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CONCLUSIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

There i s  a weakly de f i ned  thermal anomaly w i t h i n  t h e  area examined 
by temperature-gradient  ho les i n  t h e  Santiam Pass area. T h i s  i s  a 
re1 i c t  anomaly showing d i f f e r e n c e s  i n  permeahi l  i t y  between t h e  
High Cascades and Western Cascades areas, more than a fundamental 
d i f f e r e n c e  i n  sha l low c r u s t a l  temperatures.  

The anomaly as de f i ned  by t h e  60°F i so therms a t  400 f e e t  f o l l o w s  a 
nor th -south  t r e n d  immediately westward o f  t h e  Cascade a x i s  i n  t h e  
boundary reg ion .  It i s  c l e a r  t h a t  a l l  ho les  spudded i n t o  High 
Cascades rocks  r e s u l t  i n  isothermal  and reve rsa l  g rad ien ts .  Holes 
spudded i n  Western Cascades rocks r e s u l t  i n  p o s i t i v e  gradients .  

Cold groundwater f l o w  in f l uences  and masks temperature g rad ien ts  
i n  t h e  High Cascades t o  a depth o f  a t  l e a s t  700 f e e t ,  e s p e c i a l l y  
eastward f rom t h e  major  nor th -south  t r e n d i n g  f a u l t s .  P le i s tocene  
and Holocene rocks  a re  very permeable aqu i fe rs .  

Shallow g r a d i e n t  d r i l l i n g  i n  t h e  lowlands westward o f  t h e  f a u l t s  
prov ides more i n t e r p r e t a b l e  i n f o r m a t i o n  than sha l low d r i l l i n g  i n  
t h e  c o l  d-water recharge zones. Topographic and c l  i m a t o l o g i c a l  
e f f e c t s  can be f i l t e r e d  ou t  o f  t h e  temperature g rad ien t  r e s u l t s .  

The thermal anomaly seems t o  have 2 centers :  one i n  t h e  
Belknap-Foley area, and one nor thward i n  t h e  Sand Mountain area. 
The anomalies ma.y o r  may n o t  be connected a long a nor th -south  
t rend.  

A geothermal e f f e c t  i s  seen i n  ho les  downslope o f  t h e  Western-High 
Cascade boundary. M i x i n g  w i t h  c o l d  waters  i s  a powerfu l  i n f l u e n c e  
on temperature g rad ien t  data. 

The temperature-gradient  program has n o t  y e t  examined and def ined 
t h e  geothermal resources p o t e n t i a l  o f  t h e  area eastward o f  t h e  
Western Cascades - H igh  Cascades boundary. 
f e e t  i n  depth  a re  requ i red  t o  pene t ra te  t h e  h i g h  permeabil  i t y - c o l d  
groundwater regime. 

Holes t o  1,500-2,000 

D r i l l i n g  c o n d i t i o n s  a re  unfavorable.  There a r e  very  few access i -  
b l  e 1 eve1 d r i  11 s i t e s .  Seasonal access problems and env i  ronmental 
r e s t r i c t i o n s  t o g e t h e r  w i t h  f requent  l o s t  c i r c u l a t i o n  r e s u l t s  i n  
very h i g h  c o s t s  per  foo t  d r i l l e d .  

1 
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RECOMMENDATIONS 

1. Explore t h e  area eastward o f  t h e  weak temperature anomaly; d r i l l  
i n te rmed ia te  depth holes.  

2. I nc lude  geochemical analyses o f  water f rom d r i l l  ho les  and c o l d  

3. D r i l l  no f u r t h e r  sha l l ow  temperature-gradient  ho les  i n  t h e  western 

sp r ings  i n  t h e  program. 

p a r t  o f  t h i s  prospect.  

4. Use geo log is t s  d u r i n g  d r i l l i n g  t o  recommend e a r l y  abandonment o f  
un favorab le  d r i l l  s i t e s  when necessary, r e v i s e  i n i t i a l  l o c a t i o n s ,  
and superv ise d r i  11 ing.  

5. Plan and execute a geo log i c  survey o f  rocks  associated w i t h  s p r i n g  
d ischarge i n  t h e  Cascades i n  t h e  area o f  t h e  prospect.  

2 
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INTRODUCTION 

During t h e  p e r i o d  between September 9, 1980 and February 6, 1981, 
13 shal low ( 1  ess than 500 f e e t  depth) temperature-gradient  holes were 
d r i l l e d  f o r  Sun Energy and Development Company (SUNEDCO) i n  t h e  Santiam 
prospect area, L i n n  and Lane Counties, Oregon ( f i g u r e  1 ) .  
ranged i n  depth f rom 135 f e e t  t o  500 fee t .  Two a d d i t i o n a l  holes were 
d r i l l e d  and abandoned because o f  l o s t  c i r c u l a t i o n  problems. D r i l l i n g  
h i s t o r i e s  a r e  summarized on t a b l e  1. 

The holes 

The holes were d i s t r i b u t e d  i n  T. 13, 14, 15 and 16 S . ,  R .  6 and 7 E . ,  
i n  an area o f  approx imate ly  200 square m i l e s .  The l o c a t i o n s ,  depths and 
bottom-hole temperatures a r e  shown on p l a t e  1. Temperatures and o t h e r  
thermal i n f o r m a t i o n  were a v a i l a b l e  f rom 7 sha l l ow  holes d r i l l e d  by t h e  
Oregon Department of Geology and M ine ra l  I n d u s t r i e s  (DOGAMI) and 2 i n t e r -  
mediate depth w e l l s  sponsored by t h e  U.S. Department o f  Energy (DOE) and 
Eugene Water and E l e c t r i c  Board (EWEB) w i t h i n  t h e  Santiam prospect area. 
These l o c a t i o n s  and temperatures a r e  a l s o  p l o t t e d  on f i g u r e  1 and p l a t e  1. 

The d r i l l i n g  c o n t r a c t o r  was Southwest D r i l l i n g  and Exp lo ra t i on ,  I n c .  
(Southwest) o f  Cen t ra l ,  Utah. 
operat ions.  
Rock c u t t i n g s  were shipped t o  GeothermEx, Inc .  f o r  l i t h o l o g i c  d e s c r i p t i o n s .  
The average t i m e  spent pe r  h o l e  was 8% days, which i s  excessive f o r  
shal low ho les .  
w i t h i n  2 t o  5 days per  ho le.  

No g e o l o g i s t  was present  d u r i n g  d r i l l i n g  
The d r i l l i n g  crew c o l l e c t e d  samples a t  1 0 - f o o t  i n t e r v a l s .  

Shal low temperature-gradient  ho les  a r e  u s u a l l y  d r i l l e d  

The holes were completed w i t h  one- inch d iameter  i r o n  pipe, plugged on 
bottom, cemented i n  place, f i l l e d  w i t h  water and capped and locked. 
GeothermEx geologist traveled to the prospect area and measured tempera- 
t u r e s  on severa l  d i f f e r e n t  occasions a f t e r  t h e  holes were a l lowed t o  e q u i l -  
i b r a t e .  Temperatures were measured w i t h  Env i ro labs  model DT 201 A t h e r -  
m is to r ,  a t  depth i n t e r v a l s  o f  10 f e e t .  

A 

This r e p o r t  i n t e g r a t e s  a v a i l a b l e  i n f o r m a t i o n  on geology, geophysics 
and geochemistry w i t h  t h e  d a t a - a c q u i r e d  f rom t h e  d r i l l i n g  program, as w e l l  
as the data pub l i shed  by t h e  Oregon Department o f  Geology. 
was presented i n  prev ious r e p o r t s .  t o  SUNEDCO (GeothermEx, 1973, 1977 and 
1980) and t h e  geology i s  b r i e f l y  t r e a t e d  i n  t h i s  r e p o r t .  
a r e  presented i n  b o t h  w r i t t e n  l o g s  (Appendix A)  and g raph ic  l o g s  (Appendix 
B ) .  

The geology 

L i t h o l o g i c  da ta  

Temperature data a r e  presented i n  t a b l e s  and graphs, and i n  Appendix B 

3 
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Table 1 .  Summary Dr i l l ing  Histor ies  of Temperature- 
Gradient Holes, Santiam Prospect, Oregon 

A- 1 - 
Spud:  9/9/80 
Complete: 9/11 /80 
T.D.: 80 f e e t  
T.D. pipe: 0 

t o  65 f e e t  and cemented. Dril led out  of cement w i t h  no r e t u r n s .  
Abandoned hole a t  80 f e e t  depth. 

Lost c i r c u l a t i o n  a t  35 f e e t .  Dril led w i t h  p a r t i a l  re turns  

A-1 -A 

Spud : 9/11 /80 
Complete: 9/15/80 
T.D.: 42 f e e t  
T.D. pipe: 0 

Attempted -3 d r i l l  a t  a posi- . .Jn c l o s e r  t o  ,he easement 
u s i n g  an a i r  hammer and foam. Dri l led t o  31 f e e t ,  l o s t  c i r c u l a t i o n  
and cemented. Dri l led out of cement and l o s t  c i r c u l a t i o n .  Abandoned 
t h e  hole a t  42 f e e t  depth. 

A-19 

Spud : 9/16/80 
Compl e t e :  10/1/80 
T.D.: 280 f e e t  
T.D. pipe: 185 f e e t  

Began d r i l l i n g  w i t h  a n  a i .  h mmer and foam and  encountered 
Dri l led severe problems w i t h  caving i n  the upper par t  of t h e  hole. 

and reamed hole t o  82 f e e t  and  s e t  80 f e e t  o f  p l a s t i c  casing.  
Pulled p l a s t i c  casing and s e t  66 f e e t  of 7-inch metal casing. 
Dri l led w i t h  mud t o  280 f e e t ,  l o s t  c i r c u l a t i o n  and stuck the  rods. 
D r i l l e r s  were not ab le  t o  r e t r i e v e  a l l  t h e  rods and had  t o  s e t  
gradient  pipe a t  185 f e e t .  



901 MENDOCINO AVE. 
GeothermEx, Inc. BERKELEY,CA. 94707 

(41 5) 527-9876 

Table 1 (cont inued)  

A-1 2 

Spud : 10/2/80 
Compl e t e  : 10/7/80 
T.D.: 500 f e e t  

D r i l l e d  t o  220 fee t  and l o s t  c i r c u l a t i o n .  Regained p a r t i a l  
r e t u r n s  and resumed d r i l l i n g .  
t i o n  and cont inued d r i l l i n g  t o  t o t a l  depth. 

A t  330 f e e t  rega ined complete c i r c u l a -  

A-1  4 

Spud : 10/8/80 
Compel t e  : 10/18/8C 
T.D.: 355 f e e t  
T.D. p ipe :  350 f e e t  

D r i l l e r s  fought  l o s t  c i r c u l a t i o n  f rom 160 f e e t  t o  t o t a l  depth.  
Frac tures  were encountered a t  317 f e e t  and 320 f e e t .  The rods f e l l  
f rom 345 f e e t  t o  355 fee t  and plugged t h e  b i t  i n  t h e  process. 

A-1 6 

Spud : 10/19/80 
Compl e te :  10/28/80 
T.D.: 420 f e e t  
T.D. p ipe:  415 f e e t  

5-5/8- inch and 6-1/4- inch b i t s  t o  95 f e e t .  D r i l l e d  ahead w i t h  6-1/4- 
i n c h  b i t s  t o  t o t a l  depth. Returns o f  mud were p a r t i a l  f rom 100 
f e e t  t o  230 f e e t .  A t  230 fee t  c i r c u l a t i o n  was l o s t  b u t  regained.  
Frac tures  and l o s t  c i r c u l a t i o n  problems were encountered a t  300, 310, 
330 and 340 f e e t .  

D r i l l e d  a 5-1/8- inch p i l o t  h o l e  t o  95 f e e t .  Reamed w i t h  

A- 5 - 
Spud : 10/29/80 
Compl e t e  : 11 /1/80 
T.D.: 500 f e e t  
T.D. p ipe :  495 f e e t  

D r i l l e d  i n  c l a y  w i t h  no problems. 
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Table 1 ( con t inued)  

A- 3 - 
Spud : 11 /2/80 
Compl e t e  : 
T.D.: 500 f e e t  
T.D. p ipe:  495 f e e t  

11 /l 1 /80 

D r i l l e d  predominant ly  i n  c l a y  w i t h  no problems. 

A- 7 - 

Spud: 11/13/80 
Compl e t e  : 11 /26/80 
T.D.: 500 f e e t  
T.D. p ipe :  500 f e e t  

Set  50 f e e t  f 7 - i  ch cas ing  - 
h o l e  t o  t o t a l  depth w i t h o u t  problems. 

A-11 

Spud : 11 /28/80 
Compl e t e  : 1 2/8/80 
T.D.: 470 f e e t  
T.D. p i p e :  470 f ee t  

nd d r i l l  d a 6-1/4- inch 

Set 20 f e e t  o f  7 - inch  cas ing .  D r i l l e d  t o  
Regained c i r c u l a t i o n ,  d r i l l e d  t o  470 c i r c u l a t i o n .  

t he  ho le .  

A-10 

Spud : 12/15/80 
Compl e t e  : 12/22/80 
T.D.: 480 f e e t  
T.D. p ipe :  480 f e e t  

D r i l l e d  t o  230 f e e t  and l o s t  c i r c u l a t i o n .  
t i o n .  d r i l l e d  t o  240 f e e t ,  l o s t  c i r c u l a t i o n  and s t  

344 f e e t  and l o s t  
f ee t  and completed 

Regained c i r c u l a -  
tck t h e  rods.  Broke 

loose  and d r i l l e d  ahead w i t h  p a r t i a l  r e t u r n s  t o  480 f e e t .  
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Table 1 ( con t inued)  

Spud : 12/15/80 
Complete: 1/6/81 
T.D.: 500 f e e t  
T.D. p ipe :  500 f e e t  

D r i l l e d  t o  20 f e e t  w i t h  no r e t u r n s  and s e t  7 - inch  cas ing .  
D r i l l e d  ahead w i t h  problems i n  h o l e  cav ing .  Encountered p a r t i a l  
l o s s  o f  c i r c u l a t i o n  a t  201 f e e t .  D r i l l e d  t o  t o t a l  depth i n  pre-  
dominate ly  s o f t  m a t e r i a l .  

A- 20 

Spud: 1/8/81 
Compl e te :  1 /15/81 
T.D.: 466 f e e t  
T.D. p ipe :  465 f e e t  

D r i l l e d  t o  55 f e e t  f i g h t i n g  cave - in  problems. Moved r i g  
15 f e e t  ove r  and spud- in .  
L o s t  c i r c u l a t i o n  a t  62 f e e t  and rega ined  same. 
and l o s t  c i r c u l a t i o n  i n  2 - f o o t  v o i d .  Set  g r a d i e n t  p ipe .  

Encountered t h e  same problem b u t  persevered. 
D r i l l e d  t o  466 f e e t  

A-1 3 

Spud : 1 /20/81 
Compl e t e  : 1 /26/81 
T.D.: 296 f e e t  
T.D. p ipe :  295 f e e t  

D r i l l e d  w i t h  no r e t u r n s  t o  20 f e e t  and s e t  7 - inch  cas ing .  
D r i l l e d  o u t  o f  c a s i n g  w i t h  p a r t i a l  r e t u r n s .  
f e e t .  Cemented w i t h  12 sacks. D r i l l e d  o u t  o f  cement and l o s t  c i r c u l a -  
t i o n  a t  295 f e e t .  D r i l l e d  ahead 1 f o o t  w i t h o u t  rega ined c i r c u l a t i o n  
and completed t h e  ho le .  

L o s t  r e t u r n s  a t  280 

A-1 7 

Spud : 1 /29/81 
Complete: 2/6/81 
T.D.: 318 f e e t  
T.D. p ipe:  318 f e e t  
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Table 1 ( c o n t i n u e d )  

D r i l l e d  t o  115 f e e t  depth  and l o s t  c i r c u l a t i o n .  Rega ned 
c i r c u l a t i o n  and con t inued  d r i l l i n g .  
a t  170, 180, 185, 190, 199, 210, 246, 290 and 318 f e e t .  Completed 
t h e  h o l e  a t  318 f e e t  because o f  bad weather. 

