <0.625
HCO3 nt
PO4 nt
SO4 193
ND3 nt
NH3 142

Salt
Spring

21S/3E/17Cd
6/79
18.0
7.4
8800

365,

1433

5300

29
1250
45.8
490
51
2800
0.01
10.5
0.93
s By
21.7
0.26
nt

nt
82.9

nt
3.46

17

Hills Creek

Spring and well chemistry of the Willamette Pass area--Continued .
nt = not tested;

Oakridge #1

Drill hole Drill hole
90 ft-410 ft 670 ft
21S/3E/26Caa 21S/3E/17D aa

8/80 8/80
14.5 22.1
8.75 7.45
nt 8500
nt nt
154 1477
424 5028
21 3(?)
39 1344
<2.50 24
28 466
9 40
105 2676
<0.625 <0.625
0.3 6.9
<0.050 <0.050
0.4 <0.1
<0.025 <0.025
<0.625 <0.625
nt nt
nt nt
145 170
nt nt
0.1 0.8



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

Black Creek Christy Creek Wall Creek Brock Creek
Drill Hole Drill Hole Drill Hole Drill Hole
Location 21S/5E/16Acd 19S/4E/29Ccb 20S/4E/27Ddd 19S/5E/27Bcc
Date sampled 6/10/80 7/1/80 6/3/80 6/5/80
Temp. (°C) 8.47 16.89 18.94 16.23
pH 7.58 7.23 8.27 8.61
Conductance 89.5 106 17200 250
umhos/cm
Alkalinity nt nt nt nt
Xh as mg/1 HCO3
Xc as mg/1 CaCO3
Hardness 42.8 34.2 68.4 125
as mg/1 CaCO3
Total dissolved 86 116 966 88
solids
5102 25% 21* 23* 22%
Na 6 11 335 4
K <2.50 <2.50 <2.50 <2.50
Ca 10 7 26 8
Mg 4 3 <0.500 3
C1 15:.2 7.58 579.0 15.2
As <0.625 <0.625 <0.625 <0.625
B <0.125 <0.125 6.0 <0.125
I3 <0.050 <0.050 <0.050 <0.050
F <0.1 0.1 3.5 <0.1
Fe (total) 0.99 0.34 0.04 0.14
Al i <0.625 <0.625 <0.625
HCO3 nt nt nt nt
PO4 nt nt nt nt
SO4 <2 4 83 <?
NO3 nt nt nt nt
NH nt 0.4 0.2 0.3

*Results may reflect a loss of 5102 due to sampling technique and delayed
filtering of sample. 18



Table 4.

Flow rate
liters/min.

Measured
temperature
°

Na:K

%

Na:K:Ca
1/3 8

%

Na:K:Ca
4/3 B

%

Na:K:Ca

Mg corrected
e

5102
conductive
ot

5102
adiabatic
O

5102
chalcedony
ot

5i02

opal

%

*Methodology for calculations presented in Appendix A.

Kitson
Springs

66

44.4

82

110

83

NC

99

100

69

-16

Kitson
Springs

50

43

77

107

81

71

a7

98

67

-18

Kitson
Springs

50

44

81

102

83

NC

95

99

69

~16

19

McCredie
Springs
#

50

73

88

114

81

74

124

122

96

50

71

104

125

86

84

115

114

86

NC

Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Willamette Pass area

McCredie McCredie
Springs
#

Springs #3

76

66

103

125

86

NC

113

112

84

not calculated.



Table 4. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Willamette Pass area -- Continued

McCredie

Wall

Springs #2 Creek

Flow rate 50
Titer/min.

Measured 62
temperature

Na:K 104

Na:K:Ca 126
1/3 8

%

Na:K:Ca 87
4/3 g

Sp

Na:K:Ca NC
Mg corrected

%

5102 124
conductive
%%

5102 122
adiabatic
%

5102
chalcedony
g

95

5102 25

opal
%

Springs

11

41

110

125

73

NC

120

118

92

Salt
Spring

18

66

138

108

105

78

82

46

=17

Black Christy Wall Brock
Creek Drill Creek Creek
Drill Hole Drill Drill
Hole Hole Hole

13 pumped pumped pumped

8.5 16.89 18.94 8.61

NC NC NC NC
NC NC NC NC
NC NC NC NC
NC NC NC NC

72 (?) 65 (?) 69 (?) 67 (?)

77 (2) 71 (2) 74 (?) 72 (?)

40 (2) 33 (2) 37 (2) 35(?)

-39 (?) -45 (?) -42 (?) -43 (?)

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

The temperature-gradient and heat-flow results for the Willamette Pass area
are shown in Table 5. Included in the table are the township/range-section and
latitude and longitude location of each hole for which temperature data are
available. In addition, the hole name, date of logging used, and collar elevation
are included for each hole. The bottom hole temperature, maximum depth, corrected
temperature gradient, and, where available, corrected heat flow are printed in
blue on Plate I. These values are also listed in the table, as are the depth
interval and average thermal conductivity used for calculation of the gradient
and heat flow. The values are given in SI units. To transform units, the
41.84 mhm ™2,

18.2 °F/100

following conversion factors were used: 1 x 10_6 ca]fcmzsec (HFU)
1,-1 1

"

1 x 1073 cal/cm sec®C (TCU) = 0.4184 Wn 'K™', and 1°C/km = 1 mKm™
ft. Corrected gradient and corrected heat flow are values for which the topographic

effects have been removed. These are significant for many of the sites studied.

