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INTRODUCTION 

The W i l l  amette Pass area i s  located i n  the central Hestern Cascade Range of 

Oregon approximately 80 km (50 m i )  east of  Eugene, Oregon, up the W i  1 lamette R i v e r  

drainage (F igure 1 ) . L i m i t s  o f  the study area were arbitrarily assigned t o  U.S.  

Geological Survey (USGS) topographic map boundaries and to  natural  breaks i n  the  

geology and topography ( P l a t e  I ) .  This study, performed under U.S. Department of  

Energy (USDOE) Contract No. DE FC07-79ET27220 and Oregon Department o f  Energy 

Contract No. 1-003-33, was undertaken t a  es t i rna te  the geothermal p o t e n t i a l  o f  

the area, using various methods including compi la t ion of ex is t ing  data ,  reconnais- 

sance geologi c mapping, 1 i neament analysis  , we1 1 and spring geocherni s try, and 

accrual o f  geothermal-gradient data. 

Geographically, the study area i s  loca ted  i n  the rugged mountains immediately 

east o f  Oakridge, Oregon, which i s  located a t  the western edge of  t he  map. 

Drainage i n  the area i s  through two forks o f  the Willamette River, Salmon Creek, 

and Sal t Creek, from t he  eas t  towards the west v i a  deep, V-s haped canyons. 
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F igure 1: Map showing loca t ion  o f  study area. 



In t roduct ion  

She Mil 1 amette Pass area encompasses parts of both the Western Cascades and 

High Cascades geol ogi c provinces (F igure  3 ) . The area i s  dominated i n  the  

western p a r t  by 01 der Western Cascades 01 i gocene tu f f  aceous rocks and Miocene 

lavas (Plate 1 ) and i n  the eas te rn  part by High Cascade 1 avas af Quaternary and 

1 a l x s  t Tertiary age and P l  iocene 1 avas. Hi  gh-angle normal faul ts c u t  the area 

i n  numerous places,  following c h i e f l y  north and northwest trends; a major north- 

west- t rend i  rig 1 i neamen t, t h e  Eugene-Denio 1 i neament, crosses t he  area (Lawrence, 

3 976). A 1  t e r a t i o n  zones and 1 ocal Miocene vol can1 c centers near these f a u l  ts 

and 1 i neaments have obscured impor tant  re1 a t ions h ips  i n  the Western Cascades 

province.  I t  was found dur ing t h i s  study t h a t  the geology and structure o f  the 

W i  1 lamette Pass area were generally more complex t o  i n t e rp re t  than those o f  the 

Be1 knap-Foley area t o  the north .  

Table 1 .  Radiometric ( K / A r )  ages f o r  selected rocks of the Willamette Pass area 

Sampleno.* Location Rock type A g e ( m . ~ . )  S t r a t i g r a p h i c u n i t  

OM- 5 1 22:20' 09" Daci te 21.3t1.0 - Tms 
43 34'15" 

OM-520 122~22~15" Rhyolite 17.3+0.7 - Tms 
43 4 8 ' 4 5 "  

*OM - analyzed f o r  t h i s  repor t  by U n i v e r s i t y  o f  Utah Research I n s t i t u t e  (UURI ) ,  
Stanley Evans and Duncan FoF ey , analysts . 



Vof canjc stratigraphy 

The geologic h i  story o f  the W i l  lamette Pass area resembles the h i s  tory o f  

t h e  Bel knap-Fol ey area to  a remarkable degree, Volcanism i n  both areas changed 

from s i l i c i c  p y r o c l a s t i c  a c t i v i t y  i n  the Oligocene to  e rupt ion  o f  greater  quanti- 

t i e s  o f  lavas o f  increasingly more mafic composition from Miocene t o  Quaternary 

t imes. One major d i f f e r e n c e  between t he  erupt ive history o f  the two areas is 

the extrusion o f  sanidine-phyric rhyo l i t i c  t o  d a c i t i c  lavas and t u f f s  ( u n i t  Dm, 

P l a t e  1) i n  the Willamette Pass area dur ing the early Miocene. No po tass ic  sanidine- 

beari ng uni t s  are known i n  the Be1 knap-Fol ey area. 

