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produce volumi-nous mafic volcanism and 
Oregon High Cascades during the l a s t  9 
and heat flow prevails .south 

ry h i g h  heat flow i n  the central 
y. ' T h i s  h i g h  r a t e  of volcanism 

lpckamas River r i g h t  l a te ra l  wrench 

. 

Basin and Range Province a t  the Brothers r i g h t  l a te ra l  wrench f a u l t  zone. 

i 

Absence of large volumes of intermediate lava and associated strato-cones 
i n  the Brothers Fault Zone and Basin and Range province indicates the lack 
of a partial  melting process tha t  is operative i n  the High Cascades, 
probably subduction. 
i n  the Oregon High  Cascades may cause a 'h igh  ra te  of magmatic heat trans- 
fe r ra l  from mantle regions re la t ive  to  transferral  i n  the Basin and Range. 
T h i s  'means tha t  the High Cascades probably has the highest geothermal 
potential of any province i n  Oregon, especially where intercepted by 
youthful fau l t s .  
t o  Pleistocene subsidence along the High Cascade axis a re  good exploration 
targets ,  especially a t  intersections w i t h  the northwest-trending Brothers, 
Clackamas, and Eugene-Denio f a u l t  zones. 
Fault zone intersection makes this the best exploration target  i n  Oregon. 

INTRODUCTION 

T h i s  paper is  a brief summary of major conclusions and supporting-data 
from Oregon Department of Geology and Mineral Industries (DOGAMI) Special 
Paper 15, Geology and geothermal resources of the Cascades of Oregon, 
which is i n  preparation. Special Paper 15 will be the f inal  product of 
a five-year investigation of the Oregon Cascades conducted by DOGAMI w i t h  
financial support from the United States Department of Energy. 

MAJOR, VO C PROVINCES 

Potential operation of two par t ia l  melting mechanisms 

4 

North-south f a u l t s  which bound a large area of Pliocene 

Si1  i c i c  volcanism a t  the Brothers 
4 

4 

! IMPLICATIONS OF VOLCANO-TECTONIC PATTERNS IN THE OREGON CASCADES FOR 
GEOTHERMAL EXPLORATION 

by George R. Priest, Neil M. Woller, Gerald L.' Black,Oregon Departmddt ' 

of Geology and Mineral Industries, 
Jr. , University o?"Utah Research In 

bd 
tl,a-nd-, Oregon, and Stanley H. Evans, 
tute, Sa l t  Lake City, Utah. 

ABSTRACT ' 
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are also dis t inct ive geologic provinces (Figure 1 ). The Western Cascades 
are  geomorphically mature mountains composed chiefly of l a t e  Miocene t o  
01 igocene volcanic rocks w i t h  minor P1 iocene t o  Quaternary intracanyon 
flows and volcanic centers. The High Cascades are, i n  contrast ,  a 
geomorphical ly  immature te r ra in  dominated by volcanic landforms of P1 iocene 
and younger rocks. The axis of volcanism fo r  Miocene and Oligocene Western 
Cascade rocks was a few tens of kilometers west of the High Cascade axis  
(Peck and others, 1964). The geologic data summarized here is based 
chiefly on 1:24,000 t o  1*:62,500 scale mapping by university and DOGAMI 
personnel . .  

VOLCANIC STRATIGRAPHY 

Introduction ' . 

The Cascades sequence. i s  here informally subd 
the early Western Cascades, l a t e  Western Casc 
and la te  High Cascades. Each group posse cer ta in  dis t inct ive l i tho-  
logic and f i e ld  character is t ics  {Figure 2 
usefu'l for cbmDarison df:  rotks from widely separated areas, particularly 

ded into four age groups; , 

s, ear ly High  Cascades, 

resulting nomenclature is 

when testing for regional compositional changes i n  volcanism through time. 
The subdivisions are  based primarily on observations i n  the central Oregon 
Cascades, though they may be useful fo r  other par ts  of the Cascades as  
well. This nomenclature is  no t  intended for formal usage and should not 
be considered a 'revision dfr existing rock*-stratigraphic nomenclature. 

n :Cascade rocks are chiefly s i l i c i c  ash flows,'debris flows, 
and.  ep ic las t ic  mudstones and sandstones , w i t h  ome d i  sti ncti ve 

sil iceous,  iron-rich, t ho le i i t i c  lavas interbedded i n  the 
Smith and others (1980) have obtained a K-Ar date of 34.9 
beari-ng ash flow a t  the base o f  the sequence i n  the central t o  southern 
Cascades. 
ages from.27 t o  19.4 m.y, on t h o l e i i t i c  lavas i n  PPer Part of t h e -  
ear ly  Western Cascades section. 