Encountered l o s t  c i r c u l a t i o n  
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LOCATION AND PHYSIOGRAPHY 

The Santiam p rospec t  i s  l o c a t e d  i n  Western Oregon, i n  T. 13, 14, 
15 and 16 S., R. 6 and 7 E. Eugene i s  about 60 m i l e s  west; Albany and 
C o r v a l l i s  a r e  80 m i l e s  WNW; Salem i s  100 m i l e s  NW; and Bend i s  70 m i l e  
east .  
and Bend AMS sheets, and by  t h e  1:62,500 s c a l e  McKenzie Br idge,  Echo 
Mountain , Three S i s t e r s ,  and Three Fingered Jack 1 5-minute quadrangl e 
maps. 

The p r o j e c t  area i s  i n  t h e  M idd le  Cascades.geomorphic prov ince,  on 
t h e  western s lope  of t h e  Cascade Range. 
t r e n d i n g  f e a t u r e  comprised o f  T e r t i a r y  and Quaternary volcanos, severa l  
o f  which have been a c t i v e  i n  h i s t o r i c  t ime. The holes were d r i l l e d  on 
U.S.F.S. admin i s te red  land,  i n  t h e  Wi l l amet te  Nat ional  Forest ,  a long t h e  
west s i d e  o f  t h e  Mount Wash ngton and Three S i s t e r s  Wilderness areas. 
Access t o  t h e  p rospec t  area i s  prov ided by U.S. Highway 20 a long  t h e  
South Santiam R ive r ,  and by U.S. Highway 126 a long  t h e  McKenzie R ive r .  
There a r e  a l s o  paved, grave ed and d i r t  l o g g i n g  roads t r a v e r s i n g  t h e  
area. 

Topographic map coverage i s  prov ided by t h e  1:250,000 s c a l e  Salem 

The range i s  a g e n e r a l l y  NS- 

Topographic r e l i e f  i s  spec tacu la r  i n  t h i s  reg ion.  The v a l l e y  of  t h e  
McKenzie R i v e r  near Belknap Hot Spr ings i s  a t  an e l e v a t i o n  o f  1,620 f e e t ,  
w h i l e  t h e  peaks o f  t h e  Three S i s t e r s  volcanos, 12 m i l e s  t o  t h e  east,  r i s e  
t o  over  10,000 f e e t .  The S i s t e r s  a r e  g l a c i a t e d .  
f l o w s  westward t o  t r i b u t a r i e s  o f  t h e  McKenzie R i v e r  and t h e  McKenzie i n  
t u r n  f l o w s i n t o  t h e  W i l l a m e t t e  Va l l ey .  
prospect  p r o v i d e  snowmelt f o r  t h e  M idd le  and South Santiam R ive rs .  The 
c l i m a t e  i s  humid and temperate, w i t h  warm, d r y  summers and co ld ,  w e t  w i n t e r s .  
The mean annual tempera ture  a t  McKenzie B r idge  i s  5OoF. 
p r e c i p i t a t i o n  i s  80 inches pe r  year.  

a t  3 l o c a t i o n s :  
Hot Spr ings (T. 16 S . ,  R. 6 E., s e c t i o n  28), and Bigelow o r  Deer Creek 
Spr ings (T. 15 S., R. 6 E., s e c t i o n  23). 
i n c l u d e  Bre i tenbush  Hot Spr ings,  50 m i l e s  n o r t h  o f  Belknap Hot Spr ings; 
Cougar Hot Spr ings, 8 m i l e s  SW of McKenzie Br idge;  and McCredie and K i t s o n  
Hot Springs, 30 m i l e s  sou th  o f  Belknap Hot Spr ings. 
1 i e  a long t h e  approximate boundary between t h e  T e r t i a r y  Western Cascades 
v o l c a n i c  rocks w i t h  t h e  Quaternary High Cascades v o l c a n i c  rocks.  

Snowmelt from t h e  S i s t e r s  

Peaks i n  t h e  n o r t h e r n  p a r t  o f  t h e  

The average annual 

Geothermal m a n i f e s t a t i o n s  i n  t h e  Santiam prospect  i n c l u d e  h o t  s p r i n g s  
Belknap Hot Spr ings (T.  16 S., R. 6 E., s e c t i o n  11 ) ,  Fo ley 

Other h o t  sp r ings  i n  t h e  r e g i o n  

A l l  of  these sp r ings  

4 
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GEOLOGIC FRAMEWORK 

The Sun-Santiam prospec t  i s  l o c a t e d  i n  t h e  Cascades Mountains a t  
o r  very  near t h e  j u n c t i o n  o f  two geo log ica l  subprovinces: t h e  Western 
Cascades and High Cascades ( p l a t e  2) .  Both subprovinces are  comprised 
almost e n t i  r e l y  o f  i n t r u s i v e  and e x t r u s i v e  igneous rocks and associated 
v o l c a n i c l a s t i c  sediments. Together,  t h e  Western and High Cascades 
span n e a r l y  t h e  e n t i r e  Cenozoic E r a .  A 30 t o  70 m i l e  wide s t r i p  o f  
t h e  c r u s t ,  hundreds o f  m i l e s  long,  has been repeated ly  t h e  scene o f  
magmatism. 

B r i e f l y ,  from l a t e  Eocene t o  l a t e  Miocene t ime  t h e  rocks o f  t h e  
Western Cascades were deposi ted,  deformed s l i g h t l y ,  hyd ro the rma l l y  
a l t e r e d  by t h e  e f f e c t s  o f  i n t r u s i o n s ,  and eroded. 
Holocene t ime,  High Cascade volcanos were b u i l t  on t o p  o f  t h e  Western 
Cascade p la t fo rm,  and f l ows  from t h e  e r u p t i v e  cones f i l l e d  eroded canyons 
i n  t h e  o l d e r  rocks .  
s y n c l i n a l  downwarp below t h e  High Cascades, w i t h  mod i fy ing  fo lds  and 
f a u l t s .  The deep c r u s t a l  c o n f i g u r a t i o n  below t h e  Cascade Mountains i s  
t h e  s u b j e c t  o f  con t inued research  and a n a l y s i s  (Geothermal Resources 
Counci l ,  1981). There i s  cons ide rab le  con t rove rsy  and t h e r e  a r e  many 
unanswered ques t ions ,  which geophysica l  data,  geo log i c  mapping and i n t e r -  
p r e t i v e  e f f o r t s  a r e  o n l y  beg inn ing  t o  analyze. 
and t h e  p o s i t i o n  of  r e s i d u a l  magma a r e  contes ted  by g e o l o g i s t s  and geo- 
p h y s i c i s t s .  

A l though no d r i l l i n g  has revea led  e a r l y  Eocene and o l d e r  rocks  a t  
depth, i t  may be con jec tu red  t h a t  t hey  e x i s t  i n  a t  l e a s t  d iscont inuous  
form, o r  perhaps as metamorphosed e q u i v a l e n t s  o f  t h e i r  o r i g i n a l  rock  types .  
I n  whichever form, they  may c o n t r i b u t e  t o  r e s e r v o i r  e x t e n t  and th ickness .  

From P l iocene t o  

The d i p  of  Western Cascade rocks  i n d i c a t e s  a broad 

The r o l e  of p l a t e  t e c t o n i c s  

5 
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STRATIGRAPHY 

The s t r a t i g r a p h y  i n  t h e  Santiam prospec t  has been discussed i n  

The F r i n c i p a l  
d e t a i l  by GeothermEx r e p o r t s  (1973, 1977, 1980) t o  SUNEDCO. Sec t ions  
o f  these r e p o r t s  a r e  summarized and reproduced 5ere. 
s t r a t i g r a p h i c  u n i t s  appear on t a b l e  2.  

P r e - T e r t i a r y  JLate  Ju rass i c  -- t o  La te  Cretaceous) 

There a re  no known P r e - T e r t i a r y  rocks  c ropp ing  o u t  i n  t h e  Santiam 
p rospec t  area. The neares t  exposures of P r e - T e r t i a r y  rocks a r e  about 
50 m i l e s  SW o f  Belknap Hot Spr ings. These a r e  u n d i f f e r e n t i a t e d  La te  
Ju rass i c  t o  La te  Cretaceous deep mar ine  sediments and La te  Cretaceous 
i n t r u s i o n s .  A l l  have been deformed, a l t e r e d  and metamorphosed. The 
rocks  belong t o  o r  a r e  c o r r e l a t i v e  w i t h  t h e  Ga l i ce  and Rogue Formations. 
They i n c l u d e  meta-graywacke, m e t a - a r g i l l i t e ,  s l a t e ,  gneiss, greenstone, 
p e r i d o t i t e ,  q u a r t z - d i o r i t e ,  and serpent ine .  
c o n f i n e d  t o  f r a c t u r e  zones i n  t h e  t h i c k e s t  graywackes and c r y s t a l l i n e  
rocks .  

P e r m e a b l i l i t y  i s  most l i k e l y  

T e r t i a r y ,  Eocene 

Eocene rocks  a r e  a l s o  unknown i n  t h e  s tudy  area, b u t  a r e  found near 
Eugene, and may be encountered a t  g r e a t  depth  below the  v o l c a n i c  rocks  
o f  t h e  Western Cascades Sequence. The rocks  c o n s i s t  o f  sha l l ow  marine 
sediments, i n c l u d i n g  sandstones, s i 1  ts tones ,  and mudstones, w i t h  l e s s e r  
amounts o f  v o l c a n i c  f l ows ,  t u f f s  , brecc ias  and conglomerates. 
be long t o  o r  a r e  c o r r e l a t i v e  w i t h  t h e  Umpqua, Tyee, C o l e s t i n  and F i s h e r  
Formations. They range i n  th i ckness  t o  over  10,000 f e e t .  Pr imary per -  
m e a b l i l i t y  i s  v a r i a b l e  and would be good i n  coarse sediments and b recc ias ,  
b u t  g r e a t l y  1 essened by  compaction and a1 t e r a t i o n .  

The rocks  

T e r t i a r y  I n t r u s i v e  Rocks 

hypabyssal remnants o f  eroded v o l c a n i c  cen te rs ,  i n c l u d i n g  p lugs  and d ikes ;  
and more deep ly  emplaced stocks.  Chemical ly,  t h e  d ikes  and v o l c a n i c  necks 
range from r h y o d a c i t e  t o  b a s a l t .  T e x t u r a l l y  t h e y  cover t h e  same a p h a n i t i c  
t o  p o r p h y r i t i c  range as t h e i r  l a v a  coun te rpa r t s .  Loca l l y ,  x e n o l i t h s  rang- 
i n g  i n  s i z e  f rom a few m i l l i m e t e r s  t o  one meter  can be found i n  t h e  v o l c a n i c  
necks and d i kes .  When removed from c o n t e x t ,  these hypabyssal i n t r u s i v e  rocks  

I n t r u s i v e  rocks  o f  t h e  s tudy  area  c o n s i s t  o f  two phys i ca l  t ypes :  

6 



TABLE 2:  St ra t ig raph ic  column of t h e  Cascades province,  Oregon. 

Litholopic chararter Din tri bu t ion of out c r o p  Thicknew (fvet) 

Gravel, sand, silt, and local till _ _ _ _ _ _ _ _ _ _  Major stream va1lq-r 

Flows and Ims gbundant pyrorlastic rocks o 
1,risaltir andcsitv and olivinc btlsalt. Its 
 buri id ant pyrost’iif’ aiidwii( , ,  and ~ p a m  
dt4t.t.. Flows arr typically pOr6US tex 
turvd and sparsrl? porpiiyritic. and con 
taiii phenocrystc of oliviric that is par 
tialiy alt rrcd t o  reddish iddiiiesite. Forn 
roristructional ~.iirfacrs, iriodified in par 
by phciation. 1 ,~~ca l ly  faulted but no 
folded. 

Limited mostly t o  crmt 
and emtern dopv of 
Capcad+. Range. tnlt a 
feu nca iuvd  COII(:F and 
intrncanyon fiowr 
fartlrc-r nest. 

Troutdalc For- 
mation. 

~ 

Conglomerate, sandstone, and micareoui 
siltstone; poorly induratvd Ftream d r p  
its. Conglonierate is niassivc and cross 
bedded in part and is composed chiefly o 
well-rounded pebbles of b k 4 t  and quart  
zite. Undeformed. 

Unconformit y 
Floivs, tuff brecica, lnpilla tuf f .  and tuff o 

hywrsthene andcsitc, 1 , s  abundanl 
busahif rindeeitc, a u g t e  andcsite, an( 
a1)hyric silicic a n d e i t c ,  and sparse dacitc 
and  di\-inc basalt. In Cascadc Range i r  
northern Oregon, composed of a low-ei 
pyroc1.astic unit. and an upprr unit of flowf 
‘Flows arc typically platy and porphyritic 
and contain ~henocrys ts  of calcic pia@ 
cltise and prismatic black hypcrstheiie 
Massive tuf f  breccia is locally abundsnt 
Folded, faulted, and altered. 

Floivs of tholeiitic basalt and tholeiitic and+ 
site. F l o w  typically arc  columnar and 
lmckly joint.ed and are composed of very 
fine pained black basalt, that conraine 
abundant glass, plagioclase, augiitic pyrox. 
ene, and chloropiiaeite, but little or no 
olivine. 

Unconformit y 
IT at  erlaid tuff, volcanic-n-a ck e ark oeir- 

wxclie. and less abundant ~ilr.st.one. 
praniile sandst.onr, pebbly ronglomerate, 
and impure coquina. Shnllon--water ma- 
rine deposits that  intcxrfinger east.staard 
with t h e  Little But te  Yolrsnic Srrirs. 

Dacitic and andesitic tuff  and lees abiindant 
flows and breccia of olivine bssdt. be- 
d t i c  andesite, and pyroxene aiidesiw. 
dacitic and rhyodacitic flow and domes, 
and rhyodacit.ir tuff. Massive pumice 
lapilli \ i t r ic  tuff is the most abundant. 
rock type. BHsdtic Aons t,ypically con- 
tain sparse pliriiocrysts of calcic clino- 
pyroxene isa1it.e; and  olivine, t h e  latter 
ahered t o  preen clay, as well as micro- 
phenocrysts of calcic plagioclase and 
pyroxene. Basal member is rhyodacitic 
nr lded tuff containinp abundant crystals 
of feldspar, quartz. and biot.ite. Folded, 
faulted. and altercd. 

~ 6 ~ ~ 1  unroniormit y 
4ndesitic lapilli tuff, tuff: conglomerate, 

volcanic-waclie sandstone! and less abun- 
dant  flow and tuff breccia of basaltic 
andesite and pyroxene andesite. Massive 
pumice lapilli \itrir tuff most. abundant 
rock type. 

0-400 (> 1.000 
near I’ortlmd, 
Trimblc:, 1957)  

Lnwrr vallrys of Saiidy 
C1~rLnn:ti.. and 
hlolvlla Rivers. 

not Dresent 

Sardi I I ~  Forma- 
11nn. 

0-1  0,000, aver- 
ape rihout 
3,000. 

Tmv 

~ ~~ 

Vallcys of Bull Ruri. 
Sandy. Snimon. 
Clackanifis. aiid 21oltilla 
Ei\.tars. snd foot t i lk  
f8rtiic.r s o u t h  t o  t h e  
vicinity of F\vwr Home.  

r a l l e ~ ~  of Butte. Abiqua. 
Sil<.er, and Drift Crreks, 
and foothills berween 
Lebanon and Dorena 
Dam. 

Columbia River 
Hasalt. 

0-1, 500 _ _ _ _ _ _ _ _  

Tmv 

\lnrine tuff and  
wndsront-. 

To v 

\\-rst rm Casrad(, Range 
south of t he  3lclienzle 
RI\ CT: fnot hills and 
i’asicrn edcr of \\ %’stern 
Cascadc H:inci f s r t h w  
north. 

To v 

Colrstin Forma- 
t ion. 

C3,OOO: evrrapr 
about  1,500. 

not present 

Sprncer. Tyee, 
and Empqua 
Formntions. 

not present 

->SO0 (>9,000 
southwest of 
Cott aye Grove, 
Hoover, 1959). 

sandstone snd  siltstone of the  Spencer 
Fornitition \not exposed within t h e  map 
area) overlie micaceous. sandstone and 
dark mudstone of t h e  Tyee  Formation. 
which in nirn overlie sandstotie, rnud- 
Stone. conplomerute. :tiid interbetided 
basaltic tlows and tuff of the  L7tnpqiin 
Form:ttion. 

leep marine and shal low mar ine sediments. 
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a r e  n o t  r ead i ly  d i s t i n g u i s h a b l e  from ext rus ive  rocks. 
weathering, heavy vegeta t ive  cover and s t eep  topography, data do not 
allow the  pos i t i ve  assoc ia t ion  of s p e c i f i c  hypabyssal systems w i t h  
s p e c i f i c  ex t rus ive  events .  
these  rocks. 