Daci t i c  t o  rhyodaci t i c  'Eaharic t u f f s  and ash-flow t u f f s  (e.g., P-2 i n  Table 

2) and m i  nor  basal t i c  l avas e r u p t e d  i n  the 01 i gocene over the  e n t i  re Western Cascade 

region ( u n i t  You, Plate 1 ) .  No r e l i a b l e  rad iomet r ic  dates are  avai lable  for these 

t u f f s ,  b u t  over ly ing  lavas  have been dated a t  2 2 3  m.y., near lookout  P o i n t ,  nor th  

o f  the study area (unpublished K / A r  data by U n i v e r s i t y  o f  Utah Research I n s t i t u t e  

(UURI ) , Stan1 ey Evans and Duncan Foley , analysts).  These eruptions were f o1  1 owed 

by a period o f  erosion that  produced a steep topography which was f i l  led i n  by 

repeated erupt ions o f  lavas and subordinate t u f f s  during the Miocene. A d i s t i n c t i v e  

series o f  short flows and ash flows o f  sanidine-bearing rhyolitic rocks lies a t  

the base o f  the Miocene sec t i on  ( u n i t  fis, P l a t e  I ) .  These r h y o l i t i c  rocks are n o t  

present nor th  o f  the area and a r e  o v e r l a i n  by a t h i c k  stack of Miocene l avas  o f  

intermediate t o  mafic composition ( u n i t  f iv ,  P l a t e  I ) .  Numerous p lug  domes o f  

units 2 ~ n s  and m, inc luding some d i o r i t i c  in t rus ions  ( u n i t  M, P l a t e  I ) ,  mark old 

volcanic centers throughout the area. The Fa1 7 Creek mining d i s t r i c t  on the 

northern margin of t h e  area has a high concentration o f  these i n t r u s i v e  bodies. 

U n i t  ms has been dated a t  21.3+1.0 - m.y. and 18.79.9 m.y., whereas a b a s a l t i c  

l a v a  o f  u n i t  !#nu was 17.320.7 m.y. o l d  (Table 1 ; unpublished K/Ar data  by UURI , 

Evans and Foley, analysts) .  



Ta b l  e 2. Hul k chemical compos i ti on of sel ected rocks o f  W i 1 1 amette 
Pass area. (Letters a t  t o p  of each column indicate sample number and 
map symbol for stratigraphic u n i t .  A l l  values are i n  weight percent.) 

Compo- 
nent 

*P-1 
Tms 

p-2 
Tov 

S i O p  

T i O p  

2'3 

Fe203 

FeO 

MnO 

MgO 

CaO 

Na pO 

K2° 

Pz05 

"zO 
C02 

Total  

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



Aside from some minor epic1 a s t i c  sediments, the l a t e  Miocene t o  Quaternary 

section i s  completely dominated by m a f i c  lavas. Late Miocene to  early P I  iocene 

quartz- and hypers thene-beari ng daci t e s  ( u n i t  Zpd, PI  a te  I ) are volume tri cal  l y  

subordinate to overlying P I  iocene basal t i c  to basal ti c-andesi t i c  l avas ( u n i t  @ v )  

These d i s t i n c t i v e  P I  i ocene l avas generally have d i  ktytaxi  t i c  textures and pheno- 

crysts o f  relatjvely fresh or moderately idd ings i t ined  olivine. U n i t  l"pv rocks 

are l i tho1 ogi cal ly s i m i  1 ar  to PI iacene-Pl eistocene basal t i c  flows of the Basal ts 

o f  High Prairie (informal name), shown as u n i t  & a h  on Plate 1. The Basal ts o f  

High P ra i  ri e are, however, obviously i n  tracanyon into the P l  iocene 1 avas along 

the North Fork o f  the Middle Fork o f  the Willamette R i v e r  (Plate 1) .  The 

Pl iocene and Pleistocene basal tic 1 avas appear to thicken toward the! r source 

in t h e  High Cascades, to  the east. 