'The si l ideous pyroclastic and ep ic las t ic  lower p the. sequence has 
generally been called the L i t t l e  Butte Volcanic Series (Peck and others, 
1964) and Breitenbush Tuff  or Breitenbush Formation (Thayer, 1936; 1939; 
Hammond, 1979; Hammond and others, -1980; White 1980a; 1980b)- 
rocks have frequently been mistaken' fo r  Columbia River Basalt Group (see 
White, 1980a; 1980b for  a review of this problem). 
have been named the Scorpion Mountain lavas i n  the North Santiam area 
(White 1980a; 1980b), and the lavas of Black Canyon i n  the Lookout P o i n t  
Reservoir area (Wbller and Priest, 1982). 

White (1980a; 1980b) and McBirney and others (1974) l i s t  K-Ar 

The t h o l e i i t i c  

These t h o l e i i t i c  rocks 

Rocks of the l a t e  Western Cascades are  chiefly calc-alkaline lavas and 
debris flows o f  intermediate composition, w i t h  subordinate dac i t ic  ash-flow 
and ash-fall tu f fs .  Basalt t o  basalt ic andesite may be locally abundant, 
as a t  S w i f t  Creek near Willamette Pass (Woller, 1982). McBirney and others W 
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c 6: 
Brief Qescription Correlative Rock - 

1 ate 4 t o  0 m.y.B.P. mafic volcanic rocks; 
High Cascade lavas (McBirney and others, 1974; 
White, 1980a; 1980b) younge and older High Cascades 
b a s a l t  and volca 
1979; Hamond an 801, and par t ja l ly  
ecruivalent to  vo 

Outerson Volcanics (fhayer, 1936; 
'Formation (McBirney and others,  f 

. 1980b), Outerson Basal t (Hammond, 
others, 19801, par t ia l ly  equival 
o f  the High Cascades and Boring 

f M t .  Jefferson (Hamond, 

of the High Cascades 
lavag (Peck and athers, 1964). 

t o  volcanic rocks 

' Y  

p h f c  nomencl3ture f o r  the central Oregon Cascades. This systew 
i s  probably applicable t o  ather parts of the Cascades as  well. 



The break between the e a r l y  and l i t e  West n Cascades volcanism, s 
between 17 and 19 m.y., may a l so  have been a l u l l  i n  vo lcanic  a c t i v i t y ,  
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It may be t h a t  the gas-charged d i k t y t a x i t i c  lavas which seem t o  most o f ten  
y i e l d  anomalous dates have not  completely outgassed radiogenic argon during 
eruption. 

The-youngest r e l i a b l e  K-Ar date so f a r  obtained on ea r l y  High Cascades 
rocks i s  4.3 + 0.4 m.y.B.P. a t  Bear Mountain near Willamette Pass (Woller, 
1982). 
p a r t  o f  the ea r l y  High Cascades sect ion near Belknap Hot Springs, but some 
doubt about the sample loca t ion  has been voiced by several workers i n  
the area. 

\ 

J &i 
Sut te r  (1978) obtained a 3.88 m.y.B.P. age on lava which may be 

Volcanic rocks o f  t h  e a r l y  High Cascades correspond t o  the upper p a r t  o f  
the  Outerson Series hayer, 1939) , p a r t  o f  the Coltowash and Tr iangulat ion 
Peak volcanics (Clayton, 1975), the Browder-Bunchgrass and I r o n  Mountain 
Formations (Avramenko, 1981), the  Intermediate Series (Flaherty, 1981), 
lavas o f  Tipsoo But te  (Pr iest  and Woller, 1982a) and probably the Devi ls  
Canyon Formation (undated rocks o f  Barnes, 1978). They a lso  correspond 
to-much o f  the u n i t  designated QTv and QTba on various regional  compilat ion 

n and others, 1980a; 1980b). 