Because of deep 

Reliable age data  a l s o  a r e  unavailable f o r  

The i n t r u s i v e  s tocks  of the  study area range chemically from 
d i o r i t e  t o  monzonite. A l l  a r e  porphyr i t ic ,  w i t h  medium t o  f ine-grained 
groundmass. Feldspar phenocrysts a r e  common i n  each of these  i n t r u s i v e  
bodies. Locally, phenocrysts of aug i t e ,  hornblende, b i o t i t e ,  quar tz  
and metal1 i c  s u l f i d e s  a r e  present.  
another  c h a r a c t e r i s t i c  of  these intrusives. 
a r e a ,  s imi l a r  s tocks a r e  associated w i t h  base metal minera l iza t ion .  
A s i n g l e  K-Ar da te  of  t h e  stock a t  Detroi t  Dam by Su t t e r  (1978) y i e l d s  
an upper Miocene age. 
s u i t e  of i n t rus ions .  Chemical data  a r e  not ava i l ab le  f o r  co r re l a t ions  
between these  i n t r u s i v e s  and spec i f i c  volcanic events.  

Dis t inc t  hornfels  aureoles  a r e  
To t h e  west o f  the s tudy 

I t  i s  uncertain i f  th i s  i s  typical  o f  t he  e n t i r e  

Cascade Range, Oligocene Present 

The Western Cascades sequence has been s p l i t  i n to  two very general 
s e t s  of age and compositional units (GeothermEx, 1980),  lacking s t r a t i -  
graphic o r  formational assignments: 01 igocene and lower Miocene volcanic 
sediments,  l avas  and a n d e s i t i c  tuffs ;  and mid-Miocene t o  lower Pliocene 
volcanic rocks,  w i t h  minor vo lcan ic l a s t i c s  and volcanic sediments. The 
High Cascades sequence has been divided t e n t a t i v e l y  i n t o  3 s i m i l a r l y  
broad units : 
eroded Pleis tocene l avas ;  and the  most recent  lavas ,  which lack  a devel- 
oped s o i l  horizon. I n  many p laces ,  the  d i s t i n c t i o n  between Pliocene and 
P1 ei stocene lavas  has been d i f f i c u l t ,  and the geographic boundaries 
should be considered sub jec t  t o  rev is ion .  

s t rong ly  eroded P1 iocene-1 ower P1 e is tocene 1 avas ; 1 ess-  

Western Cascades Sequence 

The Western Cascades*are deeply eroded, and include t h e  L i t t l e  
Butte Volcanic S e r i e s ,  the Breitenbush T u f f ,  some flows belonging t o  
the Columbia River Basa l t ,  and the  Sardine Formation. 
5 t o  40 mil l ion years  o l d ,  and a r e  u p  t o  20,000 f e e t  th ick  (Hammond, 
1976).  
gional marker bed d i v i d i n g  the  Western Cascades in to  lower andupper par t s .  
In t h e  previous GeothermEx repor t  (1980), the  Western Cascades sequence 
was s p l i t  i n t o  two u n i t s  and described a s  follows: 

They range from 

According t o  Hammond (1976) the  Breitenbush Tuff may be a re- 
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01 igocene-lower Miocene --- tuffs  and o ther  volcanic rocks. The 
Oligocene t o  lower Miocene sequence cons is t s  of a n d e s i t i c  ash-flow 
tuffs,  w i t h  subordinate  quanti  t i e s  of basa l t  t o  daci t e  1 avas and 
volcanic sediments. 
sequence, t h e  tuffs  b e i n g  b o t h  welded and cemented. 
ranges from predominantly v i t r i c  t o  c r y s t a l - l i t h i c  and t o  l i t h i c .  
g ioc lase  and minor quartz  a r e  the  most common c r y s t a l s ;  l a p i l l i - s i z e  
pumice and volcanic  rock fragments make u p  the  l i t h i c  component. 
Eutax i t ic  t e x t u r e  i s  common i n  t h e  welded tuffs .  Dev i t r i f i ca t ion  of 
the  ash component, and ce ladoni te  a l t e r a t i o n  a r e  pervasive throughout 
t he  tuffs of this sequence. 

rock type. 
becoming increas ingly  p l a s t i c ,  and forming gouge-f i l led f a u l t  zones 
r a the r  than open f a u l t  planes when subjected t o  stress f a i l u r e .  
c h a r a c t e r i s t i c s  make the l i g h t l y  welded tuffs  r a t h e r  e f f e c t i v e  ba r r i e r s  
t o  groundwater movement. 
geothermal r e se rvo i r s .  

Ash-flow tuffs  comprise approximately 70% o f  t he  
Their composition 

Pla- 

Groundwater movement t h r o u g h  this sequence va r i e s  according t o  
The cemented and l i g h t l y  welded tuffs tend t o  a l t e r  r ead i ly ,  

These 

They should not be expected t o  serve as  

Conversely, the highly welded tuffs  form moderate- t o  low- 
porosi ty ,  b r i t t l e  horizons w i t h i n  this sequence. 
s i v e  ce ladoni te  a l t e r a t i o n ,  the  more highly-welded tuffs tend t o  f rac-  
t u r e  b r i t t l y  and t o  maintain r e l a t i v e l y  open f a u l t s  along well-defined 
planes. Good permeabili ty may be expected i n  f rac tured  zones and along 
o r  ad jacent  t o  f a u l t  planes.  Tfie potent ia l  f o r  geothermal aquifers 
cannot be evaluated ful l y ,  because of va r i a t ions  l’n thickness ,  a1 t i  tude 
and local  d i s t r i b u t i o n  of these  welded tuffs.  

In s p i t e  o f  perva- 

Lavas w h i c h  occur in t e rmi t t en t ly  throughout t h e  t u f f  sequence 
tend t o  be f r ac tu red .  
a t  a slower r a t e  than w i t h  the cemented tuffs. 
form aqu i fe r s  of moderate permeabili ty and of loca l  ex ten t .  

The m i d d l e  Miocene-lower Pliocene sequence cons i s t s  of basal t i c  t o  
a n d e s i t i c  l avas  and scoriaceous tuffs,  w i t h  loca l  volcanic sediments, 
pal agoni t e  tuffs,  and base-surge debris  depos i t s  . 
blende d a c i t e  lavas  and welded tuffs occur l o c a l l y  i n  t h e  upper portion 
of this sequence. 
lower port ions of t h i s  sequence. 
common a l t e r a t i o n  minerals throughout the  sequence. 
a t ion  is  r e s t r i c t e d  t o  zones of major groundwater movement. 
f i c a t i o n  is  pervasive throughout t he  tu f f aceous -un i t s .  

Al te ra t ion  of these lavas  t ends  t o  take place 
They would tend t o  

Middle Miocene-lower P1 iocene volcanic - and vo lcan ic l a s t i c  rocks. 

Porphyri t ic  horn- 

Secondary zeoll’te is  common i n  lava flows i n  the  
Hydrous i ron  oxides and clays a r e  

Celadonite a l t e r -  
Devitri-  

a 
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Groundwater movement through this volcanic sequence probably 
i s  h i g h l y  va r i ab le  i n  amount and velocl’ty. 
t u f f s  t e n d  t o  be aqu i f e r s  of moderate capac i ty ,  w i t h  water flowing 
through former cool ing f r ac tu res  i n  the  lavas  and through s t r e s s  
f r ac tu res  i n  the palagoni te  tuffs. 
canic  sediments, and base-surge debris  deposi ts  tend t o  d e v i t r i f y  
r a t h e r  r ead i ly ,  thereby forming hydrologic ba r r i e r s  r a the r  than 
aqui fe rs .  

Lava flows and palagoni te  

Scoriaceous cemented t u f f s ,  vol- 

High Cascades Sequence 

Overall ,  t h e  High Cascades i s  character ized by flow sequences 
of e s s e n t i a l l y  f l a t - l y i n g  basa l t  erupted from f i s su res  and volcanos, 
w i t h  individual flows varying i n  thickness from about 20 t o  several  
hundred f e e t ,  t o  a t o t a l  of 7,000 f e e t ,  extruded onto the  eroded 
su r face  of t he  underlying Western Cascade rocks. 
ol i v ine  basa l t  v a r i e t y ,  accompanied by o l i v i n e  andes i te ,  hypersthene 
andes i t e  and minor d a c i t e  and rhyo l i t e .  S h i e l d  volcanos and s t r a t o -  
volcanos and c inder  cones of  basa l t  and andes i te  and ash of t h e  same 
composition, have been b u i l t  upon the  flow tableland i n  t h e  most recent  
erupt ions.  
streams and g l a c i e r s .  

t o  Holocene. 
l a s t  few hundred  years  w i t h i n  20 miles e a s t  of Belknap S p r i n g s  (Heinrichs, 
1973). 
of age-estimation of  rocks i n  the High Cascades a re  the  degree of  erosion 
by g l a c i e r s  and the development of soil and vegetation cover on t h e  most 
recent  flows, as well as reference t o  t h e  6,600 year  old explosive 
erupt ion of Mount Mazama (Cra te r  Lake), whl’ch showered the  a rea  w i t h  a 
marker-bed of pumice and has helped t o  separa te  Pleis tocene from Holocene 
rocks. 

The basa l t  i s  an 

Flank eruptions have sen t  flows down canyons eroded by 

The age of the extrusions making u p  th is  subprovince i s  Pliocene 

In the absence of complete radiometric d a t i n g ,  e f f e c t i v e  means 

Eruptions have been dated as  having occurred w i t h i n  t he  

E a r l i e s t  erupt ions of the High Cascades appear t o  have been from 
a chain of N-S volcanos c l o s e  t o  t h e  present boundary w i t h  t he  Western 
Cascades. Taylor (1965, 1968) has described the base o f  the High 
Cascades as  marked by a s i g n i f i c a n t  erosional and/or angular  uncon- 
formity,  over la in  by homogeneous, coarse-grained d i k t y t a x i t i c  basa l t  flows. 
Above these  flows a r e  fine-grained dense basal t s .  
posed t h a t  an eastward-facing erosion scarp  1,500 t o  3,000 f e e t  high 
existed along the s i t e  of a s t e e p  normal f a u l t .  Subsequent au thors ,  
such as  Jan (19671, have a l s o  proposed the boundary of  t he  two subprovinces 
t o  be the  s i t e  of a f a u l t  w i t h  recurring movement, b u t  f i e l d  evidence 
i s  quest ionable ,  and Taylor d o u b t s  the  ex is tence  of a major t h r o u g h -  
going f a u l t .  

Williams (19441 pro- 
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Broad s h i e l d  volcanos composed o f  o l  i v i n e  b a s a l t  and basal t i c  
andesi te  were b u i l t  by q u i e t  e r u p t i o n s .  L i m i t e d  exp los i ve  a c t i v i t y  
produced steep summit cones a t  former c r a t e r  areas; and near  t h e  
end o f  each vo lcano 's  h i s t o r y ,  f i s s u r e  e r u p t i o n s  on f l a n k s  produced 
v e s i c u l a r  b a s a l t  t h a t  over lapped o l d e r  f lows.  
Belknap Hot Spr ings, examples o f  t h e  e a r l y  phases o f  High Cascade 
e rup t i ons  a r e  found a t  Mount Washington, Nor th  S i s t e r ,  t h e  Husband, 
Sphinx Bu t te ,  t h e  Wife, and Broken Top. 

I n  t h e  area eas t  o f  

G l a c i a l  e r o s i o n  has modi f ied t h e  shapes o f  a l l  these volcanos; 
t hey  a r e  reduced t o  exposed c e n t r a l  p ipes o r  p lugs and d i kes  o f  
o l i v i n e  m i c r o - n o r i t e ,  w i t h  hornshapes and r a d i a t i n g  r i d g e s  separated 
by c i r q u e s  as remnants of  t h e  former g r e a t  s h i e l d s .  P a r a s i t i c  cones 
o f  b a s a l t  and ash have been destroyed, b u t  a t t i t u d e s  o f  remnant rocks 
g i v e  evidence o f  t h e i r  former ex i s tence .  
t o  reveal  t h e  r e s i s t a n t  c r y s t a l l i n e  p lugs.  Some volcanos, l i k e  Black 
Crater ,  subsequent t o  e r o s i o n  were again m o d i f i e d  by recen t  e r u p t i o n s  
o f  c inde rs  and agglomerate. 

A l l  summit c r a t e r s  a r e  eroded 

The g l a c i a t e d  b a s a l t  and basal  t i c  andes i te  f l ows  and e r u p t i v e  
vents comprise t h e  o l d e s t  major u n i t  o f  t h e  High Cascade subprovince. 
Dips a r e  o r i g i n a l  s lope  of  despos i t i on ,  rang ing  from lo t o  3O i n  t h e  
f l u i d a l  f lows t o  30' where p y r o c l a s t i c  e j e c t a  and upturned f l ows  
surround c e n t r a l  p lugs. No d i s t i n , c t  break i n  t h e  e r u p t i v e  a c t i v i t y  
can be discerned, b u t  sometime i n  t h e  P le i s tocene  epoch, t h e  k i n d  and 
composi t ion of  e r u p t i o n s  changed i n  some places. I n  o t h e r  areas 
Wi l l i ams  (1957) proposed t h a t  no s i g n i f i c a n t  change occurred i n t o  
Holocene t ime. 

Dur ing t h e  P le i s tocene  epoch, l a r g e ,  s teep-s ided composite 
cones of  andes i te  and d a c i t e  were emplaced through and on t o p  o f  t h e  
o l d e r  s h i e l d  volcanos, as w e l l  as i n  depressions between them. 
S i s t e r  and t h e  western p a r t  o f  N o r t h  S i s t e r  a r e  s i t e s  where t h i s  
occurred. 
b u t  none have been mapped i n  t h e  v i c i n i t y  o f  t h e  McKenzie Va l l ey .  
The peak areas of  South and M idd le  S i s t e r s  were cons t ruc ted  j u s t  
a f t e r  t h i s  t ime  by a combinat ion of  b a s a l t  and b a s a l t i c  a n d e s i t e  
f l ows  and c inde rs .  

South 

In t racanyon b a s a l t s  were a l s o  e rup ted  d u r i n g  t h i s  t ime,  

1 0  
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Late P l e i s t o c e n e  and Holocene b a s a l t  and basal t i c  andesi tes 
erupted from v e n t s  on t h e  eastern f l a n k  o f  t h e  High Cascades and 
t h e  p l a t e a u  f u r t h e r  eastward, extending t o  a 10 t o  30 m i l e  wide 
band on t h e  e a s t  s i d e  o f  t h e  c r e s t .  However, except f o r  t h e  peak 
areas o f  South and M i d d l e  S i s t e r s ,  younger PJeistocene t o  Holocene 
lavas  do n o t  e x i s t  c l o s e r  than 18 m i l e s  f rom Belknap Hot Spr ings. 

The u n i t  which Wi l l i ams  (1957) has c a l l e d  Youngest B a s a l t i c  
Flows and Related Cinder Cones, and which a r e  u n g l a c i a t e d  lavas,  
occupies an e x t e n s i v e  and s i g n i f i c a n t  p a r t  of t h e  area eas t  and 
n o r t h  o f  Belknap Hot Spr ings. 
w i t h  c i n d e r  cones a t  Belknap Crater ,  Twin Craters ,  and n i n e  o t h e r  
nameless vents,  e x i s t  w i t h i n  10 m i l e s  o f  t h e  h o t  spr ings.  
f e a t u r e s  a r e  found a t  Yapoah Crater  and C o l l i e r  Cone, 2 m i l e s  south 
o f  McKenzie Pass. 
Nash Crater ,  Sand Mountain, Belknap C r a t e r  and L i t t l e  Belknap; these 
vents  a r e  p a r t  o f  a c h a i n  o f  vents a l i g n e d  a long  a N-S f i s s u r e  o r  
f i s s u r e  s e t .  A t  C o l l i e r  Cone and Sims Bu t te ,  near Nor th S i s t e r ,  a 
f l o w  o r i g i n a t e d  t h a t  extended f o r  a t  l e a s t  15 m i l e s  down White Branch; 
o t h e r  f l o w s  were e rup ted  from near LeConte C r a t e r  south o f  South S i s t e r .  
These f l o w s  a r e  remarkable f o r  t h e i r  v e r y  f resh appearance. Ropy c r u s t s ,  
l a v a  tubes, pressure r i d g e s  and o t h e r  v e r y  y o u t h f u l  f ea tu res  a r e  ev iden t .  
The s u r f a c e  i s  g e n e r a l l y  pahoehoe. 
r e d  c o l o r a t i o n  by f u m a r o l i c  a c t i v i t y .  T a y l o r  r e p o r t s  age dates f rom 
3,000 t o  1,500 y.b.p. f o r  most of t h e  Belknap lavas .  
western Belknap f lows were dated a t  3602 160 years b.p. by rad ioca rbon  
d a t i n g  o f  t r e e  r o o t s  burned by t h e  f lows.  