Structural geology 

Mapped faults i n  t he  W i l  lamette Pass area are generally high-angle normal 

f a u l  ts w i t h  northwesterly trends, a1 though eas t-wes t- , northeasterly- and north- 

trending f a u l t s  are a1 so common locally (e.g., a t  Huckleberry Mountain and Squaw 

Butte, P I  a t e  I ) .  These general j zat ions a1 so apply to the lineament map (Figure 2) ; 

a major ~ . 5 5 ~ ~ . - t r e n d i n ~  lineament appears on the lineament map following Kitson 

Ridge and Lookout P o i n t  Reservoir  (Figure 2). T h i s  lineament, which has not, 

however, been proven to be a f a u l t  (Plate I )  i s  the Eugene-Denio lineament, 

considered by Lawrence ( 1  976) to possibly be the  resul t o f  ri ght-1 ateral obl i que- 

sl i p faul t i  ng. Hydrothermal a? t e r a t i o n  i s  anamal ously in tense i n  Pliocene and 

ol der rocks along the Eugene- Denio 1 ineament, a7 though such a1 te ra t ion  i s  a l s o  

present along other  1 ineaments and mapped faults, as well. I n  any case, none o f  

t h i s  a1 terat ion affects P l  iocene capping 1 avas along the 1 i neament. Only faul ts 

trending nearly north-south to N .  30'~. and rare east-wes t faul t s  appear to  c u t  the 

Pliocene capping lavas (e .g . ,  a t  Huckleberry Mountain, Pla te  I ) .  I t  may be t h a t  
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f au l t s  subparall el t o  the Eugene-Denio 1 ineament were a c t i v e  p r i o r  t o  north-south- 

and east-west- trending faul ts and p r i o r  t o  the  PI iocene. 

Morth-south-trending f a u l t s  in the  W j  1 lamette  Pass may be cogeneti c w i t h  

s i m i  l ar north-south-trendi ng normal faul  ts i n  the Be1 knap-Fol ey Hat Springs area 

t o  the north. The Belknap-Foley area has two major north-south-trending f a u l  t 

zones which appear to cont ro l  the d is t r ibut ion of h o t  springs. The most prominent 

f a u l  t zone i n  the Be1 knap-Fol ey area i s  the western margin o f  t h e  H igh  Cascades 

graben (Allen, 1966). Delineation o f  the High Cascades graben i n  the Wi l lamette  

Pass area i s ,  however, n o t  possible ,  because the study area does n o t  q u i t e  over1 ap 

what i s  probably the western topographic scarp o f  the graben. The topographic 

margin appears to be approximately at the east sides o f  Moalack and Wa1 do Mountains 

(Figure 2) . 

Re7 a t i  ons h i  p of  structure t o  the  geothermal sys terns 

A1 l o f  the thermal springs i n  the  Mil lamette Pass area a r e  i n  topographic 

lows w i t h i n  the 01 igocene volcanic sequence (Plate I). A1 1 of the thermal springs 

are a l s o  on or near major lineaments o r  mapped f a u l t s .  Kitson Hot Springs i s  

1 ocated on the Eugene-Denio 1 ineament where eas t-west- and northeast-  t r e n d i n g  

1 i neaments intersect (F igure  2 ) .  A major north- trending 1 i neament passes by 

McCredie Hot Springs, and mapped faul t s  trending wes t-northwest and northeast  

i ntersect a t  the Wall Creek warm springs ( P l a t e  I ) .  

It may be t h a t  some degree o f  f racture permeabi I i ty i s  essential  for passage 

o f  geothermal water. The bedrock host f a r  t he  hat  springs i n  every case i s  

re1 a t i  vely h i  ghly a1 tered 07 i gocene volcanic rock. The a1 tered rocks general ly 

have low permeabi l i ty,  as demonstrated by past experience w i t h  we l ls  i n  the  area. 