(4-0 m.y.B.P..) 

Fol lowing north-south f a u l t i n g  and a x i a l  subsidence o f  much o f  the centra l  
Oregon High Cascades between 4 and 5 m,y.B,P. , voluminous f lows of d i k t y -  
t a x i t i c  basal t  and basa l t i c  andesite erupted from contiguous sh ie ld  
volcanoes forming a low p lat form i n  the High Cascades (Taylor, 1981). 
The e a r l y  basal ts reached deep i n t o  the  Western Cascade province through 
canyons carved i n t o  escarpments bounding the ax ia l  grabens. These Pliocene 
t o  e a r l i e s t  Pleistocene intracanyon basal ts are c l e a r l y  re la ted  t o  present 
topographic lows, d is t inguish ing them from s im i la r  e a r l y  High Cascades 
basal tshwhich cap the highest Western Cascade ridges. Basa l t i c  andesite 
erupt ions increased i n  frequency r e l a  i v e  t o  basa l t i c  eruptions during 
the  Quaternary (Taylor, 1981 f , and the increas ing ly  viscous lavas became 
more r e s t r i c t e d  t o  High Cascade a x i a l  grabens. Volumetr ical ly smaller 
erupt ions o f  basa l t i c  andesite and l e s s  abundant andesite 
formed prominent composite cones in l o c a l  area dur ing the 
cont inuing eruptions o f  +sa l t  and a s a l t i c  andesite i n  the plat form 
’ Taylor, 1981). M t .  ood, M t .  Jeffers the Three Sisters  and M t .  Mazama 
[Crater Lake) are so 
o f  the  l a t e  High Cascades so 

- 

The o ldest  f low 
(Taylor, 1981 1; 
eruptions, about 
erupt ion from 

the High Cascades 
province i n  severa’l places where the High Cascade ax is  has been obviously 
downdropped (Figure 3) .  These f a u l t s  bound grabens a t  Mount Hood (Will iams 
and others, 1982; Pr iest ,  1982; P r ies t  and others, 1982), Green Ridge 
(Hal’es, 1975), the McKenzie River-Horse creek area (Brown and others, 
1980a; Taylor, 1973; 1981; Avramenk 
R i m  area (Wells and Peck, 1961), an the M t .  Bailey-Diamond Lake area 

1981 ; Ftaherty, 1981 ), the Mal ker 

2 10 
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(Barnes, 1978). S imi lar  f a u l t s  probably occur no r th  and east o f  the 
Breitenbush Hot Springs area and along l i n e a t i o n s  fo l l ow ing  the western 
boundary o f  the High Cascades province from Horse Creek t o  Crater Lake 
(e.g. see Venkatakrishnan and others, 1980; Kienle and others, 1981). The 
graben-bounding f a u l t s  a t  Mount Hood are probably somewhat younger than 
3.0 m.y. (Pr iest ,  1982), but  most o f  the subsidence i n  the centra l  Cascades 
occurred between 4 and 5 m.y.B.P. (Taylor, 1981). Avramenko (1981) has 
shown some movement on these Central Cascade f a u l t s  between 1.0 and 0.7 
my. as well ,  and some shearing a f f e c t s  lavas as young as 2.1 0.2 m.y. 
adjacent t o  the east Side o f  the Mount Hood graben (unpublished data o f  
N. M. Woller). Total  subsidence i n  the centra l  Cascades may t o t a l  several 
thousand feet (Taylor, 1981). 

Naslund (1 977) has found northwest-trending Basin and Range-style f a u l t s  
l ess  than 0.7 m.y.B.P. i n  age c u t t i n g  across the southern High Cascade . 

axis. It i s  no t  known i f  these and other southern High Cascade f a u l t s  

f a u l t  on the west s ide o f  the Lake of the Woods, near M t .  McLoughlin 
(Maynard, 1974) appears t o  bound an a x i a l  graben. 