The holes are ranked in terms of the quality of the gradient or heat-flow
information: high quality (A), good quality (B), marginal quality (C), data with
some problems (D), and data for which no useful temperature gradient or heat flow
can be estimated (X). A1l thermal-conductivity measurements were made on cutting
samples. Most of the holes shown on the table were drilled specifically for heat-
flow studies, and so the data quality is relatively high. In general, holes drilled
in the Western Cascade rocks give linear gradients below near-surface effects that
may vary in depth from 20 to 100 m. Holes 50-150 m deep in High Cascade rocks,
such as 21S/5E-16Acd, are often isothermal because of lateral flow of water in the

porous young volcanic rocks.

*By D. D. Blackwell, Southern Methodist University, Dallas, Texas.
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Table 5. Geothermal-gradient data, Willamette Pass area, Oregon

Bottom Depth Uncorr. Corr. Corr.,
Twn/Rng- N Lat. W Long Hole # Collar Temp. Interval Avg. TC # Gradient Gradient HF
Section Deg.Min. Deg.Min. Date Elev. {°C) (m) Wmflx"l TC °C/km °C/km mwm % HF
195/ 6E~ 43-56:96 122- 1.85 ELK CRK 877 i8:23 40.0 1.22 ie 43.2 33:3 41 B
B8BA ?r 9780 135.0 . 04 1.0 ’
1957 GE~ 43-53.31 122-12.61 BRCK CRK a7 16.23 135.0 1.75 3 65.8 65.6 115 B
27BCC /31,80 154.0 .29 .4
195/ 4E-  43-53.00 122-16.47 CHRS CRK 573 16.89 70.9 Y. 5 4 64.0 52.3 92 B
29CCB /31,80 : 154.0 .09 1.1
1957 BE-  43-52.S5 122- 4.11 N FORK a51 18.68 30.0 1.35 4 78.4 67.5 91
25DCD 7-31/80 154.0 .05 <
20S/ 3E- 43-48.01 122-24.95 CS-WW 719 12.85 45.0 ¢ 1:59] 25.3 25.1 40 B
26DA 3/28/76 70.0 1.8
70.0 i M LT 33.0 38.8 46 B
140.0 e
205/ 4E- 43-47.94 122-18.83 WALL CRK 562 17.80 30.9 113 g 2.6 60.5 69 R
27DDD 711,80 135.9 .13 .9
20S/ 3E- 43-47.88 122-25.18 AE-WW 707 11.88 i0.9 ( 1.59) 25.8 25.6 41 B
26CD B8/19/76 80.9 .5
80:0 € 1:147) 36:5 36:3 43 B
125. 8
215/ 3E- 43-45.64 122-25.93 FC-WW 548 13:20 25: 0 € 1:17) 36.5 35:.6 42 B
1@AD 9/28/76 i00.@ 8
215/ SE- 43-44.85 122-14.60 BLCK GRK 829 7,97 45:0 6.2 ps
16ACD 8/ 1,80 104.09 .6
21S/ 3E~ 43-44.80 122-28.25 0RAKR CW6 1771 70.09 47,7 E
17DA 2,21/79 125.0 2.9
21S/ 4E-  43-43.15 122-19.97 CR-MCHSE 533 20.98 10.0 1.67 13 82.3 60.0 101 B
28RD 9/29/76 150.0 .4
2157 3E- 43-42.50 122-25.50 DH—-Z-5 413 11.02 20.0 52.3 X
35B1 11/25/75 27.5 s
21S/ 3E~ 43-42.50 122-25.5@ DH-Z-2 459 10.45 60. 5.8 b

%
35B3 1172375 73.0 T



Twn/Rng—
Section

215/ 3JE-
3582
225/ 3E-

1epDC

225/ SE-
26BC

23S/ GE-
8DAR

€e

Table 5. Geothermal-aradient data, Willamette Pass area, Oregon--Continued

N Lat. W Long Hole #
Deg.Min. Deg.Min. Date

43-42.50 122-25.50 DH-Z-8
11,25/75

43-40.26 122-27.04 PCCPG-WW
628478

43-38.19 122-11.31 CR-MCHSW
9/29/76

43-35.48 122-14.02 PNTO CRK
8/ 1/80

Collar
Elev.