Enhancement o f  permeabi l i t y  by pervasive fracturing may be necessary to create 

geothermal aqui fers  i n  t h i s  area. 
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gradient coincident w i t h  the Hills Creek Reservoi~F1a.t Creek f a u l t  zone and the 

l o c a t i o n  of local thermal springs and wells. Pitts (1979) and Couch (7980) 

i n t e r p r e t  t h i s  anomaly to represent e i  ther a 1 arge graben-boundi ng fau l  t zone 

wi th  east  side down, an area o f  shallow s i l i c i c  in t rus ives ,  or a possible com- 

binat ion  of both .  Detai led geologic mapping and possiblydeep drilling i s  needed 

to  further refine geologic modeling based on the geophysical studies i n  t h i s  

report. 



WATER CHEMISTRY 

During the period o f  t h i s  study, e i g h t  springs,  wells, and geothermal-gradient 

ho1 es were sampled and their waters analyzed. Together w i t h  pub1 i s  hed analyses 

(Mariner and others, 1974; Mariner and others, 1980), a to ta l  o f  eighteen analyses 

were avai Iable for evaluation (Tab l  e 3). The analyses were then  used t o  calculate 

m i n i m u m  reservoi r temperatures (Tabl e 41, using standard formulae f o r  geothermo- 

metry which are i ncl  uded, together  w i  t h  references, as Appendix A. Prel i m i  nary 

eval u a t i a n  o f  available data  indicates t h a t  the thermal waters can be best  described 

as a neut ra l  t o  mildly a1 kal i ne, sal ine,  carbonate water generally diagnostic o f  

a hot-water-dominated sys tern a t  depth. Cal cul ated reservoi r temperatures i ~ d i  cate 

subsurface temperatures are i n  the moderate range ( 8 0 - 1 2 0 ~ ~ ) ,  which i s  typical  o f  

other areas in the Cascades. Geochemical and geologic  controls of  the geothermal 

system are not obvious ; however, a pattern o f  i ncreasi ng i o n  concentrations i s  

seen from north  t o  south (i . e . ,  from Wall Creek Springs, t o  McCredie Spr ings ,  to 

Kitson Springs and Saline Well). Ion ic  concentration increases are apparent i n  

total  dissolved s o l i d s ,  sodium, potassium, calcium, ammonia, and choloride. No 

expl ana ti on i s apparent from prel imi nary exarni nation o f  the analyses ; however, 

th i s  increase may indicate a larger contr ibut ion t o  the thermal waters from connate 

water trapped i n  Eocene sediments found a t  dep th .  This depth t o  sediments may 

be re la t ively more shallow than i n  the northern parts of the Cascades, which may 

be the reason for the relatively high abundance o f  s a l t  springs and "soda" springs 

found i n  the southern Cascades. Any further geochemical model i ng i s  dependent 

an the col I ection and analys is ,  including gas and isotopic studies , o f  samples from 

more springs and wells. 



Table 3 .  Spring and we17 chemistry of t h e  Willamette Pass area. All measure- 
ments are i n  mgJ1, except for pH or as indicated,  nt = n o t  tested; tr = t race.  

McCred i e 
Springs #I 

McCred i e 
Springs # I  

McCedi e 
Springs #3 

McCred i e 
Springs #2 

Wall Creek 
Springs - 

Locat ion 

Date sampled 
Temp. ('c) 

Conductance 
~lmhos/cm 

Hardness 
as mg/l CaC03 

To ta l  dissolved 
sol ids 

Si02 

Na 

K 

Fe { t o t a l )  
A1 

HC03 



Table 3. Spring and we1 1 chemistry o f  the Wil larnette Pass area--Continued . 
A1 1 measurements are in mg/l , except for pH or  as indicated. nt = n o t  tested; 
tr  = trace. 

Wall Creek 
Springs 

Ki tson K i  tson K i  tson 
Springs Springs Spr i ngs 

K i  tson 
Brine we11 

Location 
Date sampled 

Temp. ('c) 

Conductance 
vrnRos/cm 
A1 kal i n i  ty 
Xh as mg/l HC03 
Xc as mg/l CaC03 

Hardness 
as mg / I  CaC03 

T o t a l  d i  ssel ved 
sol ids 
Si02 

Na 

Fe ( t o t a l  ) 

A1 
HCQ3 

P03 



Table 3. Spr ing  and we17 chemistry o f  the Willamette Pass area--Continued . 
A71 measurements are in mg/1, except for pH or as indicated. nt = not tested; 
tr = trace. 