I 

cause ne t  subsidence o f  the High Cascade axis, but a north-south t rending i 

The above f a u l t  systems are intercepted by fou r  prominent N40W t o  N60W 
trending 1 ineat ions and l a t e r a l  f a u l t  zones (Figure 3). The Clackamas 
River r i g h t  l a t e r a l  wrench f a u l t  zone (Anderson, 1978) i s  in terpreted by 
Beeson and Moran (1979) and Beeson and others (1982) t o  be an extension o f  
the Brothers Fau l t  Zone o f  Lawrence (1976). Most movement on t h i s  f a u l t  
zone occurred a f t e r  l a t e  Western Cascade t ime (Beeson and Moran, 1979). 
Our mapping near Willamette Pass and a t  Lookout Point  Reservoir has revealed 
l i t t l e  evidence o f  major wrench f a u l t i n g  younger than about 13 m.y.B.P. 
i n  the Western Cascade po r t i on  o f  the Eugene-Denio Zone, although there i s  
abundant shearing i n  01 igocene e a r l y  Western Cascade rocks (Woller and 
Pr iest ,  1982; Woller 1982). Faul ts  associated w i t h  the Eugene-Denio Zone 
i n  the Walker R i m  area (Figure 3) appear t o  c u t  Pliocene-Pleistocene u n i t s  
(Wells and Peck, 1961; Kienle and others, 1981). The M t .  McLoughlin Zone 
(Figure 3) terminates a t  the High Cascade a x i s  by merging w i t h  north-south 
t rending f a u l  t s  (Barnes, 1978). 

Northeast t rending f a u l t s  w i t h  c h i e f l y  d ip-s l  i p  displacement are a l so  
common l o c a l l y  (e.g. i n  the Diamond Lake area o f  Barnes, 1978) and lineaments 
w i t h  t h i s  o r i e n t a t i o n  occur throughout the Western Cascades (Venkatakrishnan 
and others, 1980; Kienle and others, 1981). Thrust f a u l t s  associated w i t h  
northeast t rending middle t o  l a t e  Miocene f o l d s  i n  the Mount Hood area a lso 
s t r i k e  nor theaster ly  (Beeson and Moran, 1979; Beeson and others, 1982). 

FOLDS 

Folds i n  the centra l  Cas'cades general ly t rend northeast t o  north-south. 
Gentle d ips of 10 t o  20" t y p i c a l l y  occur on the limbs, although d ips o f  
60" occur on the western l imb  o f  the Breitenbush A n t i c l i n e  (Thayer, 1939; 
White 1980a). Folds are c h i e f l y  l i m i t e d  t o  the northern Oreg'on Cascades 
(Barnes, 1978) where they a f f e c t  l a t e  Western Cascade and o lde r  volcanic 
rocks. 
11 and 7 m.y. (e.g. see Beeson and Moran, 1979; Beeson and others, 1982; 

Folding probably began i n  the middle Miocene and ended between 

Hammond, 1979; Hamnond and others, 1980; White 1980a; 1980b; Flaherty, ( 

2 13 
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1981). The change t o  mafic e a r l y  High Cascade volcanism about 9 m.y.B.P. 
coincided w i th  a re1 

s@ak$% an&&ngp-rp ectW& central  
bamrtd&$Qtikths's & 
on down ihroltln si'& ' (0 

l& thzi;l t%kktr&bs:reg..ihk~ i s 

Couch, 1971). 
t ime. This i s  supported 

axes during the middle Miocene 
stress ax is  may have been orjented 

closer t o  east scade t i m e  re la t i ve  t o  High Cascade 
t'Sme, This s h i f t  of stress axes, s h i f t  of the ax is  o f  volcanism toward the 
east, and chang agmatic composi t ion,  a l l  occurred between Western and 
High Cascade t i  A major change i n  the p la te  tectonic regime i s  prpbably 
necessary t o  ac f o r  a l l  o f  these phenomena 
of t h i s  paper t o  review a l l  o f  the p la te  tecton 
a change in'regime between 8 and 10 m.y.B.P., but some do, i n  fact, require 
such a change (e.g.~Atwater, 1970; foback and Thompson, 1978). It was also 
a t  about t h i s  t ime  tha t  the current Basin and Range topography became wel l -  
defined (Stewart, 1978). 