459

490

975

1219

Bottom
Temp.
o)
10.33
13.98

15.32

16.07

Depth

Interval

(m)
55.0
%]

S8 B

.0
.0

30.9
150.0

40.9
154.0

Avg. TC
W~ 1k?
1.33
1.97
.06

1.5
.04

# -

™

13

Uncorr. Corr.
Gradient Gradient
G A%m °C/km

12.7
1

3.0 40.0
16

54,09 1.8
.4

B3.3 6.1

3.3

COre.
HF

me'1

lez

101



The data fall into 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 55 m!w'rrf2

, while east of the boundary they are generally
above 100 me'Z (Blackwell and others, 1978). Typical gradients in the two areas

are 25—3506/km and 60—700C/km, respectively.
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CONCLUSIONS AND RECOMMENDATIONS

Owing to the highly complex nature of the geology of the Willamette Pass,
no preliminary geothermal model is presented with this report. Several areas,
however, exhibit characteristics which appear to be favorable for geothermal
development. They are the Eugene-Denio lineament, the Hills Creek Reservoir-Flat
Creek shear zone, and the North Fork shear zone — a geophysical and geological
lineament found at the northern boundary of the map. A1l of these areas show
intense faulting and hydrothermal alteration, geophysical anomalies, and, in the
case of the Eugene-Denio lineament, some indication of association with present-
day active geothermal systems. Of the presently active geothermal systems, McCredie
and Kitson Hot Springs are the most economically attractive for low-temperature
exploitation, owing to their proximity to the city of Oakridge. Detailed study of
these springs is recommended to assess their geothermal energy potential and to
provide models for other Western Cascades thermal springs. To accomplish a detailed
assessment of the geothermal resources, the following steps are recommended:

1. Detailed mapping (scale of 1:24,000 or greater) of the three major
fault zones discussed above -- to identify and evaluate their relation
to the geothermal systems.

24 Detailed spring and well sampling and analyses of both hot and cool
waters, including isotopic and gas analyses -- to help evaluate
precise reservoir conditions.

3. Closely spaced complete Bouguer and residual gravity anomaly studies
along fault zones -- to further refine the gravity anomalies found during
previous regional studies and to tie anomalies to mapped structures.

4. Resistivity traverses (either dipole-diple, roving dipole, or telluric)
across areas with thermal springs -- to further define the geothermal

aquifers and locate areas of thermal upwelling and areas of recharge.

25



A program of ten to fifteen 500-ft gradient/stratigraphy holes, placed
at strategic Tocations -- to complete the evaluation of the Willamette
Pass geothermal model, with emphasis to be on detailed heat-flow
modeling of thermal springs nearest to the city of Oakridge.

Six to eight 2,000-ft gradient/stratigraphy holes -- to evaluate
thermal anomalies and directly test geothermal aquifers indicated by
resistivity traverses and the shallow heat-flow study, with emphasis

to be on areas nearest the city of Oakridge.
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APPENDIX A

Formulas used in calculations

Na:K (revised): 1217 _ :
t O¢ = Tog (Na/K) + 1.483 273.15 (Fournier, 1979)

Na:K:Ca: 1647 _ i 3)s
¢ 9 = 7 ¥ F 7y - 273:15 (Fournier and Truesdell, 197 )

where F (T) = log (Na/K) + [ 8 log (/Ca/Na) 1,
8 = 1/3 if t> 100°C, and 4/3 if t <100°C,
tOC = calculated reservoir temperature,

and concentrations are expressed in molality.
Magnesium correction ratio:
o (milliequivalents Mg) - X 100
R = (milliequivalents Mg) + (milliequivalents Ca) + (milliequivalents K)
If R <5 or >50, no calculation was made. For R between 5-50,
ﬁtMg = 10.66—(4.7415) (R) + [5323.8?) (Tog R)zj -7[(1.032 X3102J (Tog RJZ/T] -
[(1.968 X 10") (log R)“/T°] + [(1.605 X 10") (log R)"/T°],
where R = magnesium correction ratio expressed in equivalents,
at,, = the temperature correction that is subtracted from
the Na:K:Ca 1/3 B calculated temperature,
T = Na:K:Ca 1/3 8 calculated temperature in O
can be obtained by using the graph compiled by Fournier and Potter (1979).

Mg

Or AtMg

SiO2 temperature calculations (Fournier and Rowe, 1966):

. . 1309
510, (conductive), O = 5797 T6g (5102) - 273.15
$i0, (adiabatic) 0 1522 - 273.15

2 ’ t°C = 5.75 ¥ Tog (510,) '
Si0, (chalcedony), 1032

2 t° = 469 + Tog (510,] ~ 273.15
$i0., (opal), 731

. t° = 752+ Tog (570,) ~ 273-1%

where Si02 is expressed in mg/1.
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GEQTHERMAL GRADIENT
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LOCATION: ROSEBURG AMSs OREGON PAGE 2
195/ 4E-29CCBH