Hil ls  Creek 
Drill hole 

90 ft-410 f t  

Oakridge # I  
Drill hole 

670 f t  
Ki tson 

Brine we1 7 
Sal t 

Sprf ng 

Location 

Date sampled 

Temp. (OC) 

Conductance 
umhos/cm 

.A1 kal in i ty  
Xh as mg/l HC03 
Xc as mg/l CaC03 

Hardness 
as m g / l  CaC03 

Total d i  ssol ved 
sol ids 

Fe ( to ta l  ) 



Table 3. Spring and well chemistry of the Willamette Pass area--Continued. 
A1 I measurements are i n  mg/f , except for pH o r  as indicated. nt = not  tested; 
tr = trace. 

Black Creek 
Dri 11 Hole 

Christy Creek 
Drill Vole 

Wall Creek 
Drill Hole 

Brock Creek 
Dri 1 1 Hole 

Loca ti on 

Date sampled 

Temp. ('c) 

Conductance 
prnhos/cm 

A1 kal i n i  ty 
Xh as mg/l HC03 

X, as m g l l  CaC03 

Hardness 
as mg/l CaC03 

Total  dissolved 
so 1 i ds 

S i  O2 

Na 

K 

Ca 

Mg 
C1 

As 

B 

L i  

F 

Fe ( t o t a l )  

A1 

HC03 

P04 

*Resul t s  may reflect a loss o f  S i O a  due to  sampling technique and delayed 
di  1 teri ng o f  sample. 18 



Tab1 e 4. Geothermetri c cal cul a t i  ons* of  minimum reservoir temperatures for 
selected thermal waters o f  the  W i  1 1 amette Pass area 

Ki t s o n  Ki tson K i  tson McCredi e McCredie McCredi e 
S p r i  ngs Spri ngs Spri ngs Springs Springs Springs #3 

#1 #1 

Flow rate 66 50 50 50 50 76 
1 i ters/min. 

Measured 44.4 43 44 73 71 66 
temperature 

"c 

Na: K 82 77 81 88 104 103 

Oc 

Wa: K: Ca 83 81 83 81 86 86 
4J3 B 
" c 
Na: K:Ca NC 71 NC 74 84 NC 
Mg corrected 
O c  

S i  O2 99 97 99 124 11 5 11 3 

conductive 

Oc 

Si02 100 98 99 122 114 112 

adiabat ic  

SiOe 69 67 69 96 86 84 

chal cedony 

OC 

Si02 -16 -18 -16 6 - 3 1 

opal 
O c  

*Methodology for calculations Ijresented i n  Appendix A.  NC = n o t  calculated.  



Tab1 e 4. Geothemetri c calculations* of minimum reservoir temperatures for 
sel ected thermal waters of the W i  11 amette Pass area -- Continued 

McCredi e Wall Salt Black Christy Wall Brock 
Springs #2 Creek Spring Creek D r i  11 Creek Creek 

S p r i n g s  Drill Hole Drill Drill 
Hole Hole Hole 

Flew rate 
1 i ter/rni n . 

2 13 pumped pumped pumped 

18 8.5 16.89 18.94 8.61 Meas ured 
temperature 
OC 

Na: K 

O c  

Na: K: Ca 
1J3 & 

O c  

Na: K:Ca 
4/3 8 
O c  

Na: K: Ca 
Mg corrected 

O c  

Si02 
conduc ti ve 

O c  

S i OZ 

ad iabat ic  

O c  

S i  O2 

chal cedony 
O c  

Si02 

opal 
O c  

*Methodology for calculations presented i n  Appendix A. NC = no t  calculated. 



GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA* 

The tempera tun-gradient  and hea t-f 'tow resul ts f ~ r  the W i  1 lamette Pass area 

are shown i n  Table 5. Included i n  the table a r e  the townshipJrange-section and 

l a t i tude  and longitude location o f  each hole f o r  which temperature data  are 

avai lable .  I n  addit ion, the hole name, date o f  Togging used, and c o l l a r  elevation 

are included f o r  each hole. The bottom h o l e  temperature, maximum depth, corrected 

temperature gradient, and, where ava i  1 able, corrected heat flow are printed in 

blue on P I  ate I.  These v a l  ues are a1 so 1 i s t e d  i n  the table ,  as are the depth 

interval and average thermal conduct iv i ty  used for  cal  cul a t ion  of the grad ien t  

and heat f l o w .  The values are given i n  $1 units.  To transform units, the 

2 following conversion fac tors  were used: 1 x 1 o - ~  cal/cm sec (HFU) = 41 .84 m~m-', 

-1 1 1 x 1 0 ' ~  cal/crn secOc (TCU) = 0.4184 Wrn K- , and 1°c/km = 1 rnKmh1 = 18.2 ' ~ / 1 0 0  

ft. Corrected gradient and corrected heat  flow are values for which the topographic 

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

The holes are ranked i n  terms o f  the qual i ty o f  the gradient or heat-flow 

information: high qua1 i t y  ( A ) ,  good qua1 i ty (B)  , marginal qual i ty (C) , data wi th  

some problems (Q), and data for which no useful temperature grad ient  or heat  flow 

can be' estimated ( X ) .  A11 thermal-conductivi ty measurements were made on cutting 

samples. Most o f  the holes shown on the table were drif led specifically for heat- 

flow studies, and so the  data quality i s  relatively high.  En general, holes drilled 

i n  the Western Cascade rocks g ive  linear gradients below near-surface e f f e c t s  t h a t  

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

such as 21S/5E-l6Acd, are o f ten  isothermal because o f  l a te ra l  f low o f  water i n  the 

porous young vol cani c rocks. 

*By D. D. Blackwell, Southern Methodist University, Dallas, Texas. 



Tab1 e 5. Geothermal -gradient  d a t a ,  Wi 1 1 ame t t e  Pass area,  Oregon 

Corr. B o t t o m  Depth Uncorr . Corr . 
N Lat.  w Long Hole # Collar Temp. Interval Avg. TC # Gradien t  Grad ien t  
Deg.Min. Deg.Min. D a t e  ELev. IOC) (m) W ~ - ' R + C  D ~ / k m  ~c/km --------------------------------------------------------. 

Twn/Rng- 
Sec t ion  

43-53.00 222-16.47 CHRS CRK 
7/Jl/EQ 

43-52.95 122- 4.11 N FORK 
7/31/80 

4348.01 122-24.95 CS-WW 
9/28/76 



Twn/Rng- 
Section 

Table 5 .  Geothermal-aradient data, Willarnette Pass area, Oreqon--Continued 

N L a t .  W Long Hole # Collar 
Deg.Min, Deg.Min, Date Elev. 

B o t t o m  Depth 
Temp. Interval 
("C) (ml 

Uncorr. Corr. Corr, 
Avg. TC # Gradient Gradien t  HF Q 
w~-'K-' TC *c/km ~c/km mwmm2 HF 



The d a t a  f a l l  i n t o  two groups: those e a s t  o f  the High Cascade-Western Cascade 

thermal boundary and those west o f  the boundary. West o f  the boundary, heat-flow 

values generally are below 55 m ~ r n - ~ ,  while east of the boundary they are generally 

above 100 m w m 2  (Blackwell and others, 1978). Typical gradients i n  the two areas 

are 25- 35Oc/km and 6 0 - 7 0 ~ ~ / k m ,  respecti vel y . 





5. A program o f  ten t o  f i  f teen 500- f t  gradi  entlslrati graphy holes , pl  aced 

a t  strategic loca t ions  -- to complete the evaluation o f  the Willamette 

Pass geothermal model, w i t h  emphasis t o  be on detailed heat - f l ow 

modeling o f  thermal spr ings nearest t o  the c i t y  o f  Oakridge. 