Regional northwest trending !ate Neogene f a u l t  zones appear t o  e i ther  
terminate o r  be.deflected by the-High Cascade axis. Barnes (1978) notes 

It i s  beyond the scope 
model s which i ncorpora t e  

Zone o f  Lawrence (1 976) 
s as they approach 
wing toward para1 1 e l  i sm 
one may be cons 

deflected, and, as 
across the High 

de time. This suggests- t h a t  
eakened zone which def lects  
h i s  anomalous weakness 

a1 fau l t i ng  along the axis. 

i l a r  i n  composition, 
i m i l a r  cotect ic  and 
t i o n  processes. In 
grams, f i e l d s  o f  
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. .  
mposit ion f o r  ear ly,  and - late..High €as& 

s i 1  i c i c  composition. are -not  sho  
f o r  the l a t e  $high. Cascade Broke 
Were-a17 o f  the High Cascades c 
overlap the range o f  Western Castades s i l i c i  
There i s  a1 so complete overlap ~ betviee 
and l a t e  High Cascade mafic rocks,-so 
mafic lavas o f  the High-Cascades and 
compositions i n d i c a t i v e  o f  i f f  e r i  ng sources 
mel t ing (Figures 4 and 5). The -High Cascade 
extremes o f  t h e i r  composSt nal  range, much 
Western Cascade samples, a property they share w i t h  con 
rocks o f  the Basin and Range- province. (Figures-4 and 5) 
lavas from the upper p a r t  o f  the'ear1y:Western'Cascades 

* i ron-r ich,  as the High Casca 

Many o f  the High Cascade. bas 
possess d i  k t y t a x i t i c  textures.iand some-cdntain a brownish, probably t i t a n i -  

poraneous basal t i c  
Only, the tho?ei  i t i c  

, 

ferous, clinopyroxene i n  o p h i t i c  t o  subophit ic intergrowth i n  the groundmass. 
The m a j o r i t y  o f  these maffc lavas:coh~aio-~16% o r  more alumina 
the' 'border1 i n e  between hjgh-alumina and,.al k a l i  

few a re  nepheline' normative and can be c a l l e d  a l k a l i  basdl t  a (  

The a l k a l i -  and alumina-rich nature of eastern Oregon basal ts has been 
documented by Walker (1970), and, more recent ly,  i n  southeastern Oregon, 
by Hart and Mertzman (1980) and Hart (1 81). 
s i m i l a r i t i e s  between eastern Oregon arid l a t e .  High Cascade, basal ts.  
and others (1981) noted the s i m i l a r i t i e  between e a r l y  High'Ca 
Basin and Range basalts; 

may be characterized as sl i g h t l y  a1 kal  jne 'high I 

Flaherty (1981) -pointed ou t  
P r i e s t  

PETROLOGIC SPECULATION 

The chemical and tex tu ra l  s i m i l a r i t y  o f  basal ts o f  the Basin and Range t o  
those o f  the e a r l y  and la t i?  High Cascades i s  evidence t h a t  s i m i l a r  processes 
o f  magma generation, perhaps re la ted  t o  Basin and Range spreading, are 
operative i n  both areas. This speculation, o f  course, c a r r i e s  the i m p l i c i t  
assumption t h a t  there i s  a causal re la t i onsh ip  between volcanism and 
tectonism - an unproven hypothesis. Taylor (1981) f i r s t  suggested t h i s  
re la t i onsh ip  between l a t e  High Cascade and Basin and Range processes. 
F laher ty  (1981) provided a more extensive discussion o f  t h i s  re la t i onsh ip  
f o r  l a t e  High Cascade basalts, and P r i e s t  and others (1981) f i r s t  speculated 
t h a t  Basin and Range processes might have af fected generation o f  e a r l y  
High Cascade magmas a t  Cougar Reservoir. Some petro log ic  arguments o f  
Flaherty (1981) requi re  r a p i d  ascent o f  e a r l y  High Cascade basa l t i c  magma 
from deep levels ,  possibly by extensional f a u l t i n g .  We Suggest t h a t  t h i s  
f a u l t i n g  may have been the r e s u l t  o f  extensional Basin and R 
tec ton i sm . 
Lack o f  a north-south trending l i n e  o f  composite cones and 1 
quan t i t i es  o f  lava o f  intermediate composition i n  the Basin 
province.suggest t h a t  there i s  a lso a fundament 
and/or processes o f  magma generation i n  tt ie'Bas 
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Figure 5. Nepheline (NE) - clinopyroxene (CPX) - olivine (OL) - 
orthopyroxene (OPX) - quartz (QZ) quadrilateral showing the 
same fields of composition as Figure 4. Normative minerals 
calculated with an Fe20g/Fe0 molecular ratio of 0.28. 
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Figure 6. Iron to magnesium ratio versus silica showing 
the same compositional fields as Figure 4 relative 
to fields of tholeiitic differentiation series and 
calc-alkaline differentiation series of Miyashiro 
(1974). FeO = total iron recalculated to Fe+2. 
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Figure 7 .  FeO* (total iron recalculated to Fe+*) 
versus silica for the same fields as Figure 4. 
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Small volumes o f  youthfu l  d i k t y t a x i t i c  basal ts i n  the Mount Hood area 
(Boring-type lavas) and southern Washington (Paul Hammond, personal communi- 
cat ion)  are evidence t h a t  some o f  t he .  same volcanic processes d i s t i n c t i v e  . 