About 40 square m i l e s  o f  t h i s  l ava ,  

S i m i l a r  

B lack  b a s a l t  erupted about 1,000 years ago f rom 

The v e n t  of L i t t l e  Belknap e x h i b i t s  

Some o f  t h e  

Two smal l  domes composed o f  d a c i t e  o b s i d i a n  f lows, near t h e  south 
s lope  o f  South Sister,  may be younger than t h e  Bel knap f lows.  The two 
domes a r e  t h e  o n l y  a c i d i c  l avas  o f  l a t e  Quaternary age i n  t h e  reg ion .  
S i m i l a r  v e r y  yough fu l  r h y o l i t e  and d a c i t e  bodies a r e  assoc ia ted  w i t h  
thermal areas a t  Lassen Peak, Medicine Lake, Newberry Caldera and p o s s i b l y  
o t h e r  p laces i n  t h e  High Cascades. 

High Cascades. He would p lace  a l l  High Cascades volcanism w i t h i n  t h e  
l a s t  1.5 m i l l i o n  years,  and p lace  a l l  r ocks  mapped as o l d e r  and c l o s e r  
t o  t h e  Western Cascade boundary i n t o  t h e  Western Cascade subprovince. 
He has a l s o  i d e n t i f i e d  t h r e e  g l a c i a l  stages f rom study o f  moraines, and 
has u t i l i z e d  carbon dates of m a t e r i a l  f rom t h e  moraines and assoc la ted  
ash d e p o s i t s  t o  e s t a b l i s h  t h e  l a t e s t  g l a c i a t i o n  a t  2,500 y.b.p. 
o f  t h e  l a t e s t  Wi-sconsin i c e  reached j u s t  t o  Belknap Hot Spr ings. 

T a y l o r  has been accompl ish ing d e t a i l e d  mapping and sampl ing o f  t h e  

A tongue 
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P1 iocene- lower P le i s tocene  v o l c a n i c  rocks.  The P1 iocene- lower 
P le i s tocene  v o l c a n i c  rocks,  which a r e  h e r e i n  considered t o  be t h e  
e a r l y  e r u p t i v e s  o f  t h e  High Cascade vo l can ics ,  c o n s i s t  o f  a p h a n i t i c  
t o  p o r p h y r i t i c  basal t s  and basal  t i c  andesi tes , w i t h  associated pyro- 
c l a s t i c  rocks  and l a h a r s  near  apparent ven t  areas. O l i v i n e  and 
p l a g i o c l a s e  commonly a r e  p resen t  as phenocrysts.  

Phys iographica l  l y ,  t h e  l avas  o f  t h i s  sequence form e r o s i o n a l l y  
r e s i s t a n t  r i d g e  c r e s t s  i n  t h e  Western Cascades, which i n  many places 
d i s p l a y  a s l i g h t  d i p  t o  t h e  west. 
Nor th  Santiam R ive rs  t h e  d i s t r i b u t i o n  of these l a v a s  suggest s l i g h t  t o  
moderate d i p  t o  t h e  eas t  ( p l a t e  2) .  

However, i n  t h e  upper McKenzie and 

An open system o f  c o o l i n g  f r a c t u r e s ,  combined w i t h  v e r y  l i m i t e d  
a l t e r a t i o n ,  makes t h e  l avas  o f  t h i s  sequence an e x c e l l e n t  a q u i f e r .  
However, t h i s  a q u i f e r  system serves fundamenta l ly  t o  recharge me teo r i c  
water  i n t o  t h e  deepergroundwater system. Spr ings i s s u i n g  from these 
rocks c h e m i c a l l y  a r e  y o u t h f u l  and a r e  i n  e q u i l i b r i u m  w i t h  su r face  tem- 
pe ra tu re  c o n d i t i o n s .  

P l e i s t o c e n e  v o l c a n i c  rocks.  The P le i s tocene  v o l c a n i c  rocks 
a r e  predominant ly  lavas,  rang ing  from p o r p h y r i t i c  o l i v i n e  and o l i v i n e -  
p l a g i o c l a s e  basa l t s ,  commonly d i k t y t a x i t i c ,  t o  p o r p h y r i t i c  p l a g i o c l a s e  
andesi tes.  Near Major composite v o l c a n i c  vents,  t h i c k  accumulations 
o f  p y r o c l a s t i c  deposi ts ,  au tob recc ia ted  l ava ,  a g g l u t i n a t e s  and l a h a r s  
a r e  common. Inc luded  i n  t h i s  sequence a r e  t h e  e x t e n s i v e  l avas  forming 
t h e  base o f  t h e  High Cascade p l a t f o r m ,  and t h e  v o l c a n i c  peaks o f  t h e  
High Cascades. 

The l a v a s  and p y r o c l a s t i c  deposl’ts o f  t h i s  sequence have under- 
gone v e r y  l i t t l e  a l t e r a t i o n ,  and a r e  h i g h l y  permeable t o  groundwater 
i n f i l t r a t i o n .  I n  s p i t e  o f  p r e c i p i t a t i o n  t h a t  l o c a l l y  exceeds 60 and 
even 80 inches annual ly ,  s u r f a c e  run -o f f  i s  moderate t o  low, w i t h  a h i g h  
percentage o f  p r e c i p i t a t i o n  d i r e c t l y  e n t e r i n g  i n t o  t h e  groundwater 
system. 
t h e  deeper h y d r o l o g i c  system. 

As such, these v o l c a n i c  rocks p r o v i d e  e x c e l l e n t  recharge i n t o  

Holocene v o l c a n i c  rocks.  This  u n i t  i s  separated from o t h e r  
Quar te rna ry  v o l c a n i c  rocks o n l y  t o  demonstrate t h e  occurrence and d i s -  
t r i b u t i o n  o f  t h e  most r e c e n t  vo lcanism w i t h i n  t h e  s tudy  area. The rocks 
a r e  predominant ly  t h i n  f low and au tob recc ias  of  p o r p h y r i t i c  o l i v i n e  
b a s a l t  and basal  t i c  andes i te  , 1 a c k i  ng developed s o f l  sur faces.  
i n c l u d e d  a r e  t h e  c i n d e r  cones mark ing t h e i r  e r u p t i v e  sources. Vent 
d i s t r i b u t i o n  i s  g e n e r a l l y  l i n e a r ,  and l o c a t i o n  of t h e  flows i s  c o n t r o l l e d  
i n  t u r n  by v e n t  l o c a t i o n s  and topography. 
h i g h l y  f r a c t u r e d  t o  rubb ly .  
area, these a r e  e x c e l l e n t  aqul’fers. 

A1 so 

P h y s i c a l l y ,  t hey  commonly a r e  
L i k e  o t h e r  Qua te rna ry  l a v a s  w i t h  the  s tudy  

1 2  
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STRUCTURE 

P e r s i s t e n t ,  l i n e a r ,  ven t  p a t t e r n s  have been observed through- 
o u t  t h i s  r e g i o n  i n  a l l  rocks from m i d d l e  T e r t i a r y  Western Cascades 
t o  t h e  most y o u t h f u l  High Cascades c i n d e r  cones o f  Holocene age. The 
c o n t r o l 1  i ng systems o f  f a u l t s  and/or f r a c t u r e s  a r e  i n v a r i a b l y  a1 igned 
N-S. None o f  t h e  l ineaments t r a n s e c t s  t h e  most y o u t h f u l  f lows,  a l though 
Tay lo r  has observed c o i n c i d e n t a l  a1 ignments of vege ta t i on  p a r a l l e l  t o  
t h e  f r a c t u r e s  i n  o l d e r  f lows.  He assoc ia tes  t h e  v e g e t a t i o n  abundance 
w i t h  abundant groundwater and w i th  depressions where s o i l  and pumice 
have accumulated. 
t r e n d  o f  t h e  Cascade Mountains. However, t h e  sequence o f  e r u p t i o n s  
appears t o  move w i t h  t i m e  from NW t o  SE and t h e  magmas which s u p p l i e d  
t h e  e r u p t i o n s  may have been a f f e c t e d  by a deeper-seated s t r u c t u r a l  t rend.  
T a y l o r  suggested a NW t rend ,  o b l i q u e  t o  t h e  Cascades, c u t t i n g  across the  
High Cascades i n  t h e  v i c i n i t y  o f  t h e  Three S i s t e r s  and c o n t i n u i n g  SE 
toward Newberry Caldera. 
l i n e s  can be drawn t o  connect v o l c a n i c  cen te rs  of  f o u r  ages: ( 1 )  Oligocene 
andes i te  o f  t h e  L i t t l a e  B u t t e  Vo lcan ic  Ser ies;  ,(2) Ol igocene t o  e a r l y  
Miocene b a s a l t  o f  t h e  L i t t l e  B u t t e  Vo lcan ic  Ser ies;  ( 3 )  Miocene d a c i t e  
and andes i te  o f  L i t t l e  B u t t e  Volcanic  Ser ies and Sardine Formation; (4) 
Pl iocene and Qua te rna ry  rocks o f  t h e  High Cascades. They see t h e  cen te r  
o f  volcanism as hav ing  migrated nor thward and eastward, w i t h  channel iza- 
t i o n  o f  ascending magmas o c c u r r i n g  a long  deep f r a c t u r e  zones (see f i g u r e  2).  

The l ineaments o r  j o i n t  s e t s  a r e  p a r a l l e l  t o  t h e  main 

Peck, e t  a1 . (1964) have proposed a l s o  t h a t  

Rocks of  t h e  Western Cascades g e n e r a l l y  d i p  t o  t h e  NE. Dips on 
d i f f e r e n t  beds, and i n  d i f f e r e n t  p a r t s  o f  t h e  area, range f rom a few 
degrees t o  as much as 35'. 
l i m b  o f  t h e  B re i tenbush  A n t i c l i n e ,  which i s  a gen t le ,  nor th-p lunging,  
easternmost, r e g i o n a l  f o l d  of an en echelon s e r i e s  o f  f o l d s  i n  t h e  Western 
Cascades. The western l i m b  o f  t h e  Bre i tenbush A n t i c l i n e  d i s p l a y s  t h e  
s teepest  d i p s  i n  the area; 30' t o  50' westward. 
Formation e x h i b i t  gent1 e a n t i c 1  i nes and sync1 i nes . 

a r e  v a r i a b l e  i n  d i r e c t i o n  as w e l l  as i n  i n c l i n a t i o n .  They g e n e r a l l y  
rep resen t  t h e  o r i g i n a l  s lopes a l o n g  which t h e  l avas  poured. Near Smith 
Reservoir ,  however, - t h e  High Cascades rocks have g e n t l e  d i p s  t o  t h e  NE, 
i n  concordance wi th  t h e  u n d e r l y i n g  Western Cascades. 

The d i p s  most probably  r e p r e s e n t  t h e  eas te rn  

Some beds i n  t h e  Sardine 

The rocks of  t h e  High Cascades a r e  undeformed, and t h e i r  s lopes 
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Figure 2 .  Diagrammatic representat ion o f  f l o w  pat terns  o f  cool a n d  thermal waters i n  the  Western Cascades/ 
H i  g h  Cascades Region, Oregon. 
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Major  f o l d s  p a r a l l e l  t h e  p r i n c i p a l  Cascadian a x i s .  F o l d i n g  
pre-dated e x t r u s i o n  o f  High Cascades lavas .  
o f  t he  c r u s t  occu r red  i n  t h e  area 100 m i l e s  t o  t h e  n o r t h  from about 
10 m i l l i o n  years ago t o  about 2 m i l l i o n  years ago, f o l l o w e d  by s low 
r i s i n g  o f  as much as 8,000 feet,  t h e  Cascades i n  t h e  Santiam-McKenzie 
area have recorded o n l y  t e c t o n i c  downwarp, w i t h  e l e v a t i o n  p r i n c i p a l l y  
dependent upon accumulat ion o f  l a v a s  r a t h e r  than upon t e c t o n i c  r e -  
bound. Downwarp f o l l o w e d  by l i m i t e d  upwarp would r e s u l t  i n  t h e  
s t r u c t u r e  observed i n  t h e  Cascades, w i t h  t h e  Western Cascades format ions 
d i p p i n g  t o  t h e  east .  The area o f  s tudy  must have subsided, i f  a s l i c e  
o f  c r u s t  was subducted below i t  and g r e a t  volumes o f  e r u p t i v e  m a t e r i a l  
were ext ruded a t  t h e  same t ime. 

Al though slow s i n k i n g  

Much o f  t h e  boundary zone between t h e  Western and High Cascade 
prov inces i s  obscured by Quaternary volcanism and by Holocene g l a c i a l  
and l a c u s t r i n e  depos i t s .  Po r t fons  o f  t h e  boundary zone, such as a long 
t h e  upper McKenzie River ,  a r e  marked by a wel l -developed N-S t rough. 
Normal f a u l t i n g  w i t h  downdropping t o  t h e  east,  such as observed i n  the  
Bre i tenbush and McKenzie R i v e r  areas, has been viewed as evidence f o r  
a graben a l o n g  t h e  eas te rn  p o r t i o n  o f  t he  s tudy area. 
( 1  974), R o l l  i n s  (1  976) and o t h e r s  have found n o r t h - t r e n d i n g  normal 
f a u l t s  i n  t h i s  same boundary area w i t h  downdropping t o  t h e  west. 
t h e  area west of  M t .  Jef ferson shows l i t t l e  evidence o f  f a u l t s  o f  any 
s i g n i f i c a n t  o f f s e t .  
boundary where r e l i a b l e  a t t i t u d e s  c o u l d  be taken, t h e  T e r t i a r y  vo l can ic  
sequences appear t o  be d i p p i n g  t o  t h e  east.  
s t r u c t u r a l  subsidence has been found t o  be l o c a l i z e d  and r a t h e r  c i r c u l a r ,  
r a t h e r  than  fo rm ing  p a r t  of a n o r t h - t r e n d i n g  t rough  (Beeson et c., 1979). 
These data suggest s t r u c t u r a l  f l exu res  a long  t h e  Western/High Cascade 
boundary, man i fes ted  i n  e a s t - d i p p i n g  monoclines. L o c a l l y  t h e  f l e x i n g  
appears t o  have been severe enough t o  have r e s u l t e d  i n  normal f a u l t i n g .  
The r e l a t i o n s h i p  between f l e x i n g  a long  t h e  Western/High Cascades boundary 
and u p l i f t i n g  i n  t h e  Western Cascades i s  unc lea r  a t  t h i s  t i m e .  

However, Hammond 

Fur ther ,  

I n  t h e  few places a long t h e  Western/High Cascades 

I n  t h e  M t .  Hood area, 

I n t e n s e l y  eroded e a s t - t r e n d i n g  f e a t u r e s  a r e  present  i n  t h e  McKenzie, 
Nor th  Santiam and Bre i tenbush R i v e r  areas. 
f l ows  i n  two o f  these zones suggest t h a t  these a r e  P le i s tocene  phenomena. 
I t i s  q u i t e  p o s s i b l e  t h a t  t hese  e r o s i o n a l  f e a t u r e s  rep resen t  major 
s t r u c t u r e s  t h a t  con t inue  eastward through t h e  High Cascades, and t h a t  
p o s s i b l y  a r e  s t i l l  a c t i v e ,  a t  l e a s t  l o c a l l y .  

Quaternary High Cascade l a v a  
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Evidence of Holocene s t r u c t u r a l  weaknesses i n  the  High Cascade 
province is  seen i n  the Santiam and McKenzie River areas  a s  alignments 
of very young c inder  cones. 
w i t h  Sco t t  Mountain and Sand Mountain. 
alignments i s  tensional  s t r a i n  along the  c r e s t  of t he  u p l i f t e d  H i g h  
Cascade block. However, t he re  is  no sur face  evidence f o r  o f f s e t  o r  
ground rupture. 
the  process of erupt ion should be considered a s  a continuing phenomenon. 