HOLE NAME: CHRS CRK
DATE MEASURED: 9/17/80

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/10@ FT
g7.0 318.2 13,159¢ 55.74 €5.0 3.6
938.0 324.7 13.320 55.98 65.0 3.6
101.09 . 13.440 56.19 60.09 3.3
103.0 337.8 13.580 56.44 70.0 3.8
105.0 344.4 13.690 £5.0 3.0
107.0 351.0 13.820 56.68 65.0 3.6
109.0 357.5 13.980 57.16 808.0 4.4
111.09 364.1 14.110 57.40 65.0 3.6
113.0 370.6 14,250 57.65 78.9 3.8
115.9 37v.2 14,330 57.90 70.0 3.8
117.0 383.8 14,520 58.14 65.0 3.6
119.9 390.3 14.650 58.37 65.0 3.6
121.0 396.9 14, 58.60@ 65.0 3.6
123.0 403.4 14.930 £8.87 75.0 4.1
125.0 410.0 15.040 59.07 55.0 3.0
127.0 416.6 15.180 59.32 70.0 3.8
129.9 423.1 15.310 59.56 65.0 3.6
131.09 429,7 15.430 53.77 £60.0 3.3
133.0 436.2 15.570 : 70.9 3.8
135.0 442.8 15.7730 60.31 89.0 4.4
137.0 449.4 15.860 60.55 65.0 3.6
139.0 455.9 15.980 60. 76 60.0 3.3
141.0 462.5 16.109 60.98 £690.0 3.3
143.0 469.0 16.210 61.18 £5.0 3.0
145.0 475.6 16.320 61.38 55.0 3.9
147.@ 482.2 16.430 61.57 55.9 3.0
149.0 488.7 16.5409 61.77 B55.0 3.9
151.9 495.3 16.66Q 61.98 60.0 3.3
153.0 5e1 16.760 62.17 50.9 2.7
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LOCATION: ROSEBURG AMS, OREGON
1857 SE-27BCC

HOLE NAME:  BRCK CRK
DATE MEARSURED:! 9,17/8@

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG Fr10@ FT
30.0 98.4 11.110 52.00 Q. 2.0
32.9 1e5.09 9.600 48.28 ~755.0 -41.4
34.@ 111.5 9.650 49.37 25.0 1.4
36.9 i1i8.1 9.680 43,42 15.9 0.8
38.9 124.6 9.700 48.46 19.0 2.5
40.0 131.2 9.710 48.48 5.9 9.3
42.0 137.8 9.710 49,48 9.0 2.9
44.0 144.3 9.740 43,53 15.0 2.8
46.9 15@.9 9.820 49.68 40.9 2.2
48.0 157.4 9.850 49.73 i5.0 9.8
50.0 164.0 9.959 49,91 5e.9 2.7
52.0 i70.6 9.980 49.96 i5.90 2.8
54.0 177.1 10.020 50.04 20.0 1.1
56.0 183.7 10.040 50.07 19.9 .5
£8.0 190.2 10.060 50.11 1.0 @.5
6.0 196.8 10.130 50.23 35.0 1.9
62.0 203.4 10.230 50. 41 5.0 2.7
64.0 209.9 10.310 50.56 40.0 2.2
66.0 216.5 10.310 50.56 2.9 2.0
68.0 223.0 10.430 50.77 60.0 3.3
70.0 229.6 19. 459 50.81 10.0 2.5
2.0 236.2 10.530 50.95 49.0 2.2
74.0 242.7 40 51.15 £5.0 3.0
76.0 249.3 10.800 51.44 Be.o 4.4
78.0 255.8 11.2%0 52.32 245.0 13.4
B80.9 262.4 11.580 52.84 145.0 8.0
B82.0 269.0 11.610 52.90 i15.0 0.8
84.0 275.5 11.630 52.93 19.0 2.5
B6.0 282.1 11.649 52.95 5.0 @.3
88.9 288.6 11.640 . 2.0 2.0
90.0 295.2 11.700 53.06 30.0 1.
92.0 301.8 11.720 53.10 10.9 0.5
94.0 308.3 11.740 53.13 10.0 2.5
96.0 314.9 11.760 17 19.0 2.5
SB8.0 321.4 11.79@ 53.22 15.0 @.8
1920.0 328.0 . 860 35.0 1.9
102.0 334.6 11.9109 53.44 25.0 1.4
104.0 341.1 11.970 53.55 30.90 1.6
106.0 347.7 11.590 53.58 10.0 @.5
ile8.9 354.2 .970 . -10.9 -0.5
110.0 369.8 12.0109 53.62 20.0 1.1
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LOCATION' ROSEBURG AMS: OREGON
27BCC

19S5/ SE-,

HOLE NAME:  BRCK CRK
DATE MEASURED: S/17.80

DEPTH TEMPERATURE
FEET DEG C DEG F
367.4 12.070 53.73
373.9 12.100 53.78
380.5 12.120 53.82
387.0 12.409 54.32
393.6 12.870 55.17
400.2 .31 55.96
406.7 13.649 56.55
413.3 13.920 657.06
419.8 14.210 57.58
426.4 14,430 .97
433.0 14.620 58.32
433.5 14,800 58.64
446.1 14,940 58.89
452.6 15.070 59.13
458.2 15.200 59.36

465.8 15.360@ 54,
472.3 15. 460 53.83
478.9 15.550 53.99
485.4 15.740 690,33
432.0 15.940 60.69
458.6 16.060 60.91
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LOCATION* ROSEBURG AMS, OREGON
195/ 6E-25DCD

HOLE NAME: N FORK

DATE MERSURED! 9/17/80

DEPTH DEPTH TEMPERATURE GEQOTHERMAL GRADIENT

METERS FEET DEG C DEG F DEG C/KM DEG F/10Q FT
36.0 118.1 10.300 50.54 2.9 2.0
38.0 =

124.6 10.040 50.07 =1
. - 50.38

137.8 10.270 59.439
. 50.68

150.9 10.520 50.94

157.4 10.630 51.13

164.0 10.740 51.33

179.6 10.840 51.51
177.1 10.980 51.76
. 52.07
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LOCATION' ROSEBURG AMS: OREGON PRBE 2
18S/ BE-25DCD