of the cen t ra l  Oregon Cascades a1 so operate w i t h  reduced i n t e n s i t y  n o r t h  
o f  the Clackamas zone, 
subduction-dominated heat f l o w  no r th  o f  the Clackamas zone i s  a l s  
r e s u l t  o f  extensional tectonism. 

IMPLICATIONS FOR GEOTHERMAL EXPLORATION 

The best regional  t a rge t  for  geothermal resources i n  Oregon i s  the High 
Cascade province south o f  the Clackamas River wrench f a u l t  zone. I nd i v idua l  
d r i l l  s i t e s  should be placed where f r a c t u r e  premeabi l i ty  and heat f l o w  a re  
a t  a maximum. Major in tersect ions o f  youthfu l  f a u l t s  wi th  s i t e s  o f  Holocene 
volcanism o r  w i t h  other  f a u l t s  are the best exp lo ra t i on  s i tes.  North-south 
t rending f a u l t s  may have more open fractures,  since they are p a r a l l e l  t o  the 
major compressive stress a x i s  discussed previously. 
are most favorable because they are f requent ly  under la in  by shallow p lu ton i c  
bodies. 

The Three Sisters-Newberry volcano area i s  the best explorat ion s i t e  i n  the 
Cascades, because i t  meets a l l  of the above c r i t e r i a .  
f a u l t s  w i t h  northeast, northwest, and north-south s t r i k e s  converge i n  t h i s  
area (e.g. Wells and Peck, 1961; Peterson and others, 1961), and s i l i c i c  
volcanic centers occur both a t  the South Sis ter ,  where a broad s i l i c i c  high- 
land 24 km i n  diameter occurs (Taylor, 1981), and a t  Newberry volcano (McLeod 
and others, 1981). A g r a v i t y  anomaly, poss ib ly  associated w i th  a s i l i c i c  
p lu ton i c  complex, covers an area o f  275 km2 a t  Newberry vo7cano (Black, 
1982). The po ten t i a l  a t  Newberry i s  underscored by recent discovery o f  
hydrothermal f l u i d s  w i t h  temperatures o f  265" C a t  a depth o f  932 m (3,057 ft) 
i n  the caldera (Sammel, 1981). 

Other secondary targets  include the fo l l ow ing  areas where f r a c t u r e  permeabi l i ty  
i s  combined w i t h  heat f l o w  high enough f o r  temperatures greater than 175" C 
w i t h i n  3 km (9,843 f t)  o f  the surface (i.e. w i t h i n  the highest heat f l o w  area 
of Figure 3 ) :  

It i s  thus probable t h a t  a small component of the 

S i 1  i c i c  vo lcanic  centers 

Pliocene t o  Quaternary 

Ld 

1. A l l  north-south t rending f a u l t s  i n  the High Cascades and areas 
immediately adjacent t o  the High Cascades. Mapped f a u l t s  o f  
t h i s  type include margins o f  High Cascade a x i a l  grabens a t  the 
upper McKenzie River (Avramenko, 1981), Bel knap ho t  springs 
(Brown and oth,ers, 1980a; Flaherty, 1981), the Green Ridge-Tumalo 
Fau l t  Zone (Hales, 1975; Peterson and others, 1976), Diamond Lake 
(Barnes, 1978), Walker R i m  (Wells and Peck, 1961), and Lake o f  the 
Woods (Maynard, 1974). 
w i t h  these mapped f a u l t s  are a l so  good ta rge ts  (see Al len, 1965; 
Venkatakrishnan and others, 1980; Kienle and others, 1981). 