6 .  Six t o  e i g h t  2,000-ft gradient/stratigraphy holes -- to evaluate 
thermal anomal i es and directly test geothermal aquifers i n d i c a t e d  by 

r e s i s t i  vity traverses and the shal low heat-f low study, wi th emphasis 

to be on areas nearest the city o f  Oakridge. 
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APPENDIX 4 

Formulas used i n  calculations 

Na:K (revised): 

Na: K: Ca: 

121 7 
t 'C = log [Na/K) + 1.483 

- 273.15 (Fournier, 1979) 

1647 
t OC = 2.24 + F (T) 

- 273.15 (Fournier and Truesdell , 1973) , 

where F (T) = log (Na/K) + [ 8 log  ( G/N~J. 1, 
B = 1/3 i f  t> 1 0 o O ~ ,  and 4/3 if t c100'~, 

t0c = calculated reservoir temperature, 

and concentrat ions are expressed i n  molality. 

Magnes i urn co r rec t i on  r a t i o :  

(mi 1 1 iequi val ents Mg ) 
R = (milliequivalents Mg) + (milliequivalents Car + ( rn i l l i equ i va len t s  K )  X loo  

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

d t  = 10.66-(4.7415) ( R )  + C(325.87) (104 R ) ~ ]  - [ ( I  -032 X lo5)  ( l o g  R]'/T] - 
M9- 2 2 3 2 [ ( I  ,968 x lo7) ( log R )  /T 1 + r(1.605 x lo7)  ( log  R J  / T  1, 

where R = magnesi urn co r rec t i on  r a t i o  expressed i n  equivalents, 

d t  = the temperature correction t h a t  i s  subtracted f rom 
Mg 

t h e  Na:K:Ca 1 / 3  6 calculated temperature, 

T = Na:K:Ca 1/3 6 calculated temperature i n  OK. 

Or d t  can be obtained by using the graph cornpi led by Fournier and Potter ( I  9 7 9 ) .  
g 

Si02 temperature c a l c u l a t i o n s  (Fournier and Rowe, 1966) : 

S i 0 2  (conductive), 

S i02 (adiabat ic) ,  

1309 
t ' ~  = 5.19 + log ( S i O p )  - 273.15 

S i 0 2  (chal  cedony ), 1032 
t ' ~  = 4.69 + log (S i02 )  - 273.15 

Si02 ( o p a l ) ,  731 
t Q c  = 4.52 + log ( S i O p )  - 273.15, 

where S iO2  i s  expressed in mgJ1. 
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METERS 

TEMPERRTURE 
FEET DEG C DEE F 

l2ElTHERMAL GRFIDlEW 
C r K M  DEE F.400 FT 





LMXYTIDN1 ROSFgLIR(3 FmS, O R m N  
195' 6 E - 2 3 C D  

HaLE NPRlEr N FORK 
DQTE MEASURED 1 9/17/88 

D E m H  TEMPERRTURE Emri-lEm eRW31ENT 
FEET DEG C DEG F DEG C r K M  DEG F/100 



Lt3eRTIONf F!D%WRG OREGON PFHjE 2 
19S/ 6E-25DCD 

blOLE NRIEI N FORK 
mTE MERSUREDI 947rg8 

DEPTH TEMPERR'PJRE GEOWEmX eRW)IENT 
FEET DEE C DEG F DEE &/KM DEG FA00 





DEPTH 
METERS 

28.41 
30. B 
40.9 
45 .4  
Sc?. B 
55.0 
E80.0 
65.9 
70. Q 
75.0 
99.8 
S5.P 
?O.O 
1- - z3.P 

1 . I? 
L05.P 
LlP. T 
115.0 
t Z 0 . O  
125. Q 
120.3 
135.Q 
140.0 

DEPTH TEWF'EPATURE: 
FEET DEG C DEG F 

GEOTHEF'MAL ERRDIENT 
DEG C/KM DEE F/189 FT 

8 .  .1 8.  @ 
9.m 0.5 

29. 0 1.6 
22. c' 1.2 
12.0 P. 7' 
22.0 1.2 
26. 0 1.4 
26.0 1.4 
28.0 1.5 
34.1.3 1.9 
3 6 . V  Z.0 
38.0 z.  1 
35.Q 2.8 
32.8 i. 3 
35. \:: Z. :? 
,: 8 . q* 2.1 
417 . :? g*i? 
48.0 d . 6  
qE<, \TI 2.5 
:Is. r_s 2.1 
40.0 5.2 
40.0 2.2 - 52.8 <<, 9 