HOLE NAME: N FORK
DATE MEASURED: S-/17/80

DEPTH TEMPERATURE GEQTHERMAL, GRADIENT
FEET DEG C DEG F DEG C/KM DEG Fr10@ FT
387.0 15.360 59.65 195.0 5.8
393.6 15.550 59.99 95.9 5.2
400.2 15.7290 60.42 120.09 6.6
406.7 5.980 60.76 95.9 5.2
413.3 16.190 61.14 105.0 5.8
419.8 16.350 61.43 8.0 4.4
426. 4 16.520 61.74 B5.0 4.7
433.0 16.700 62.06 90.0 4.9
439.5 16.6860 62.38 0.0 4.9
446.1 17.959 62.69 85.0 4.7
452.6 17.220 85.0 4.7
459.2 17.410 63.34 95.0 5.2
465.8 17.600 63.68 SE.0 5.2
472.3 17.750 75.0 4.1
478.9 17.910 64.24 g8e.0 4.4
485.4 18.070 64.53 80.0 4.4
492.0 18.190 64.74 60.0 3.3
488.6 18.510 65.32 160.0 8.8
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LOCATION: ROSERIRE AMS, OFEGDN
2057 FE-Z6DA

HOLE MLUMBEE: CS-14.

DATE MEASURED: 9/2875

DEFTH DEFTH TEMFERATURE GEOTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/EM DEG Fr1e2 FT

20.0 6.6 3. 020 48.24 Q.0 0.0
30.0 9. 4 g.110 48, 40 a.6 0.5
29.0 131.2 3. 400 48,92 230 1.6
45.0 147.6 3.510 49,12 22.0 1.2
0.0 164, 9,570 43,23 12.0 2.7
5.0 190, 4 3. 680 49,42 350 f.2
£0.0 196.8 3.a1e 43,66 265.0 1.4
£S. 9 213.2 3,940 43 &3 26.0 1.4
70.0 225.6 13,330 S0.14 28.0 1.5
75.0 54€.0 10,250 EQ, 4 34.0 1.9
83,0 262 4 10. 520 0.7 36.0 5.0
25.0 2788 10,620 1. 2.0 2.1
20.0 Zac. 3 : 51 36.0 2.0
25.0 311.5 =1, 2.0 1.5
120,60 258 & 2. 2.0 B
105, 0 242, 4 = 2.0 2.1
1ie.¢ 250,82 £3 46.5 2.5
115.0 2.3 &3 4%.0 2.6
120.0 393.6 &y 46,0 a e
125, 6 2109 53 35,0 3.1
120.9 42E.. 4 A, 5.0 5.5
135.0 3 4. 40.0 & =
140.0 2 o B z.3
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LOCATION' ROSEBURG AMS, OREGON
205/ 4E-27DDD

HOLE NAME:  WALL CRK

DATE MEASURED! 9S-17/80

DEPTH DEPTH TEMPERATURE (SEQTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM DEG F-/lee FT
8.9 26.2 8.980 48.16 9.0 2.9
10.0 32.8 B.800 47.84 -90.0 -4.9
12.@ 39.4 B8.849 47.91 20.0 1.1
14.0 45.9 B8.880 47.98 20.9 1.1
i6.@ 52.5 B8.930 48.07 25.0 1.4
i8.0 53.0 2.020 48.24 45.0 2.5
20.9 5.6 92.160@ 48.49 70.9 3.8
22,0 72.2 9.330 48.79 85.0 4,7
24.0 78.7 9. 420 48.56 45.0 2.5
26.9 85.3 9.659 49,37 115.9 6.3
28.90 91.8 9.690 49,44 20.0 1.1
30.9 9B8.4 9.740 49.53 25.0 1.4
32.0 105.9 10.070 50.13 165.0 9.1
34.0 111.5 19.290 50.52 i119.0 6.9
36.@ 118.1 10.490 S0.88 109.0 5.5
38.0 124.6 10.700 51.26 105.0 5.8
40.0 131.2 11.020 51.84 160.0 8.8
42.9 137.8 11.149 52.05 69.0 3.3
44,0 144.3 11.180 52.12 20.0 1.1
46,0 150.9 11.280 52 50.9 2t
4B8.0 157.4 11.400 52.52 60.0 3.3
50.0 i64.@ 11.530 52.75 65.0 3.6
52.9 170.6 11.660Q 52.99 €5.9 3.6
54.0 177.1 11.790 53.22 65.0 3.6
56.0 183.7 11.919 53.44 69.0 3.3
58.0 190.2 12.049 53.67 €5.0 3.6
69.9 196.8 12.169 53.83 60.9 3.3
62.0 203.4 12.250 54,05 45.0 2.8
64.0 203 12.300 54.14 25.0 1.4
66.0 216.5 12.510 54,52 105.9 5.8
68.09 223.0 12.760 54.97 125.9 6.9
70.0 229.6 12.910 55.24 75.0 4.1
72.9 236.2 13.070 55.53 B80.0 4.4
4.0 242.7 13.199 55.74 60.0 3.3
76.0 249.3 13.330 .99 70.0 3.8
78.9 255.8 13.470 56.25 70.0 3.8
B80.9 262.4 13.610 56.50 70.0 3.8
82.0 269.0 13.769 56.77 75.0 4.1
84.0 275.5 13.909 57.02 70.0 3.8
g86.9 282.1 14.05@ 57.29 75.0 4.1
8.0 14,200 57.56 75.0 4.1
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LOCATION! RDEE%%R% ggs. OREGON PAGE 2
HOLE NAME:  WALL CRK
DQTE MEASURED: S9/17/80