Other areas w i t h  l i n e a t i o n s  on s t r i k e  

2. Northwest-trending f a u l t s  p a r a l l e l  t o  Basin and Range trends i n  
the southern Cascades may a lso be good ta rge ts  (e.g. see Naslund, 
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1977; Kien?e and others, 1981). The Klamath Graben area i s  
probably one’of the best prospects: Even though i t  i s  par t  o f  

adjacent t o  the High Cascades tha t  i t  probably shares many 
’ geological and heat f low character ist ics w i th  the High Cascades. 
.‘ This i s  supported by recent Curie-Point isotherm studies which show 

tha t  temperatures o f  580’ C may be encountered as shallow as 4 km 
under the Mt .  McLoughlin-Klamath Lake area (McLain, 1981). 

3.  The in tersect ion zone o f  northwest-trending f a u l t s  o f  the Eugene- 

of the Walker R i m  may be an area o f  unusually high f racture per- 
meabi l i ty  (e.g. see Wells and Peck, 1961; Kienle and others, 1981). 
Simi lar  in tersect ion zones may occur where the Eugene-Denio zone 

. meets the Cascade ax is  i n  the Western Cascades, and a t  the i n te r -  
section o f  the Clackamas River and Mt. McLoughlin zones w i th  the 
High Cascade axis. 

~ ’ the Basin.and Range physiographic province, i t  i s  so c losely  
i ’6, 

, Denio 1 ineament w i th  ’north-south and northeast s t r i k i n g  f a u l t s  

CONCLUSIONS 

Ex tens ion a 1 de format i o 
been local ized i n  thermally weakened c r u s t  o f  the High Cascade volcanic arc. 
Northwest trending Basin and Range -structures swing i n t o  a north-south 
or ientat ion w i th in  the arc forming a general zone o f  subsidence. Extensional 
deformation, mafic volcanism less than 9.0 m.y. old, and heat f low a l l  increase 
abrupt ly south o f  the. Clackamas River - r i g h t  l a t e r a l  wrench fau l t .  Similar, 
but more pronounced ,changes occur across the Brothers wrench f a u l t  zone. 
Compositional and textura l  s i m i l a r i t y  o f  some basalts i n  both the central  
Cascades and the Basin and Range Province suggests a s imi la r  petrogenesis 
The Brothers-Clackamas f a u l t  zone may thus have been.a fun mental p la te  
boundary 1 i m i  t i n g  northward spread o f  Basin and Range-sty1 deformation a 
associated mafic volcanism since about 9 m.y. ago. The High Cascades have 
acted as a s imi la r  boundary zone l i m i t i n g  wes ard inf luence o f  Basin and 
Range deformation. 

Basal t ic  andesit 
chain which crosses the Clackamas boundary i n t o  klashington and continues 
south i n t o  Cali fornia. This unique chain o f  composite cones i s  missing from 
the Basin and Range province butz i s  common i n  other circum-Pacific volcanic 
arcs over subduction zones. Coexistence o f  t h i s  subduction-related feature 
with basalts s im i la r  t o  basalts o f  the Basin and Range indicate tha t  both 
subduction and process ted t o  Basin and Range spreading probably cause 
p a r t i a l  melt ing beneat ent ra l  Cascades. The resu l t ing  high ra te  o f  
magmatism has produced a t  f l o w  i n  the central  High Cascades an 
where permea b l  e r o t  ks t h i s  may r e s u l t  i n  numerous high-temperature 
geothermal systems. Youthful f a u l t  systems and Holocene volcanic centers, 

robably re la ted t o  Basin and Range spreading, has 

I -  

noes form a north-south 

geothermal targets. 
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