The most obvious of these a r e  assoc ia ted  
A possible  cause f o r  these  

The erupt ive  centers  themselves a r e  unglaciated,  and  
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I 
I GEOPHYSICS 

In addi t ion  t o  previous geophysical work described i n  the e a r l i e r  
GeothermEx repor t s  (1973, 1977, 1980),  the Oregon S t a t e  University 
geophysics group has recent ly  completed both a regional aeromagnetic 
survey and a regional gravi ty  survey, which cover the south end of  the 
Santiam Prospect. 
1980, and the following r e s u l t s  were found. 

These two surveys were discussed i n  Brown, -- e t  a l . ,  

The regional aeromagnetic survey showed a c lose  correspondence 
between magnetic highs and topographic h i g h s  i n  the  Bel knap-Foley area.  
Younger ri dge-cappi n g  vol canics bel ongi n g  t o  the  High  Cascades sequence 
have higher proportions of magnetically suscept ib le  lavas  than the  
ol der  Western Cascades 1 avas (Brown, -- e t  a1 . , 1980). Thus aeromagneti c 
surveys may help def ine the High  Cascades/Western Cascades boundary. A n  
i n t e rp re t a t ion  by Couch and Connard ( i n  Brown -- e t  a l . ,  1980) suggests a 
possible  f a u l t  downdropped on the e a s t  s ide .  
point (60OoC o r  1,112OF isotherm) i s  estimated t o  be g rea t e r  on the west 
s ide than on the  e a s t  s ide  of the  f a u l t .  

The depth t o  the  Curie 

The regional grav i ty  survey showed a s teep  gravi ty  gradient  coinci-  
dent w i t h  the  Western Cascades/High Cascades t r a n s i t i o n  zone, and a l so  a t  
the loca t ions  of the thermal spr ings .  The larger  anomalous area may be 
in te rpre ted  e i t h e r  a s  a l a rge  graben-bounding f a u l t  zone downdropped on 
the  e a s t  s ide ,  an area o f  shallow s i l i c i c  i n t rus ives ,  or  a combination 
of both (Brown, -- e t  a l . ,  1980). 
1:250,000 s c a l e  have been reproduced on f igure  3. 
obtained from the  gradient  hole data  have been superimposed onto the  
aeromagnetic and gravi ty  contours.  
lows w i t h  g r av i ty  lows and heat flow h i g h s  i n  the  v i c i n i t y  of Belknap 
Hot  Springs and Foley H o t  S p r i n g s .  
t h a t  the  heat flow contours a l s o  extend westward i n  th is  region. The 
aeromagnetic and gravi ty  data d i d  not extend north of the  Lane and L i n n  
County boundary . 

The geophysical contour maps a t  
Heat flow contours 

There i s  a coincidence of aeromagnetic 

T h e  E-W t r e n d  i n  t h i s  area may ind ica t e  

A summary of regional seismic studies performed by the U.S. 
Geological Survey was presented a t  the 1981 Cascades Conference 
(Geothermal Resources Council, 1981) by Craig Weaver. He s t a t e d  t h a t  
the  Oregon Cascades range i s  near ly  aseismic w i t h  the exception of M t .  
Hood. 
b u t  t h a t  the  Oregon Cascades shows good geothermal po ten t i a l ,  expecial ly  
when compared with the  Washington Cascades and British Columbia. 

He explained t h a t  p l a t e  shear  i s  b e i n g  aseismical ly  accommodated 
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F I G U R E  3. Aeromagnetic and residual grav i ty  with superimposed h e a t - f  low, 

south S a n t i a m  Prospect ,  Oregon ( f rom Brown et d., 1980). 
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I f  SUNEDCO does n o t  a l ready  possess deep r e s i s t i v i t y  data,  t h e r e  
i s  some value i n  o b t a i n i n g  t h i s  t ype  o f  geophysical  coverage, espe- 
c i a l l y  f o r  i l l u m i n a t i n g  dee.p s t ruc tu re .  Deep r e s i s t i v i t y  E-W p r o f i l e s  
u s i n g  d i p o l e - d i p o l e  techniques w i l l  h e l p  c o n s t r u c t i o n  of a geo log ica l  
c ross  sec t ion ,  perhaps showing t h e  ac tua l  con tac t  zone o f  t h e  High 
CascadesjWestern Cascades sequences th rough t h e  no r the rn  and southern 
ends o f  t h e  Sant iam prospect .  

i 
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HYDROLOGICAL R E G I M E  

Surface Water 

The area i s  d r a i n e d  by t h e  McKenzie and Santiam R ive r ,  bo th  
t r i b u t a r i e s  o f  t h e  W i l l a m e t t e  R ive r .  P r i n c i p a l  t r i b u t a r i e s  o f  t h e  
McKenzie a r e  B lue  R ive r ,  Smith R iver ,  Deer Creek, White Branch, 
Horse and Separa t i on  Creeks. 
o f  Belknap l a v a  f lows i n t o  the  Santiam R ive r .  A l l  d ra inage en ters  t h e  
Wi l l amet te  about  60 m i l e s  west o f  Belknap Hot Spr ings. 
stream g r a d i e n t  exceeds 25 f e e t  per  m i l e .  

Hackleman Creek d ra ins  p a r t  o f  t h e  area 

The average 

The dra inage area o f  t h e  McKenzie R i v e r  near McKenzie B r idge  
i s  about 350 square m i l e s .  Mean d ischarge a t  McKenzie B r idge  a n n u a l l y  
i s  about 2,000 second-feet.  Th is  t r a n s l a t e s  i n t o  about 1,200,000 acre- 
f e e t  per  yea r .  The upper course o f  t h e  McKenzie R i v e r  has been dammed 
7 m i l e s  n o r t h  o f  Belknap Hot Spr ings as p a r t  o f  t h e  EWEB power system. 
Smith R i v e r  has been dammed f o r  t h e  same purpose 10 m i l e s  n o r t h  o f  t h e  
sp r ings .  

Groundwater 

Stearns ( 1 9 2 9 )  descr ibed groundwater i n  t h e  upper McKenzie Val lev 
i n  terms o f  su r face  r u n - o f f  r e l a t e d  t o  p r e c i p i t a t i o n  and s p r i n g  f low.  
He es t imated t h a t  50 percent  o f  annual p r e c i p i t a t i o n ,  o r  over  60,000 
ac re - fee t ,  appears as s p r i n g  f l o w  i n  t h e  McKenzie bas in ,  and t h a t  75 
percent  o f  p r e c i p i t a t i o n  on t h e  l a v a  beds eas t  o f  Belknap Hot Spr ings 
reaches t h e  water t a b l e .  Cavernous aa segments o f  t h e  recent  f lows are  
e s p e c i a l l y  permeable and serve as condu i t s  f o r  f l o w  i n t o  sha l low aqu i -  
f e r s .  Many o f  t h e  creeks (Deer, S m i t h ,  Boulder, Sco t t ,  e t c . )  a r e  
s p r i n g  fed  and t h e r e f o r e  some f l o w  i s  reasonable dependable throughout 
t h e  year, a l t hough  low-water pe r iods  occur. 

~ . .  

Smith (1938) reasoned t h a t  t h e r e  was a separa t i on  o f  groundwater 
i n t o  d i f f e r e n t  regimes, i n  which deep c i r c u l a t i o n  f e d  t h e  severa l  h o t  
sp r ings  o f  t h e  area, and shal low, c o l d  c i r c u l a t i o n  appeared i n  t h e  h i g h e r  
s t r a t a  and t h e  v a l l e y  a l l uv ium.  
i n g  h o t  gases o r  c o n v e c t i v e  water  f low i n t o  f r a c t u r e s ,  o r  both, cannot 
be determined on  t h e  bas i s  of e x i s t i n g  data.  

Whether h o t  sp r ings  r e s u l t  from ascend- 

I 
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R a i n f a l l  has been observed t o  i n f i l t r a t e  r a p i d l y  i n t o  f r a c t u r e d  
e r u p t i v e  rocks  i n  t h e  area, e s p e c i a l l y  i n  t h e  P le i s tocene  and Holocene 
v o l c a n i c  High Cascades zone. The shal low s o i l  cover,  t oge the r  w i t h  
pumiceous m a t e r i a l ,  a s s i s t s  i n f i l t r a t i o n ,  a f t e r  which water moves i n  
f r a c t u r e s  and a long s t r a t a  boundaries downslope and discharges from 
many sp r ings  on t h e  w a l l s  o f  stream canyons. 

S p r i n g  f l o w  i s  e s p e c i a l l y  p rod ig ious  i n  t h e  w a l l s  o f  t he  upper 
McKenzie R i v e r  v a l l e y .  The wa te r tab le  s lopes steep1.y westward, from 
t h e  peaks o f  t h e  High Cascades t o  t h e  Belknap and L i t t l e  Belknap l a v a  
p la teaus ,  thence from t h e  boundary o f  t he  Western Cascades t o  t h e  
Wi l l amet te  R iver .  The coo l  groundwater o f  t h e  r e g i o n  r a t h e r  con- 
s i s t e n t l y  averages 5OoF i n  temperature. 

I t  may be concluded on t h e  bas i s  o f  t h e  incomple te  i n f o r m a t i o n  
t h a t  i f  a thermal r e s e r v o i r  e x i s t s  northeastward o f  Belknap Hot 
Spr ings, g r e a t  amounts O f  water are a v a i l a b l e  f o r  recharge. Fu r the r ,  
t h e  deep canyons o f  t h e  Western Cascades probab ly  do n o t  d r a i n  much o f  
t h e  f l u i d  mass from t h e  r e s e r v o i r ;  t h e  ho t  sp r ings  o f  t h e  reg i3n  do 
n o t  have much f l o w  i n  comparison t o  recharge and r u n o f f  records. 
(Belknap, Cougar, Foley, Deer p o s s i b l y  t o t a l  200 g a l l o n s  per  minute.) 
A s i g n i f i c a n t  amount o f  t h e  deep, ho t  c i r c u l a t i o n  probab ly  i s  d i s -  
persed i n  t h e  cool  groundwater west o f  t h e  boundary o f  t h e  Western 
Cascades and no t  show up because o f  extreme d i l u t i o n .  

Thermal Spr ings  

Belknap and Deer Creek Hot Spr ings appear t o  d ischarge a long  no r th -  
t r e n d i n g  f a u l  t s  ; Fol ey Hot S p r i  ngs a r e  n o t  assoc ia ted  w i t h  recognized 
f a u l t s .  A l l  a r e  l o c a t e d  a long  t h e  Western Cascades/High Cascades bound- 
a r y  zone. The c a l c u l a t e d  geothermometry temperatures f rom Na-K-Ca and 
SiO2, a l t hough  rang ing  up t o  226OC, c l u s t e r  around 100°C, i n d i c a t i n g  a 
low temperature resource  ( f i g u r e  4). R.H. Mar ine r  (1980 U.S. Geolog ica l  
Survey Cascades Conference, Menlo Park, C a l i f . )  s t a t e d  t h a t  s u l f a t e  
geothermometry may g i v e  more accura te  es t imates  than  a l k a l i  and quar t z  
geothermometry. He es t ima ted  a source temperature rang ing  from 15OOC t o  
200°C f o r  Bel knap-Foley system, u s i n g  s u l f a t e  geothermometry. 

Belknap Hot Spr ings a r e  l o c a t e d  a long  t h e  n o r t h  shore of  t h e  McKenzie 

The amorphous q u a r t z  (chalcedony] temperature 

R iver ,  d i s c h a r g i n g  approx ima te l y  75 gpm a t  75OC (167OF) from s i l i c i f i e d  
v o l c a n i c  b recc ia .  
qua r t z  temperature i s  135OC. 
i s  107OC. 
by t h e  4/3 c a l c u l a t i o n .  
a range i n  base r e s e r v o i r  temperature o f  80' t o  145OC and an average 

The c o n c e n t r a t i o n  of S i 0 2  i s  96 mg/l.  The conduct ive  

The a l k a l i  (Na-K-Ca) temperature i s  114OC by t h e  1 /3  and 82OC 
From these f igures ,  t h e  U.S.G.S. has es t ima ted  
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reservoi r  temperature of 1 4 O o C ,  between 0.5 and 1.5 km depth. 
from Belknap Spring i s  s l i g h t l y  a1 kal ine (ph=7.6) sodium-calcium 
chlor ide type (Na=690 mg/l , Ca=210 mg/l , K=l5 mg/l , C1=1,300 mg/l , 
So4=170 mg/l , and HC03=17 mg/l ). 
deep water this represents ,  b u t  the  s p r i n g  appears t o  represent leak- 
age downstream from an erosional o r  s t r u c t u r a l  break i n  a deep-seated 
aqui fe r .  

s i l i c i f i e d  breccia i n  upper Western Cascades s t r a t a .  
may be cont ro l led  by combination of  f r a c t u r e  zones near the province 
boundary and deep erosion by the McKenzie River. 
69 mg/l . Conductive quartz temperature i s  about 115OC a n i  amorphous 
quartz temperature i s  about 85OC. 
Na=540 mg/l , Ca=188 mg/l , K=16 mg/l , Cl=l ,148 mg/l and S02=102 mg/l ; 
HC03 is  not  reported.  

of the  McKenzie River. 
from coarse volcanic breccia.  
quartz temperature i s  about l l l °C and amorphous quartz  temperature is 
about 82OC. The water i s  sodium-calcium chlor ide  type (Na=475 mg/l, 
Ca=494 mg/l , k=ll  mg/l , C1=1,304 mg/l , SO4=55O mg/l , and HCO3 i s  not 
known). 

Water 

I t  i s  not  known what percentage of 

Dear Creek Spring flows 2 gpm a t  approximately 7OoC (158OF) from 
The s p r i n g  loca t ion  

The Si0  content i s  

The water i s  sodium chlor ide,  w i t h  

Foley Hot S p r i n g s  a r e  located near the Horse Creek, 3 miles south 

Conductive 
The flow i s  approximately 25 gpm a t  79OC (174OF), 

The S i 0 2  content  i s  60 m g / l .  
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TEMPERATURE GRADIENTS 

The t h i r t e e n  ho les  d r i l l e d  f o r  SUNEDCO a t  Santiam prospec t  were 
completed a f t e r  d r i l l i n g  t o  t o t a l  depth b.y i n s t a l l i n g  a one- inch i r o n  
grad ie f i t  p i p e  w i t h  a p lugged bottom, which was cemented i n  p lace  near 
t h e  surface, f i l l e d  w i t h  water,  capped and locked. Temperature 
measurements were made w i t h  Envi r o l  abs Model DT-201 P,, d i g i t a l  t h e r -  
mometer d u r i n g  t h e  f o l l o w i n g  t ime pe r iods  by a GeothermEx g e o l o g i s t :  
November 22 and 23, 1980, January 14 and 15 ,  1981, February 12 and 13, 
1981, and June 26 and 27, 1981. A l l  o f  t h e  holes,  w i t h  t h e  excep t ion  
o f  A10 and A14 ,  were abandoned on June 26 and 27, 1981, accord ing  t o  
procedures o u t l i n e d  by t h e  Sweet Home Ranger D i s t r i c t  o f f i c e  o f  t h e  
U.S.F.S. Fo res t  Serv-ice personnel were i n v i t e d  t o  observe abandon- 
ment, bu t  dec l ined.  Ho le  A10 was i n a c c e s s i b l e  due t o  l o g g i n g  opera- 
t i o n s ;  t h e  g r a d i e n t  p i p e  i n  ho le  A14 cou ld  n o t  be found, a l though t h e  
s i t e  was cleaned and r e s t o r e d  by t h e  g e o l o g i s t .  

Temperatures were measured and recorded a t  10 f o o t  i n t e r v a l s  a s  
t h e  t h e r m i s t o r  probe was lowered i n t o  t h e  hole.  Th is  data i s  pre-  
sented i n  Appendix B. A summary o f  f i n a l  temperature p r o f i l e s  appears 
on f i g u r e  5. Temperatures a t  4OO-focit depth i n t e r v a l s  have been con- 
tou red  on p l a t e  3. Thermal and l i t h o l o g i c  da ta  a l s o  are shown on 
topograph ic  p r o f i l e s  on p l a t e  4. F o l l o w i n g  t h i s  d i scuss ion  i s  a ho le -  
by-hole summary which re1 a tes  temperatures t o  geology and hydrology. 