DEPTH TEMPERATURE GEQTHERMAL BRADIENT
FEET DEG C DEG F DEG C/KM DEG F/100 FT
295.2 14,360 57.85 0.0 4.4
301.8 14.51@ 58.12 75.0 4.1
3e8.3 14.650 58.37 70.0 3.8
314.9 14.790 58.62 70.0 3.8
321.4 14.94¢ 58.89 75.0 4.1
328.0 15.080 53.14 70.9 3.8
334.6 15.230 59.41 75.0 4.1
341.1 15.37@ 59.67 70.9 3.8
347.7 15.520 59.94 75.0 4.1
354.2 15.6680 60.22 B80.0 4.4
360.8 15.830 60.49 75.0 4.1
367.4 15.970 60.75 70.0 3.8
373.9 16.120 61.02 75.0 4.1
380.5 16.280 61.30 80.0 4.4
387.0@ 16.430 61.57 75.0 4.1
393.6 16.570 61.83 %] 2.8
400.2 16.720 62.10 75.0 4.1
406.7 16.860 62.35 72.9 3.8
413.3 17.020 62.64 B0©.0 4.4
419.8 17.1599 62.94 B85.0 4.7
426.4 17.330 63.19 70.0 3.8
433.@ 17.510 63.52 0.0 4,9
433.5 17.650 63.77 70.0 3.8
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LOCATION: RISERURG AMS, ORESON
205~ JE-26CD

HOL.E NUMEEF: RE-W

DATE MEASURED: 8- 8,77

DEFTH DEFTH TEMPERATURE GEQTHERMAL EEADIENT
METERS FEET DEG C DEG F DEG CrKM DEG F/100 FT

16.a810 Q.Q Q.Q

£S.@ 9 <
TR0 12, 050 12.0 A
75.0 16, 160 2e¢.9 1.1
20, 10,270 ac ]t
/5.9 10, ¢ el oL
90,0 J 14 28,0 Pk
25, Q = 19 5.0 2.0
122,08 o 11.¢ 6.9 Ay
165,09 Lt 1edew 35,9 c.0
1i9.0 i = 11 Z4.0 L%
115,48 e il 3,0 =
120.¢ (=) o s 20, b P
1e5.4 [ e Z0.0 T
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LOCATION: RIOSERUFG AMS, OREGON
2057 JE-ZeD

HOLE NUMBER: @E-LLI

DATE MEASURED: 8-12775

DEPTH DEFTH TEMFEPATLIEE GECTHERMAL BEADIENT

METEFS FEET DES C DEG F DEG CAiM DEG Fr10e FT
1.9 2.8 8.479 47, 85 Q.2 Q0.9
20,0 63 2,752 47.75 28.0 15
20,0 £.4 9.210 48. 22 25.0 1.4
40.0 1.2 2.340 42,81 J3.2 1.5
0.0 2. © 2.520 43.24 24,0 a3
52,0 8= 9. 750 49, €2 21.@ 1.&
BE. Q 3.2 9. 941 49, 83 20.0 1.6
Te.@ Sh B 10,050 5@.11 24.@ L.&
=re .0 12, 162 50, &9 2.0 i ¢
20,0 .4 12,250 50, S0 24,0 1.3
=5, .2 i S0, 56 40,0 S

& 10.¢ SLi&2 40,4 e

B ier 51.58 49,2 22

Q 11 51 .50 5.9 =i

= 4 11 52,29 42,0 23
o, o Lk, Sa.E7 J2.8 15
S 2 13 .4 5E. 53 40,0 e
120, e 11 3. 20 Q.9 1.6
125.0 41¢, 4 11, 3,38 oD, 0 s S
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LOCATICN® ROSEBURG AMS. OREGON
215/ BSE-16RCD