TEMPERRTUEE? DEG C 

ROSEBURG PHS OREGGN 



LOCRTfWt ROSlBWG APE+ ORMjON 
28s) 4E-27DDP 

HOtE NRm I WLL CRK 
DRTE ME%-1 9/17/80 

D m  T'E'MPERRTURE E3aTMmm GRRDfENT 
FEET DEG C DEG F PEG CfKM DEE F-400 FT 



WCRTIDN~ ROSEEWRB RMSr QREGON PffiE 2 
20S/ 4E-2713DD 

HOLE NFH.1E t MLL mK 
DQTE MEFISUREbl 9/17/80 

5EPn-I DEPTH TEf-lPERFITURE eEDTWERMQL GRFlDIENT 
METERS FEET DEE C DEE F DEE C/KM DEG F/10Q FT 





DEPTH 
METEFS 

LOCAT I CrN ROSEHIJRG Pi?S 9 FFT.--'m 
205/ 3E-26CD 

H a - E  HIJPEZF : RE-l.lLJ 
DnTF MEASURED : B/ BY77 

'TEFIF'EPFITURE EEWTHEPIIRL GFRI! I EVT 
DEG C DEG F CtEG C4'.M DEG F/lCiT 





DEPTH 
METEF'S 

DEFTH 
FEET 

TEMF 
PEG C 

'EPRTURE 
DEG F 

GEO'THERPIAL GFPD I ENT 
PEG CJ;.rl DEG F/~@Q FT 



D m  
METERS 

236.8 
BE. O 
'33.0 
92.0 
94.8 
9Ei. 0 

tOeFlTfONl FmSEEBJRG mr mGm 
21S, SE-16RCD 

t.#3LE PBAMKr R C K  CRK 
DRTE MEOSUREDt 9/16/80 

D'EPTH TEMPERFlTURE 
FEET DEE C DEG F 

EEOTWRNW GRF1D IENT 
PEG C 4 M  DEI; FN188 FT 





DEPTH 
M m  

tOCATII3Nt FxmBLRG F I E ,  OREGMJ 
21Sj 3E-17DR 

!#LE NRtlE: ORKR CW6 
DRTE MEGSLRED1 2/21/79 

DEFT!-! TEMPERFITLIRE ~ ~ R M f L  GRFIDIENT 
FEET DEE C DEG F DEE C/KH DEG F/100 FT 





Ef P T H  DEPTH TERPERATVRE GE~THERMAL G R A 9 I E k T  
YETERS +* -  -. -. FEET . .. DEG c . DES F -. 3EG C/KV D E G  F/100 F f  





LOCFITION 1 FmSEEum m, OREGnN 
225, JE-1BCD 

HLE NFIME I PCCPFWW 
DFITG MERSURED* 6f29rlEf 

DEPTH DEPTH TEMPERFSTURE 
METERS ' FEET DEE C CEG F D E  GEo'rHEaMAC C/KM DEG G R F I D I m  F/100 FT 









LPCFlTIPNl R#EEURG WlSr  OREGON 
2 2 s  SE- gDRR 

W N M I  FNTQ CRK 
DRTE MERSUREDI 9, 9/88 

mP7-I DEPTH TEMPERATURE: 
METERS 

GEOSHERtFlt GRQDIENT 
FEET DEG C DEG F BEG WKM DEG F/F08 R 



L ~ T I Q N  RO!3mJFG FlMSm OREGMJ PAGE 2 
i ? 3 S  5E- GDRH 

HOLE W 1 FNTO CRK 
DRTE MERSURED I 9/88 

DEPTH DEPTH TEMPERAlWRE 
METERS FEET DEE C DEG F 

GEQTMEHtlRI, G H D  IENT 
DEE C/Kb DEE F/100 FT 
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