The h i g h e s t  tempera ture  observed i n  t h e  ho les  d r i l l e d  f o r  SUNEDCO 
i n  t h e  Santiam prospec t  was 66.2"F a t  502 f e e t ,  i n  ho le  80-5. Two 
o t h e r  ho les  had maximum temperatures i n  t h e  5O"-6O0F range: h o l e  A l l  
measured 59.7"F a t  464 f e e t ,  and ho le  A7 measured S3.2"F a t  489 fee t .  
These ho les  were l o c a t e d  on t h e  west s ide  o f  t h e  n o r t h - t r e n d i n g  f a u l t  
and f r a c t u r e  zones, i n  t h e  reg ion  o f  t h e  Western Cascades/High 
Cascades con tac t  zone. Holes A l l  and A7 were l o c a t e d  i n  t h e  n o r t h e r n  
area, near Sand Mountain, w h i l e  h o l e  5 was l o c a t e d  j u s t  west of Fo ley  
Hot Springs. The remain ing  ho les  showed very  low hottom-hole tem- 
pera tures ,  between 36.9OF and 46.9OF were measured i n  t h e  remaining 
ho les  which were l o c a t e d  a long  t h e  eas te rn  s i d e  o f  t h e  n o r t h - t r e n d i n g  
f a u l t s ,  i n  very permeable H igh  Cascade v o l c a n i c  rocks i n  which g rea t  
amounts o f  coo l  groundwater i s  moving. 

The ho les  showing t h e  h ighes t  bottom-hole temperatures were a l s o  
t h e  holes w i t h  t h e  h i g h e s t  temperature grad ien ts .  Hole A l l  had t h e  
h i g h e s t  average temperature g rad ien t ,  w i t h  7.2"F/lOO f e e t  between 370 
f e e t  and 460 f e e t  depths. 
f e e t  and 500 fee t ,  w h i l e  Hole A7 showed a g r a d i e n t  o f  3.Z0F/1O0 f e e t  

Hole 80-5 showed 5.Z0F/1O0 f e e t  between 250 
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between 300 f e e t  and 460 f e e t .  Regional average temperature g rad ien ts  
range between 3.3' t o  3.8'F/100 f e e t ;  o n l y  two o f  t h e  SUNEDCO holes 
were above r e g i o n a l  average. Hole A19, had an average g r a d i e n t  o f  
3.3'F/100 f e e t  between 70 f e e t  and 130 f e e t ,  a l t hough  t h e  bottom-hole 
temperature was o n l y  43.9'F a t  135 f e e t  depth. The remaining holes 
showed temperature g rad ien ts  ranging from 2.O0F/1O0 f e e t  t o  reve rsa l s .  
These a re  c l e a r l y  i n  c o l d  recharge zones. 

Maximum temperatures i n  t h e  in termediate-depth DOGAMI and EWEB 
holes (Appendix B )  were h ighe r  than f o r  t h e  SUNEDCO holes. 
reached 87.9'F a t  1,935 f e e t ,  and EWEB-1 reached 77.1'F a t  700 fee t .  
Both o f  t h e  i n te rmed ia te -dep th  w e l l s  were d r i l l e d  near t h e  major 
n o r t h - t r e n d i n g  f a u l t s  marking t h e  Western Cascades/High Cascades boun- 
dary. 
reversed and i so the rma l  g r a d i e n t  t o  787 f e e t  depth. The g r a d i e n t  then 
rose s teep ly ,  averaging 4.O0F/1O0 f e e t ,  t o  87.9'F a t  1,935 f e e t .  
h i g h  g r a d i e n t  i n  t h i s  h o l e  below an isothermal  and reversed g r a d i e n t  
has p o s i t i v e  i m p l i c a t i o n s  f o r  t h e  area a long t h e  eas t  s i d e  o f  t h e  
f a u l t .  The EWEB-1 h o l e  was d r i l l e d  f u r t h e r  south, i n  young u n a l t e r e d  
b a s a l t  f l o w s  dated a t  approx imate ly  3,000 years o f  age. Th is  h o l e  was 
on t h e  west s i d e  o f  t h e  f a u l t  and showed a constant  h i g h  temperature 
g r a d i e n t  o f  5.6'F/100 f e e t  t o  650 f e e t  depth, reaching a maximum tem- 
p e r a t u r e  o f  77.1'F. The g r a d i e n t  then reversed, became isothermal  and 
rose again near  t h e  bottom o f  t h e  hole. B lackwe l l ,  i n  Youngquist 
(1980) s t a t e d  t h a t  t h i s  g r a d i e n t  p r o f i l e  i s  i n d i c a t i v e  o f  l a t e r a l  f l o w  
o f  warm water  a long  an a q u i f e r  between 656 f e e t  and 722 f e e t  superim- 
posed on a background o f  r e l a t i v e l y  low heat f low. 

Most o f  t h e  shal low holes d r i l l e d  f o r  DOGAMI (Appendix B)  had 
bottom-hole temperatures above 50'F. Hole 0.6 had a bottom-hole tem- 
p e r a t u r e  o f  70.8'F a t  492 f e e t ;  h o l e  0.1 reached 64.5'F a t  505 f e e t ;  
ho les 0-2 th rough  0-5 had maximum temperatures rang ing  from 53.1'F t o  
58.7'F a t  200 f e e t  t o  492 f e e t  depths. These ho les  were a l l  l o c a t e d  
i n  t h e  western region. Hole 0-7 showed 45.5'F a t  171 f e e t ,  and was 
l o c a t e d  j u s t  n o r t h  o f  Deer Creek Hot Spr ings p robab ly  i n  a cool  
recharge zone. The lowest  average tmperature g r a d i e n t  i n  ' D O G A M I '  
ho les ranged f rom 2.6' t o  2.9OF/lOO f e e t  i n  ho les 0-3, 0-4 and 0-5. 
Hole 0-6 had 3.9'F/100 f e e t  between 100 and 492 f e e t ,  0-1 showed 
4.l0F/1O0 f e e t  between 148 f e e t  and 505 f e e t ,  and 0-2 averaged 
4.8'F/100 f e e t  between 330 f e e t  and 492 feet .  

EWEB-2 

EWEB-2 was d r i l l e d  on t h e  eas t  s ide  o f  a f a u l t  and showed a 

The 

The 50°F and 60°F isotherm.contours a t  400 f e e t  depth ( p l a t e  3)  
desc r ibe  an anomalous thermal r e g i o n  which t r e n d s  N-S a long t h e  west 
s i d e  o f  t h e  N-S t r e n d i n g  f a u l t s ,  i n  t h e  High Cascades/Western Cascades 
con tac t  zone. High temperatures and g rad ien ts  a r e  c l u s t e r e d  i n  2 
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areas, t h e  Sand Mountain area t o  t h e  n o r t h ,  and t h e  Belknap-Foley area 
t o  t h e  south. These 2 areas may o r  may n o t  be connected a long  t h e  N-S 
t rend.  Too few da ta  p o i n t s  e x i s t  t o  be conclus ive.  The anomaly con- 
f i n e d  by t h e  con tou rs  i s  probably  r e l i c t  f rom t h e  change between h i g h  
p e r m e a b i l i t y  High Cascades rocks and low p e r m e a b i l i t y  Western Cascades 
rocks. The area e a s t  o f  t h e  geomorphic p r o v i n c e  " j o i n "  i s  h i g h l y  
a f f e c t e d  by c o l d  water  f l o w ;  m ix ing  w i t h  thermal water and f l ow  pas t  
thermal areas masks any anomaly and depresses temperature g r a d i e n t s  
b e l  ow normal r e g i o n a l  V a l  ues. 

P l a t e  5 shows t h e  r e l a t i o n s h i p  o f  mean annual a i r  temperature 
(MAAT) and bot tom-hole temperature f o r  s e l e c t e d  g r a d i e n t  ho les  a1 ong 
an E-W t r a v e r s e  corresponding p r i n c i p a l l y  t o  t h e  McKenzie River .  
ho les  upslope o f  t h e  boundary between t h e  Western and High Cascades 
have bottom-hole temperatures s i g n i f i c a n t l y  below MAAT f o r  t h e  e leva-  
t i o n .  Th is  more c l e a r l y  than  any o t h e r  f a c t o r  shows t h a t  these holes 
have been c h i l l e d  by downward-c i rcu lat ing c o l d  water o f  t h e  High 
Cascades . 

Those 

Holes downslope o f  t h e  Western-High Cascade boundary a r e  warmer 
than  MAAT, as expected. 
m igh t  be expected, i n d i c a t i n g  a geothermal e f f e c t ,  whereas h o l e  0-4 
i n d i c a t e s  o n l y  a moderate warming w i t h  depth (moderate g r a d i e n t ) .  

Holes 5 and 0-6 a r e  s i g n i f i c a n t l y  warmer than 

Thus, t h e  Western-Hi gh Cascades boundary serves as a hydro1 o g i c  
boundary, s e p a r a t i n g  areas o f  permeable s u r f a c e  rocks (High Cascade) 
f rom less-permeabl e o r  impermeable su r face  rocks (Western Cascade). 
I f  t h e  Western Cascade su r face  rocks were more permeable, t h e r e  might  
a l s o  be temperatures below MAAT i n  shal low holes. 

T h i s  c o n d i t i o n  does n o t  d i s q u a l i f y  t h e  High Cascades as a 
geothermal p rov ince ,  nor does i t  g r e a t l y  enhance t h e  Western Cascades. 
It does mean t h a t  g r a d i e n t  ho les i n  t h e  High Cascade range must be 
deeper than  about 1,000 f e e t .  Two o f  EWEB's 1980 holes (EWEB-1 and 
especi  a1 l y  EWEB-2) 1 ocated near t h e  Western-Hi gh Cascade boundary, had 
s i g n i f i c a n t  p o s i t i v e  g r a d i e n t s  on l y  below 1,000 and 1,500 fee t .  Th i s  
suggests t h a t  g r a d i e n t  ho les i n  t h e  High Cascade s e c t i o n  should go t o  
1,500-2,000 f e e t  i n  depth, depending upon e l e v a t i o n ,  geology and exact  
l o c a t i o n .  Even then, i n d i v i d u a l  ho les i n  t h e  High Cascade m i g h t  n o t  
show p o s i t i v e  g r a d i e n t s ;  bu t ,  t h e  geologic ,  temperature and h y d r o l o g i c  
data thus  ob ta ined  a r e  e s s e n t i a l  i f  t h e  p rospec t  i s  t o  be exp lo red  
f u r t h e r .  
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Hole S-80-A3 

T. 13 S . ,  R. 6-E., SbJ k, SE k ,  s e c t i o n  2 

This  was t h e  most n o r t h e r l y  o f  t h e  holes d r i l l e d  f o r  SUNEDCO a t  
Santiam prospect,  and i s  l o c a t e d  j u s t  eas t  o f  Crescent Mountain, which 
r i s e s  t o  an e l e v a t i o n  of  5,760 feet.  Numerous creeks o r i g f n a t e  a t  t h e  
mountain and feed i n t o  Lava Lake. The w e l l h e a d - e l e v a t i o n  was 4,560 
f e e t .  Seven days were spent  d r i l l i n g  t h e  hole,  t o  a depth o f  500 f e e t .  

The h o l e  i s  l o c a t e d  i n  T e r t i a r y - Q u a t e r n a r y  o l d e r  High Cascades 
vol can ics  , near a c o n t a c t  w i t h  Quaternary u n d i f f e r e n t i a t e d  sediments. 
There a r e  no f a u l t s  mapped here, b u t  t h e  h o l e  i s  a long  t h e  d i p  s lope  
o f  an eastward-dipping monocl ine. It i s  a l s o  w i t h i n  t h e  c o n t a c t  zone 
o f  t h e  High Cascades/Western Cascades vo l can ics .  
t h e  h o l e  c o n s i s t e d  o f  g rave l  t o  20 f e e t  depth, comprised of t u f faceous  
sediments and tu f f s .  
b a s a l t  porphyry, c l a y  and a sedimentary t u f f  t o - 3 0 0  f e e t .  
t o  500 f e e t ,  t h e  predominant l i t h o l o g y  was c l a y  and minor b a s a l t  prophyry,  
w i t h  a 10 f e e t  t h i c k  s e c t i o n  of t u f f a c e o u s  sandstone a t  400 f e e t .  

The l i t h o l o g y  of  

Below t h e  g rave ls ,  t h e  s e c t i o n  a l t e r n a t e d  between 
From 300 f e e t  

The temperatures and temperature g r a d i e n t s  r e f l e c t  t h e  topography 
and t h e o l i t h o l o g y .  The temperature a t  20 f e e t  was 39.7OF, which decreased 
t o  36.7 F a t  270 f e e t .  
290 f e e t  and 500 f e e t  depth, w i t h  an average g r a d i e n t  which was c l o s e  t o  . 
1 OF/lOO f e e t .  
ment. 
would be expected i n  a c l a y  zone, where t h e  thermal c o n d u c t i v i t y  
and p e r m e a b i l i t y  i s  low, e f f e c t i v e l y  i n c r e a s i n g  t h e  temperature g r a d i e n t .  

The temperature then  increased t o  38.5OF between 

The c o l d  temperatures r e f 1  e c t  t h e  c o l  d groundwater move- 
The i n c r e a s i n g  temperature g r a d i e n t  from 300 f e e t  t o  500 f e e t  

Hole S - 8 0 4 5  

T. 13 S . ,  R. 7 E., SW %, SE %, s e c t i o n  18 

This  h o l e  was l o c a t e d  approx ima te l y  2 m i l e s  SE o f  A3,.along t h e  
west s i d e  of  Lava Lake, which i s  f e d  by creeks from Crescent Mountain. 
The wel lhead e l e v a t i o n  was 3,540, which i s  more t h a n  1,000 feet  l ower  
than  h o l e  A3. F i ve  days were spent  d r i 1 l i n g . t o  a t o t a l  depth of  500 f e e t .  
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The s i t e  i s  on t h e  upthrown west s i d e  of a major N-S t r e n d i n g  
f a u l t ,  i n  Te r t i a ry  undi f fe ren t ia ted  sediments. The contac t  w i t h  very 
recent  lavas i s  less than & mile t o  t h e  e a s t .  The l i tho logy  included 
30 feet of unconsolidated gravel and c l a y  a t  t h e  sur face  t o  140 f e e t ,  
w i t h  a 40 f e e t  t h i ck  basa l t  porphyry flow from 30 f e e t  t o  70 f e e t .  
Another basa l t  flow was encountered between 140 f e e t  and 160 f e e t .  
The lower p a r t  of t he  hole,  from 160 f e e t  t o  500 f e e t ,  was i n  c lay  and 
sand. 

Temperatures ranged from 40.1°F a t  60 f e e t  t o  46.9OF a t  500 f e e t .  
The average temperature gradient  was near ly  isothermal tool 90 f e e t .  
Below 190 f e e t ,  t o  500 feet ,  t he  average gradient  wgs 2.0 F/100 f e e t .  
The l a s t  survey showed a decreasing gradien t  of 1.4 F/100 f e e t  between 
360 f e e t  and 500 f e e t ,  which was probably due t o  convection i n  the  
gradient  p i p e .  

Hole S-80-A7 

T.  13 S. ,  R. 6 E., NE t4, NW &, sec t ion  26 

SW of A5, along Toad Creek, which flows from Echo Mountain i n t o  Hackleman 
Creek, and then i n t o  F i s h  Lake. 
Eleven days were spent d r i l l i n g ,  reaching a t o t a l  depth o f  489 f e e t .  

S-80-A7 i s  located approximately 3 miles south of A3, and 3 miles 

The e leva t ion  o f  the hole was 3,680 f e e t .  

The su r face  geology is Quaternary o lder  H i g h  Cascades volcanics , 

The d r i l l i n g  encountered 

Between 300 

on an eastward d i p p i n g  monocline. Several Te r t i a ry  intrusives crop out  * 
approximately 6 t o  8 miles e a s t  of t h e  s i t e .  
volcanic grave ls  from su r face  t o  20 fee t ,  and a basa l t  porphyry flow 
between 20 feet  and 200 feet .  The b a s a l t  porphyry was f rac tured  and 
ves icu lar  between 300 feet  and 470 feet ,  w i t h  minor c lay .  
f e e t  and 470 feet  a s l i g h t l y  v e s i c u l a r  b a s a l t  flow, containing some opal 
was d r i l l e d .  The sec t ion  from 470*-feet  t o  490 f e e t  was brown clay.  