HOLE NAME:  BLCK CRK

DATE MEASURED: 9S/16/80

DEPTH DEPTH TEMPERATURE GEGTHERHQL GRADIENT

METERS FEET DEG C DEG F DEG C DEG Frie9 FT
42.0 137.8 7.890 46.20 .09 2.9
44,0 144.3 7.490 45, 48 ~200.0 -11.9
46.9 152.,9 7.510 45.52 10.0 e.5
48.0 157.4 7.530 45,55 1i2.0 0.5
59.0 164.0 7.560 45.61 15.0 2.8
£2.0 179.6 7.580 45.64 19.0 0.5
£4.0 177.1 7.600 45.68 10.0 0.5
56.0 183.7 7.630 45.73 15.0 0.8
£8.9 190.2 7.650 45.77 19.9 0.5
€2.0 196.9 7.650 45.77 Q.0 2.0
62.0 203.4 7.660 45,73 5.0 9.3
64.0 203.9 7.660Q 9.0 Q.0
66.0 216.5 7.67@ 45.81 5.0 2.3
68.2 £23.0 7.680 45.682 5.0 2.3
70.9 223.6 7.690 45.84 5.9 9.3
72.0 2362 7.700 45.86 5.0 9.3
74.9 c42.? 7.710 45.88 5.0 2.3
76.9 249.3 7.710 45,88 Q0.0 2.0
78.0 255.8 7.720 45,90 5.0 e.3
£0.0 c62. 4 7.750 45.95 i5.0 9.8
82.9 263.0 7.7680 46.00 i5.0 9.8
84.92 275.5 7.810 46,06 15.90 0.8
86.0 282.1 7.830 46.09 19.0© 0.5
88.0 2e8.6 7.830 46.09 0.@ 9.9
92.0 295.2 7.849 46.11 5.0 8.3
g92.0 391.8 7.890 46.20 25.0 1.4
94. 308.3 7.900 46.22 5.0 9.3
96.0 314.9 7.880 46.18 -19.0 -0.5
98.0 321.4 7.930 46.27 25.0 1.4
1v9.0 328.09 7.940 46.29 5.0 9.3
1e2.0 334.6 7.909 46.22 ~20.0 il
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125.9

LOCATION® ROSEBURG RAMS,
21S/ 3E-17DA

HOLE NAME: OAKR CW6
DATE MEASURED: 2,/21/79
DEPTH TEMPERATURE
FEET DEG C DEG F
16.4 12.250 54.05
32.8 12.280 54.10
48.¢2 12.860 55.15
65.6 13.010 55.42
g2.0 13.110 55.60
8.4 13.380 £6.08
114.8 13.550 £6.39
131.2 13.730 56.71
147.6 13.500 57.02
164.0 14.169 57.49
180.4 14. 4492 57.99
196.8 14.760 58.57
213.2 14,920 58.86
229.6 15,160 £9.29
246.90 15.509 59.90
e62.4 15.780 60.40
278.8 15.87@ 60.57
295.2 15.990 6@.78
311.6 16.100 60.98
328.0 16.210 61.18
344.4 16.930 62.47
344.4 16.930 62.47
360.8 17.120 62.82
377.2 17.380 63.28
393.6 17.620 63.72
410.0 17.710 63.88
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ROSEBURE AMS
LOCATION: HILLS CREEK DAM, 9REGHN
215/ 3E=25133

HOLE NUMIER: Dr=Z=3
JATE MEASURED! 11/25/75

DERTH DEPTH TEMPERATURE GZBTHERMAL GRADIZINT
METERS  FEET  DEG L  DEGF JEG C/KM DEG F/100 FT
S50 16+4 130452 56428 ) 3
1040 32.8 11450 520568 e43000 «22¢Q
1540 4942 11273 S2e29 w4400 2k
200 655 11200 5216 1400 -8
2540 820 11359 51¢89 «32¢0 15§
3540 98k 100893 51060 =320 =1¢8
3540 11448 1C4¢740 5133 =300 =15
400 131.2 101610 51«10 =250 wleh
4540 1476 iCe482 5086 =26+0 =led
S0«Q 1640 13422 50786 =120 ~e7
5540 18C ek 124372 5057 =.0+0 -
500 136.8 10+34) 5061 =40 -e3
650 2132 12373 50467 £ *3
7040 2296 15330 SCe70 40 o2
7540 ZhteD 10+432 50077 KeD vh
7540 2591 100452 5081 5¢0 v3

57
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LOCATION: ROSEBURG AMSs OREGON
2257 3E-10CD

HOLE NAME' __ PCCPG-WW

DATE MEASURED:! 6/28/78
DEPTH TEMPERATURE
FEET DEG C DEG F
65.6 11.140 52.05
82.0 11.410 53.54
98. 4 11.540 52.77
114.8 11.710 53.08
131.2 11.830 53. 40
147.6 .040 53.67
164.0 12.190 53.94
180. 4 12.520 54.54
196.8 12.670 54.81
213.2 12.870 5.1
229.6 13.060 55.51
246.0 13.280 55.90
262.4 13.490 56.28
278.8 13.690 56.64
295.2 13.89 57.00
301.8 13.980 57.16
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~BLE NUMGERS