Temperatures ranged from 41.7'F ato50 feet  t o  53.2OF a t  489 f e e t .  
The average temperature gradl'ent was 1 .5  F/100 feet  between 50 feet  and 
160 f e e t .  T h i s  average increased t o  2.9°F/100 f e e t  between 160 f e e t  and 
460 f e e t .  An e a r l i e r  survey showed a grad ien t  of 3.Z°F/100 f e e t  i n  the 
lower in te rva l  between 300 f e e t  and 460 feet. The e a r l i e r  survey may be 
more accurate  because the  water o f t en  convects a f t e r  equ i l ib ra t ion ,  pro- 
ducing lower grad ien ts  a t  the bottom o f  t he  p i p e .  
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Hol e S-80-A10 

T. 14 S. ,  R.  6 E . ,  SE k, NE k, sec t ion  1 2  

T h i s  hole was s i ted approximately 3 miles SW of hole  A7, along 
Gate Creek and Smi th  River flow o f f  the e a s t  s i d e  of Browder Ridge. 

the r idge ,  and j o i n  just  s o u t h  of  t he  dr i l l  s i t e ,  flowing south t o  the  
McKenzie River. The e leva t ion  of the hole was 3,360 f e e t .  Nine days 
were spent  d r i l l i n g  t o  a t o t a l  depth of 480 f e e t .  

The sur face  i s  mapped as  a contac t  between Ter t ia ry  undi f fe ren t ia ted  
sediments and Quaternary o lde r  H i g h  Cascades volcanics .  Cuttings were 
gravel and c l ay  from sur face  t o  240 feet .  
240 f e e t  and 260 feet .  Below t h e  l o s t  c i r c u l a t i o n  zone, a b a s a l t  flow 
was encountered from 260 t o  320 f e e t .  A welded breccia between 320 f e e t  
and 430 f e e t  was p a r t i a l l y  a l t e r e d  t o  a white (kao l in i t e? )  c lay .  
b a s a l t  flow completed the sec t ion  from 430 f e e t  t o  480 f e e t .  

bottom of the  hole. 
i n  a recharge zone near a stream junc t ion ,  where the  ground is c l e a r l y  
sa tu ra t ed  w i t h  cold water. 

Circulat ion was l o s t  between 

Another 

The temperatures ranged from 40.30F a t  the surface t o  38.7OF a t  the  
T h i s  reversal  was most probably caused by d r i l l i n g  

Hole S-80-A11 

T. 14 S . ,  R .  6 E . ,  SE k, NE k, sec t ion  15 

T h i s  hole was loca ted  approximately 2 miles SW of  hole A10, just  
north of Browder Creek on t h e  south s i d e  of Browder Ridge. 
elevation was 3,840 feet .  
464 f e e t  d e p t h .  

The wellhead 
Eleven days were spent completing the hole t o  

The loca t ion  was along the contac t  of the Western Cascades and High 
Cascades volcanics.  
passes through this loca t ion .  
N W ,  runs along t h e  Western Cascades/High Cascades contac t ,  through an 
o f f s e t  i n  the major north t r e n d i n g  f a u l t ,  and f i n a l l y  def ines  a contact  
between Recent volcanics  and High Cascades volcanics .  
be a zone of s t r u c t u r a l  weakness. 

On a regional s c a l e ,  there i s  a NW lineament which 
I t  begins w i t h  a NW-trending f a u l t  t o  t he  

T h i s  i s  l i k e l y  t o  

The d r i l l i n g  encountered grave l ,  c l a y  and s i l t  from sur face  t o  
120 f e e t .  Below the sediments, a 30 feet  thick basa l t  flow, followed 
by a 100 f e e t  thick pyroxene andes i t e  flow, was d r i l l e d  through i n  t h e  
120 f e e t  t o  250 f e e t  i n t e r v a l .  
was encountered, followed by a 10 feet  th i ck  breccia zone, p a r t i a l l y  
a l t e r e d  t o  c lay .  

A t  250 feet ,  a 40 f e e t  ttil’ck basa l t  f low 

From 300 f e e t  t o  340 f e e t ,  a pale green tu f f  containing 
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opal  was encountered, p o s s i b l y  c o r r e l a t i v e  w i t h  t h e  Bre i tenbush Tu f f  
o f  Hammond (1976). Below t h e  t u f f ,  t h e r e  was another pyroxene andes i te  
f l o w  from 340 f e e t  t o  370 feet,  f o l l o w e d  by a 10  f e e t  t h i c k  r e d  c l a y  zone 
f rom 370 f e e t  t o  380 f e e t .  Below t h e  r e d  c l a y  was a 30 f e e t  t h i c k  b a s a l t  
f l o w .  A green c l a y  zone was found from 410 t o  450 f e e t ,  and f i n a l l y ,  20 
f e e t  o f  dark green b a s a l t  a t  t h e  bottom of  t h e  h o l e  f rom 450 t o  470 f e e t .  

The temperatures showed a r e v e r s a l  toolOO f e e t ,  w i t h  a temperature 
o f  43OF. The temperature ghen rose  t o  59.7 F a t  464 fee t .  The tempera- 
t u r e  gradientoaveraged 3.5 F/100 feet  between 120 f e e t  and 240 f e e t ,  
r i s i n g  t o  4.8 F/100 f e e t  between 240 fee t  and 300 fee t  i n  t h e  b g s a l t  and 
b r e c c i a  zone, j u s t  above t h e  t u f f .  
betweeg 300 fee t  and 370 feet  above t h e  r e d  c l a y  zone, then rose  s t e e p l y  
t o  7.2 F/100 fee t  between 370 fee t  and 460 feet ,  i n  t h e  b a s a l t s  below t h e  
c l a y .  The upper, r e d  c l a y  seems t o  a c t  as a thermal cap i n  t h i s  h i g h  
g r a d i e n t  zone. 

The g r a d i e n t  dropped t o  3.6 F/100 f e e t  

Hole S-80-A12 

T. 14 S., R. 7 E., SE k, SE L4, s e c t i o n  31 

This  h o l e  was l o c a t e d  approx imate ly  4 m i l e s  SE o f  h o l e  A l l ,  on t h e  

This  i s  c l e a r l y  an area o f  highdgroundwater s a t u r a t i o n .  

n o r t h  s i d e  of Bunchgrass Ridge. 
t han  1 m i l e  SW o f  t h e  l o c a t i o n ,  and Tamo l i t h  F a l l s  cascade t o  t h e  n o r t h  of  
t h e  s i t e .  
we l l head  e l e v a t i o n  was 2,880 feet .  
a t o t a l  depth o f  500 fee t .  

Kink Creek j o i n s  t h e  McKenzie R i v e r  l e s s  

Seven days were spent d r i l l i n g  t o  
The 

The h o l e  was d r i l l e d  a long t h e  e a s t  s i d e  o f  a major  n o r t h - t r e n d i n g  
f a u l t ,  i n  Quaternary High Cascades vo l can ics ,  near a con tac t ,  w i t h  T e r t i a r y -  
Quaternary o l d e r  High Cascades vo l can ics .  
b a s a l t  f rom s u r f a c e  t o  20 fee t ,  w i t h  pyroxene a n d e s i t e  between 20 and 60 
f e e t ,  and o l i v i n e  b a s a l t  again f rom 60 f e e t  t o  210 f e e t .  
c l a y  zones were encountered between 210 and 220 feet,  and from 340 f e e t  t o  
350 f e e t ,  a l t e r n a t i n g  w i t h  o l i v i n e  b a s a l t  f lows. 
zone was encountered a t  t h e  bottom of  t h e  h o l e  between 430 f e e t  and 500 f e e t .  

Temperatures ranged from 40.3OF a t  210 f e e t  t o  44.6OF a t  500 f e e t .  
The temperature g r a d i e n t  reversed from s u r f a c e  t o  120 f e e t ,  and was i so the rma l  
f rom 120 f e e t  t o  300 feet,  i n d i c a t i n g  c o l d  groundwater f low.  
g r a d i e g t  between 300 fee t  and 360 fee t  was 1.8OF/lOO feet.  
t o  8.4 F/100 f e e t  between 370 f e e t  and 420 f e e t ,  and increased aga in  t o  
2.0 F/100 f e e t  between 420 feet  and 500 feet .  
probably  caused by l ower  thermal c o n d u c t i v i t y  o f  c l a y s .  

D r i l l i n g  encountered o l i v i n e  

Two 10  f e e t  t h i c k  

A 60 f e e t  t h i c k  c l a y  

The average 
This  decreased 

The inc rease  i n  g r a d i e n t  was 
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Hole S-80-A13 

T. 15 S., R. 7 E., SW k, SW &, Sec t i on  4 

Hole S-80-A13 i s  l o c a t e d  approx imate ly  1% m i l e s  SE o f  A12, a long 
t h e  NW s l o p e  o f  Bunchgrass Ridge. 
e l e v a t i o n  of  6,842 f e e t ,  l i e s  635 m i l e s  t o  t h e  east .  
o f  t h i s  d r i l l h o l e  was 3,560 f e e t .  
8 days o f  d r i l l i n g .  

Belknap Crater ,  which reaches an 

The h o l e  reached 295 f e e t  depth a f t e r  
The wel lhead e l e v a t i o n  

The sur face i s  mapped as Quaternary High Cascades vo l can ics .  There 
a r e  no s i g n i f i c a n t  s t r u c t u r a l  f e a t u r e s .  
o f  t h e  n o r t h - t r e n d i n g  f a u l t ,  a l t hough  over  2 m i l e s  eas t  o f  t h e  su r face  
express ion o f  t h e  f a u l t .  The d r i l l i n g  encountered g rave l  and s i l t  f rom 
s u r f a c e  t o  30 f e e t ,  and predominant ly  b a s a l t  t h r o u g h o u t  t h e  r e s t  o f  t h e  
hole.  There was a 20 feet  t h i c k  v i t r i c  t u f f  f rom 80 t o  100 f e e t ,  and a 
v e s i c u l a r  b a s a l t  b r e c c i a  from 110 t o  130 feet.  The remainder of t h e  h o l e  
was d r i l l e d  i n  b a s a l t .  C i r c u l a t i o n  was l o s t  from 280 f e e t  t o  t h e  bottom 
o f  t h e  h o l e  a t  290 f e e t .  

The h o l e  i s  a long  t h e  east  s i d e  

The temperatures ranged from 41.9'F a t  20 f e e t  t o  38.3OF a t  295 f e e t .  
Th is  r e v e r s a l  c l e a r l y  re f1  ec ts  c o l d  groundwater f low from t h e  High Cascades. 

Hole S-80-A14 

T. 15 S., R. 7 E., SW $, NW &, s e c t i o n  15 

This  h o l e  i s  l o c a t e d  approx imate ly  135mmiles SE o f  h o l e  A13, near 
t h e  head o f  Anderson Creek, j u s t  south of Bunch Grass Ridge. 
head e l e v a t i o n  was 3,800 feet.  
a f t e r  7 days of  e f f o r t .  

a r e  no i m p o r t a n t  s t r u c t u r a l  features-mapped i n  t h e  immediate v i c i n i t y ;  t h e r e  
i s  a Quaternary c i n d e r  cone approx imate ly  3% m i l e s  t o  t h e  eas t  o f  t h e  d r i l l  
s i t e .  
t o  h i g h l y  v e s i c u l a r  throughout  t h e  hole.  

The w e l l -  
The h o l e  reached a t o t a l  depth o f  348 f e e t  

The surface i s  mapped as Quaternary High Cascades vo lcanics.  There 

The h o l e  was d r i l l e d  i n  o l i v i n e  b a s a l t  which v a r i e d  f rom s l i g h t l y  

Temperatures ranged from 46.OoF a t  10  f e e t  t o  38.7OF between 300 f e e t  
and 330 feet .  The temperature g r a d i e n t  reve rsed  f rom surface t o  60 f e e t ,  
became i so the rma l  f rom 60 f e e t ' t o  ZZOafeet, reve rsed  again f rom 220 f e e t  t o  
280 f e e t ,  and was isothermal  from 2 8 0 . f e e t  t o  340 feet .  The temperature 
increased s l i g h t l y  t o  39.2OF a t  t h e  bottom. T h i s  i s  c l e a r l y  a c o l d  ground- 
water  recharge zone. 
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Hole S-80-A16 

T. 15 S . ,  R .  6 E . ,  NE k, SW k, sec t ion  25 

along Twisty Creek, about a mile before i t  en te r s  t he  McKenzie River. 
McKenzie flows south t o  Belknap Springs,  approximately 2% miles south of 
hole A16, then west t o  the  Willamette Valley. 
approximately 1 mile t o  the  NW of the d r i l l  s i t e .  
head elevat ion of 2,640 f e e t .  
hole t o  reach a t o t a l  d e p t h  of 420 f e e t .  

The loca t ion  of t h i s  hole is  approximately 5 miles S-SW of hole A12, 
The 

Deer Creek Hot Springs l i e  
Hole A16 i s  a t  a well- 

D r i l l e r  spent approximately 7 days on this 

The su r face  geology i s  Quaternary High Cascades volcanics.  
no s i g n i f i c a n t  s t r u c t u r e  a t  this s l ' t e ,  although i t  i s  on trend w i t h  the  
major n o r t h - t r e n d i n g  f a u l t s .  
w i t h  Quaternary-Tertiary o lder  High Cascades volcanics.  
ered sand from su r face  t o  10 f e e t  depth,  and basa l t  throughout the  remainder 
of  the  hole. The basa l t  was an o l i v i n e  b a s a l t ,  and was ves icu lar  between 
60 f e e t  and 80 feet  dep ths .  

Temperatures ranged from 46.0°F a t  20 f e e t  t o  43.5OF a t  420 f e e t .  
There was a reversal  from surface t o  150 f e e t ,  followed By an isothermal 
zone from 150 feet  t o  260 feet. 
of 1.ZoF/10O f e e t  between 260 f e e t  and 420 f e e t .  T h i s  hole was c l e a r l y  
i n  a cold groundwater recharge zone. 

There i s  

I t  i s  approximately Jr mile e a s t  o f  a contact  
Dr i l l i ng  encount- 

There was an average temperature gradient  

Hol e S-80-A 1 7 

T. 16 S. ,  R. 7 E . ,  NE k ,  SW k ,  sec t ion  2 

miles e a s t  of Belknap Hot S p r i n g s .  There a r e  numerous lakes  and spr ings 
i n  the  a rea ,  a s  well as g lac i e r s  eastward from the  s i t e ,  ind ica t ing  very 
sa tura ted  cold groundwater condi t ions.  
a t  a wellhead e leva t ion  of 4,480 feet .  
320 f e e t  d e p t h .  

T h i s  s i t e  is  located approximately 5 miles SE of hole A16, and 6 

The  s i t e  i s  near I r i s h  Camp Lake, 
Eleven days were spent d r i l l i n g  t o  

The sur face  geology i s  Quaternary High Cascades volcanics.  
a north-trending f a u l t  approximatley 1 mile e a s t  of t he  loca t ion ,  which 
terminates i n  t h e  Quaternary cinder  cone named Two Buttes. 
of the  hole was e n t i r e l y  basa l t ,  except f o r  10 f e e t  of e i t h e r  gravel o r  
an interf low zone a t  40 t o  50 feet. Some of t h e  basa l t  was ves icu lar .  

Temperatures ranged from 44.2OF a t  10 feet  t o  36.9OF a t  320 feet ,  

There is  

The l i t ho logy  

showing a reversal  from surface t o  t o t a l  d e p t h .  The observed temperature 
regime would be predic tab le  i n  this type of t e r r a i n .  
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Hole S-80-A19 

T. 16 S . ,  R .  7 E . ,  NE k, $E k ,  sec t ion  19 

Hole A19 i s  loca ted  approximately 3 miles SE of Belknap Hot 
Springs,  i n  t h e  drainage b a s h  of Lost Creek, which i s  fed by g l a c i e r s  
from the  Three S i s t e r s  volcanos, The elevat ion of  the  hole was 2,080 
f e e t .  Twelve days were spent d r i l l i n g ,  reaching a t o t a l  depth of 135 
f e e t .  