228/ 3E/263C

CR=MCHE N

SATE MEASUREDS  9r/2S/748
DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT
_ “FTERS FEET DEG C DEG £ _DFfa C/KM  DEG F/100 FT
R, (.0 & 1 2.8 Ke3b7 4701 0 . 2
150 49.2 8560 47 ek} t4a 2ok
200 6596 §¢630 4753 140 *8
n s e 2520 B2el Be770 4779 280 — 15
350 98 4 8+960 4813 380 2ol
3540 1148 9150 4847 380 2e1
40ed .. A31e2 . Qes10 4894 320 28
4540 14746 9730 49451 6440 3¢5
500 1648 9990 49438 3240 2e9
.............. 5519 1824 10112 5020 240 13
600 196+8 100410 5074 600 33
£5«0 213.2 10673 51.21 32+0 23
SRR ¢X. 3 S 229.¢ 100963 51473 380 3.2 e
750 24640 11233 5221 S4e0 3¢0
800 2624 114690 52+63 40 2¢5
#8540 2788 11750 3315 S8e0 3e?
S0 C 29%.2 12022 5364 S40 3¢9
350 3116 12+342 54421 5440 33
_______ N 2 .1 (S 3280 12620 2472 360 3e1
12540 Stbek 13070 5553 30«0 49
1100 34C.8 13180 5572 22+0 le2
SOTETPOR I\ 1« SO - . i . NOPORPE (| | v NI . . 1 [N, . ) - SRR | -\ U
1200 293.6 13740 56473 260 3¢}
129+0 41U«0 14043 5727 &£C00 33
120 _ PB4 1 8ePY] 5763 cokne o PP
13540 44248 14572 58423 660 366
14C+Q 459.2 144783 58460 4240 23
o A65e0 L 470s6 15040 3927 D200 .29 _ _
1300 4323 15320 5938 36«0 3]
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LOCATIDON' ROSEBURG AMS, OREGON
238/ SE- BDAA :

HOLE NAME:  PNTQ CRK
DATE MEASURED: 9/ 9/80
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DEPTH

METERS
116.0
118.@

LOCATION' ROSEBURG AMS, OREGON

23S/ SE- BDAAR

HOLE NAME: PNTQ CRK
DATE MEASURED: 9/ 9,80

DEFTH TEMPERARTURE
FEET DEG C DEG F
380.5 13.3%0 56.10
387.0 13.520 56.34
393.6 13.610 56.50
400.2 13.770 56.79
406.7 13.8%90 57.00
413.3 14,000 57.20
419.8 14,110 57.40
426.4 14,200 57.56
433.9 14,350 57.83
433.5 14.450 58.01
446.1 14.640 58.35
452.6 14,790 58.62
459.2 14.910 58.84
465.8 15.150 59.27
472.3 15.310 59.56
478.9 15.490@ 59.88
485.4 15.650 60.17
492.0 15.790 60.42
488.6 15.900 60.62

PAGE 2

GEQOTHERMAL GRADIENT
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wao

WWARSDWANNANWWEAN
CDLLDANWFNAIPNEOWANIOYUI



50

100

p—
o~

TEMPERATURE, DEG C

6 8 10 12 14
T l T | ! | I | ]

- PNTO CRK |
a @ 235/ SE- 8DARA -
B 9/79/80 i
. W b
L EGG _
— EE =
= a

E —

G
s 3 i
d
» €] |
3
E]
= ] =
a
g E | _
5 = N
— |-':"IEI[:a =
= £ -
E]
a

- EIE =
» B o a
i % .
. = -
s I, R
g % !
" ) I ! ! I ! l ! q




	O-80-03map
	O-80-03
	O-80-3-1.pdf
	O-80-3-2.pdf
	O-80-3-3.pdf
	O-80-3-4.pdf
	O-80-3-5.pdf
	O-80-3-6.pdf
	O-80-3-7.pdf
	O-80-3-8.pdf
	O-80-3-9.pdf
	O-80-3-10.pdf
	O-80-3-11.pdf
	O-80-3-12.pdf
	O-80-3-13.pdf
	O-80-3-14.pdf
	O-80-3-15.pdf
	O-80-3-16.pdf
	O-80-3-17.pdf
	O-80-3-18.pdf
	O-80-3-19.pdf
	O-80-3-20.pdf
	O-80-3-21.pdf
	O-80-3-22.pdf
	O-80-3-23.pdf
	O-80-3-24.pdf
	O-80-3-25.pdf
	O-80-3-26.pdf
	O-80-3-27.pdf
	O-80-3-28.pdf
	O-80-3-29.pdf
	O-80-3-30.pdf
	O-80-3-31.pdf
	O-80-3-32.pdf
	O-80-3-33.pdf
	O-80-3-34.pdf
	O-80-3-35.pdf
	O-80-3-36.pdf
	O-80-3-37.pdf
	O-80-3-38.pdf
	O-80-3-39.pdf
	O-80-3-40.pdf
	O-80-3-41.pdf
	O-80-3-42.pdf
	O-80-3-43.pdf
	O-80-3-44.pdf
	O-80-3-45.pdf
	O-80-3-46.pdf
	O-80-3-47.pdf
	O-80-3-48.pdf
	O-80-3-49.pdf
	O-80-3-50.pdf
	O-80-3-51.pdf
	O-80-3-52.pdf
	O-80-3-53.pdf
	O-80-3-54.pdf
	O-80-3-55.pdf
	O-80-3-56.pdf
	O-80-3-57.pdf
	O-80-3-58.pdf
	O-80-3-59.pdf
	O-80-3-60.pdf
	O-80-3-61.pdf
	O-80-3-62.pdf
	O-80-3-63.pdf
	O-80-3-64.pdf
	O-80-3-65.pdf
	O-80-3-66.pdf
	O-80-3-67.pdf
	O-80-3-68.pdf
	O-80-3-69.pdf