The su r face  geology i s  Quaternary undi f fe ren t ia ted  sediments, near 

The cu t t i ngs  showed b a s a l t i c  gravels  

a contac t  w i t h  Quaternary H i g h  Cascades volcanics .  
approximately 2 miles e a s t  of t he  north-trending Cascade graben margin 
a s  mapped by Brown -- e t  a1 . , ‘(1980). 
from sur face  t o  90 f e e t .  The remainder of the hole consis ted of b a s a l t  
and o l i v i n e  b a s a l t ,  containing small amounts of o l i v i n e  basa l t  vi t rophyre.  

Temperatures ranged from 48.0°F a t  10 f e e t  t o  41.9OF a t  70 f e e t .  The 
temperature grad ien t  p r o f i l e  showed a reversal  from sur face  t o  70 f e e t .  
The average temperature grad ien t  between 70 f e e t  and 130 f e e t  was 3.3’F/lOO 
f e e t ,  reaching a bottomhole temperature of 43.9OF a t  134 f e e t  depth. 

The loca t ion  i s  

Hol e S-80-A 20 

T. 16 S . ,  R .  7 E . ,  SW Jh ,  SE k ,  sec t ion  21 

of t h e  e a s t  arm of Foley Rfdge, between Rainbow Creek and Gold Creek. 
wellhead e leva t ion  was 3,920 f e e t .  
f ee t ,  a f t e r  8 days of dri l l  time. 

T h i s  hole was s i t ed  approximately 2 miles SE of  Role A19, just  s o u t h  
The 

The t o t a l  d e p t h  of t he  hole was 468 

~. 

The sur face  geology is  mapped as  Quaternary High  Cascades volcanics .  
There is  no s igni’f icant  s t r u c t u r e  a t  this loca t ion ,  although t h e  no r th - t r end-  
i n g  f a u l t s  a l l  terminate  a t  this l a t i t u d e ,  and t h e  r i v e r s  t u r n  from a N-S 
trend t o  E-W trend a t  this l a t i t u d e .  Foley Hot Springs i s  approximately 
5% miles westward of  A20. The l i tho logy  cons is ted  of gravel and c l ay  from 
sur face  t o  200 feet. There was basa l t  between 200 f e e t  and 340 feet ,  and 
s i l t  between 340 f e e t  and 370 f e e t .  The s i l t  was underlain by 20 f e e t  of 
autobrecciated b a s a l t  breccia  from 370 feet  t o  390 f e e t ,  an andes i t e  flow 
from 390 f e e t  t o  400 f e e t ,  and another s i l t  s t ra tum from 400 t o  420 f e e t .  
An andes i te  breccia  was present between 420 feet  and 440 f e e t ,  followed by 
an andes i te  flow from 440 feet  t o  460 f e e t .  

temperature grad ien t  showed reversa ls  throughout the e n t i r e  hole.  
was c l e a r l y  i n  a cold groundwater recharge zone. 

Temperatures ranged from 46.8OF a t  10 feet  t o  37.0°F a t  468 f e e t .  The 
T h i s  hole 
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Hole S-80-5 

T. 16 S. ,  R 6 E . ,  SE 4, NE Q, sec t ion  30 

- 

T h i s  loca t ion  i s  approximately 1% miles west of Foley Hot S p r I I ? g s ,  
near Wilelada Creek, south of the west l i m b  o f  Foley Ridge. 
were spent  d r i l l i n g  t o  reach a t o t a l  depth o f  500 f e e t .  
of t he  hole was 2,000 f e e t .  

Ten days 
The e leva t ion  

The sur face  geology is  Western Cascades volcanics ,  near a contact  
w i t h  Quaternary undi f fe ren t ia ted  sediments and Quaternary High Cascades 
volcanics.  The DOGAMI map shows several  north and NW-trending f a u l t s  
just s o u t h  o f  the  s i t e ,  and o thers  a few miles t o  t h e  north.  
of the  hole consis ted of gravels  from surface t o  170 f e e t .  
some chalcedony and c l a s t s  of s i l i c i f i e d  breccia .  
brown c l ay  zone from 170 feet  t o  250 f e e t  d e p t h .  
consis ted of c l ay  and basa l t  flows. 
i n  some zones, w i t h  p lagioclase a l t e r e d  t o  a blue-green mineral. 
was abundant p y r i t e  in  one of the basa l t  flow zones between 380 f e e t  and 
400 feet .  

The l i t ho logy  
These contained 

There was a th ick  
The r e s t  of the  hole 

The basa l t  was f rac tured  and s i l i c i f i e d  
There 

The temperatures ranged from 46.9OF a t  70 f e e t  t o  66.2OF a t  500 f e e t .  

T h i s  gradient  increased t o  5.2 F/100 f e e t  between 

The temperature gradients  showed a r eve r sa l ,  t h e n  recovery between su r face  
and 170 feet .  
f e e t  was 5.0°F/100 f e e t .  
250 f e e t  and 500 f e e t .  
i t s  boundaries a r e  not well defined. 

The average temperature gradient  between a70 f e e t  and 250 

The hole i s  w i t h i n  a geothermal anomaly, although 
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HEAT FLOW 

Thermal c o n d u c t i v i t y  measurements were n o t  made on samples f rom t h e  
Sun-Santiam prospec t .  However, c o n d u c t i v i t y  and heat  f l o w  analyses were 
made on t h e  ho les  d r i l l e d  f o r  DOGAMI and EWEB, and these r e s u l t s  were 
used t o  es t ima te  thermal c o n d u c t i v i t i e s  f o r  t h e  Sun holes.  The es t imated 
heat  f l o w  va lues appear on t a b l e  3 and p l a t e  3, and a r e  contoured on f i g u r e  
6. Heat f l o w  c a l c u l a t i o n s  were made us ing  t h e  formulae: 

' -4  KO 
b P  Q = K d t /dx  and Kis = K i s  

where Q = heat  f low i n  HFU (pcal /cm*-sec),  K i s  = -- i n  s i t u  thermal c o n d u c t i v i t y ,  
d t /dx  = temperature g r a d i e n t  i n  " C/km, K = b u l k  thermal c o n d u c t i v i t y ,  
c o n d u c t i v i t y  o f  m a t e r i a l  i n  pores, assume$ t o  be water  w i t h  K p  va lue  of  
1.43, and 4 = p o r o s i t y .  
us ing  3.8 TCU f o r  b a s a l t ,  3.0 TCU f o r  b a s a l t  g rave ls ,  and 2.5 TCU f o r  c l a y .  
P o r o s i t y  va lues were assigned u s i n g  a range of  30% t o  40% f o r  unconso l ida ted  
sediments, and 5% t o  10% f o r  v o l c a n i c  rocks.  

Bu lk  thermal c o n d u c t i v i t y  va lues were es t imated  

Regional  heat  f l o w  va lues f o r  Oregon average 1.6 HFU, compared w i t h  
a wor ldwide c o n t i n e n t a l  average o f  1.5 HFU. 
heat  f l o w  across t h e  High Cascades/Western Cascades boundary, noted by  
B lackwel l ,  e t  a l . ,  1978 ( f i g u r e  7a). 
i n c l u d i n g  the Coast  Range, t h e  W i l l a m e t t e  Va l ley ,  t h e  Klamath Mountains. 
and t h e  Western Cascades prov inces,  heat  f l o w  averages 1.0 t 0.03 HFU, 
w h i l e  i n  t h e  High Cascades prov ince ,  t h e  average heat  f low 7 s  2.51 t 0.20 
HFU. For comparison, t h e  B a t t l e  Mountain High heat  f l o w  anomaly averages 
2.5 t o  2.9 HFU. Blackwel l  e t  a l .  noted  t h a t  Bouguer g r a v i t y  lows correspond 
w i t h  heat  f l o w  h ighs,  i n d i c a t i n g  t h a t  t h e  h i g h  heat  f low i n  t h e  Cascades 
may be r e l a t e d  t o  a r e g i o n a l  c r u s t a l  f e a t u r e  r a t h e r  than t o  upper c r u s t a l  
groundwater c i r c u l a t i o n .  Us ing  t h i s  heat  f l o w  model, which i nc ludes  a 
c e n t r a l  magma chamber beneath t h e  High Cascades a x i s ,  B lackwel l  p r e d i c t e d  
temperatures g r e a t e r  than 7OO0C a t  depths l e s s  than 10  KM on t h e  eas t  s i d e  
o f  t h e  High Cascades/Western Cascades boundary, w h i l e  temperatures may be 
o n l y  3OO0C a t  1 0  Km on t h e  west s i d e  o f  t h e  boundary. 
conference (Geothermal Resources Counci l ,  1981 ) B lackwel l  concluded t h a t  
based on r e c e n t  d r i l l i n g ,  t h e r e  i s  no l a r g e  sha l l ow  subvo lcan ic  magma 
chamber l e s s  than 10 Km deep beneath t h e  Cascade Range. 

There i s  a major  change i n  

On t h e  west s i d e  o f  t h e  boundary, 

A t  t h e  1981 Cascades 

A l t e r n a t i v e  models e x p l a i n  Cascades heat  f l o w  p a t t e r n s  w i t h  l a rge -sca le  
r e g i o n a l  f l o w  o f  groundwater, c a l l i n g  f o r  hydrothermal c i r c u l a t i o n  systems 
d r i v e n  by  e l e v a t i o n  d i f f e r e n c e s  and water  f l o w  p r i m a r i l y  f rom eas t  t o  west  
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(Blackwell, e t  a l . ,  1978). In the  f i rs t  of these  models, water c i r c u l a t e s  
t o  g rea t  depKs77 3 km), then flows l a t e r a l l y  a t  d e p t h ,  coming t o  shallow 
dep ths  below t h e  hot spr ings.  
c i r c u l a t e s  t o  depths beneath t h e  volcanos, comes u p  t o  shallow depths,  
then flows l a t e r a l l y ,  perhaps along a t u f f  u n i t .  In t he  l a s t  a l t e r n a t i v e  
model, t he  thermal anomaly i s  confined t o  a narrow band along the  physio- 
graphic boundary w i t h  possibly a h i g h  permeabili ty zone as  the con t ro l l i ng  
f a c t o r .  

In the  second a l t e r n a t i v e  model, water 

These 4 models a r e  i l l u s t r a t e d  i n  f i g u r e  7b.  

The holes dr i l l ed  f o r  SUNEDCO i n  t he  Santiam prospect range u p  t o  
3.7 HFU. Only 2 of the 13  holes show values above the regional 2.5 HFU 
average. Hole A l l  had a f i igh of 3.9 HFU a t  the depth in te rva l  between 
370 f e e t  and 460 f e e t .  Hole #5 shows a h i g h  heat  flow value of 3.7 H F U  
between 250 feet  and 500 f e e t .  Heat flow values a r e  contoured on f i g u r e  6. 
The DOGAMI and EWEB gradien t  holes show four values above 2.5 HFU. Hole 
0-2 had a h i g h  of 3.7 HFU from 330 t o  492 feet  dep ths ;  Hole EWEB 1 showed 
a h i g h  of 3.5 HFU between 165 f e e t  and 670 feet ;  hole 0-6 showed a h i g h  of 
2.7 HFU between 100 f e e t  and 492 f e e t ;  and hole 0-1 showed a h i g h  of 2.6 
HFU between 148 f e e t  and 505 f e e t .  
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Tab1 e 3. Temperatures , t e m p e r a t u r e - g r a d i e n t s  , 
and e s t i m a t e d  h e a t  f l o w  o f  temperature-  
g r a d i e n t  ho les  , Sant iam prospect ,  Oregon 

Depth Bottom 
o f  h o l e  Tempera- Tempera - 

Ho le  # g r a d i e n t  temper- Depth t u r e  t u r e  Es t imated 
e l e v a t i o n ,  p ipe,  a t u r e  i n t e r v a l ,  g r a d i e n t  g r a d i e n t  Heat Flow 

f e e t  f e e t  (OF) f e e t  OF/lOO ft OC/km L i  tho1 oqy HFU 

S-80-A 3. 
(4,560) 

S-80-A5 
( 3  Y 440) 

S-80-A 7 
( 3  Y 680 

S-80-A 10 
(3,360) 

( 3  Y 840) 
S-80-A 11 

S-80-A 12 
( 2  Y 880 

S-80-A 13 
(3,560 1 

500 38.5 290- 500 

500 46.9 1 90- 500 

489 53.2 50-1 60 

160-460 

300-460 

480 38.7 GL-480 

464 59.7 120-240 

240-300 

300-370 

370-460 

500 44.6 300-360 

370-420 

420-500 

295 38.3 GL-295 

1 .o 18.2 

2.0 36.5 

1.5 27.3 

2.9 52.9 

3.2 58.3 

- -Reversal  -- 

3.5 63.8 

4.8 87.5 

3.6 65.6 

7.2 131.2 

1.8 32.8 

1.4 25.5 

” 2.0 36.5 

--Reversal  -- 

85% Clay 
15% B a s a l t  Por- 

p h y r y  

80% Clay  

1i;:altic) 

100% B a s a l t  

90% B a s a l t  
10% Clay  

95% B a s a l t  
5% Clay  

100% B a s a l t  and 
Andes i t e  

85% B a s a l t  and 

15% B r e c c i a  
60% T u f f  
40% A n d e s i t e  

55% C l a y  
45% B a s a l t  

85% B a s a l t  
15% C l a y  

100% B a s a l t  

90% Clay  
10% B a s a l t  

Andesite 

0.5 

0.9 

1 .o 

1.9 

2.2 

2.4 

3.3 

2.4 

3.9 

1.2 

1 .o 

1 .o 



Table 3 (continued) 

Depth Bottom - 
of  hol e Tempera- Tempera- 

Hole # gradien t  temper- Depth ture t u  re Estimated 
e leva t ion ,  pipe, a t u r e  i n t e r v a l ,  gradient  grad ien t  Heat Flow 

fee t  f e e t  ( O F )  f e e t  OF/lOO f t  O C / k m  L i  tho1 oqy H FU 

S-80-A 14 
(3,800) 

(2,640) 

(4,480) 

(2,080) 

S-80-A 16 

S-80-A 17 

S-80-Al9 

S-80-A20 
( 3  3 920) 

(2,000) 
S-80-5 

0- 1 
(3,440) 

(2  ¶ 320) 

(1,520) 

(1,440) 

(1,240) 

0 , 7 6 0 )  

( 2  9 363 1 

(3,120) 

0- 2 

0- 3 

0- 4 

0- 5 

0- 6 

0- 7 

EW EB -1 

348 

420 

320 

135 

468 

502 

505 

492 

200 

285 

262 

492 

171 

1,837 

39.2 

43.5 

36.9 

43.9 

37.0 

66.2 

64.5 

58.7 

53.1 

57.5 

55.2 

70.8 

45.5 

76.8 

GL-420 

260-420 

GL- 320 

70-1 30 

GL-  468 

170-250 

250- 500 

148-505 
(1 50- 500) 

330-492 

80-200 

50-280 

150-260 

100-492 

165-670 

GL-1 ,820 

--Isothermal w i t h  
Reversals-- 

1 .2  21.9 

- - Revers a 1. - - 

3.3 60.1 

--Reversal -- 

5.0 

5.2 

4.1 

4.8 

2.9 

2.8 

2.6 

3 . 9  

5.6 

1.3 

91.1 

94.8 

75.6 

88.3 

53.0 

51 .O 

48.0 

70.9 

102.8 

23.9 

95% Basal t  
5% Clay 

65% Basal t  
35% Gravel 

(basal t i c )  

100% Clay 

60% Clay 
40% Basal t  

Andesite and 
Vol cani cs 

Andesite and 
Volcanics 

0.8 

2.1 

2.3 

3.7 

2.6 

3.7 

1.7 

1.6 

1.5 

2.7 

3.5 

0.8 



Table 3 (continued) 

Depth Bottom - 
of  hole  Tempera- Tempera- 

Hole # gradient  temper- Depth t u r e  t u r e  Estimated 
e l eva t ion ,  pipe, a t u r e  i n t e r v a l ,  g rad ien t  gradient  Heat Flow 

f e e t  f e e t  (OF> f e e t  O F / l O O  f t  OC/km L i  tho1 ogy H FU 

EWEB 2 1,935 87.9 980-1,970 3.8 69.4 Vol canics 2.2 
(3,760) 
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Plate 4. Thermal cross-sections through Santiam prospect, Linn and Lane Counties, Oregon. I 
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I. _c - Y w- Temperature below mean annual a i r  
temperature ( indicates cooling b y  
descending groundwater) 
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