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G r a v i t y  Anomalies i n  t h e  Cascade Range i n  Oregon 
S t r u c t u r a l  and Thermal I m p l i c a t i o n s  

R. Couch, G.S. P i t t s ,  M. Geriiperle 
D. Braman, and C .  Veen 

Geophysics Group, School o f  Oceanography 
Oregon S t a t e  U n i v e r s i t y  , C o r v a l l  i s ,  OR 97331 

I n t r o d u c t i o n  

The H igh  Cascade Mountains, a consequence o f  t h e  subduc t i on  o f  t h e  

Juan de Fuca P l a t e  beneath t h e  c o n t i n e n t a l  marg ins o f  n o r t h e r n  C a l i f o r -  

n i a ,  Oregon, Washington, and B r i t i s h  Columbia, extend, as a v o l c a n i c  

a r c ,  f r om  n o r t h e r n  C a l i f o r n i a  t o  B r i t i s h  Columbia. Lavas and py ro -  

c l a s t i c s  o f  t l iocene th rough  Recent age, v a r i a b l e  i n  b o t h  t i m e  and space, 

have i n t r u d e d  i n t o ,  passed th rough ,  and covered o l d e r  r ocks  o f  unknown 

age, s t r u c t u r e ,  and compos i t i on ;  consequen t l y  t h e  e v o l u t i o n  and c o n s t i -  

t u t i o n  o f  t h e  Cascade Range i s  v e r y  complex. 

Because o f  marked d i f f e r e n c e s  i n  t h e  d e n s i t i z s  and depths o f  t h e  

d i f f e r e n t  g e o l o g i c  u n i t s  t h a t  f o rm  t h e  Cascade Range, measurements o f  t h e  

ear th 's  g r a v i t y  f i e l d  can o u t l i n e  many o f  t h e  s t r u c t u r a l  u n i t s  and p ro -  

v i d e  l i m i t s  on e s t i m a t i o n s  o f  t h e  d e n s i t i e s ,  depths and p e t r o l o g y  o f  

t h e  subsur face  u n i t s  p a r t i c u l a r l y  when used i n  c o n j u c t i o n  w i t h  o t h e r  

geophys ica l ,  g e o l o g i c a l ,  and geochemical  da ta .  T h i s  r e p o r t  summarizes 

g r a v i m e t r i c  neasurenients made by many i n v e s t i g a t o r s  i n  t h e  Cascades 

and su r round ing  r e g i o n s  s i n c e  app rox ima te l y  1965 ; p rov i des  f r e e - a i r ,  

Bouguer, r e g i o n a l ,  and r e s i d u a l  g r a v i t y  maps o f  t h e  Cascade Range i n  

Oregon between 121" W .  l o n .  and 122'30' W .  l on . ;  and d iscusses  some 

o f  t h e  s t r u c t u r a l  and geothermal imp1 i c a t i o n s  o f  t h e  observed anomal i e s .  



Grav i t y  Measurements 

Measurements of t he  e a r t h  ' s  g r a v i t a t i o n a l  acce lera t ion ,  repor ted  

by Blank (19651, Blank (1968), Leutsher (1968), Thi ruvathukal  (1968), 

G r i  scorn (1  974), Griscom (1 975), Hassemer and Peterson (1977), Van 

Deusen (1978), B lake l y  (1979), Couch and Gemperle (1979), P i  t t s  (1979), 

Finn (1980), Braman (1981 ) , and Veen (1981 ) , prov ide  t h e  p r i n c i p a l  f a c t s  

f o r  approximately 5210 g r a v i t y  s t a t i o n s  l oca ted  (F igure  1)  i n  t h e  Cas- 

cade Range. 

A11 o f  t he  g r a v i t y  s t a t i o n s  are  referenced t o  t he  I n t e r n a t i o n a l  

Grav i t y  Base S t a t i o n  l oca ted  a t  t h e  Carnegie I n s t i t u t e ,  Washington, 

D.C., through a  se r i es  o f  pr imary and secondary base s t a t i o n s  estab- 

1  ished i n  Washington, Oregon, and C a l i f o r n i a  (e. g. Wool l a r d  and Rose, 

1963; Berg and Thiruvathukal  , 1965; Blank, 1968; Barnes, 1968; P i  t t s ,  

1979; Braman, 1981 ; and Veen, 1981). 

The c i r c l e s  i n  Couch and o thers  (1982)* show the  l o c a t i o n  o f  t he  

g r a v i t y  s t a t i o n s  i n  t h e  Cascade Mountains reg ion .  The average s t a t i o n  

2 dens i t y  f o r  t he  approximately 46,000 km area i s  one s t a t i o n  per  9  

square k i lometers ;  however, s t a t i o n  d e n s i t i e s  w i t h i n  l a r g e  sec tors  o f  

the  survey area vary s i g n i f i c a n t l y .  C lose ly  spaced s t a t i o n s  occur near 

T imber l ine  Lodge on Mount Hood, a long t h e  Bonnev i l le  Power Administ ra-  

t i o n  t ransmission l i n e  between Mount Hood and Mount Je f fe rson,  across 

Green Ridge eas t  o f  Mount Je f fe rson,  around Pau l ina  and East Lakes i n  

Newberry Caldera and along many o f  t he  roads and highways i n  t h e  reg ion .  

Sparsely surveyed areas i nc lude  t h e  area between Mount Hood and t h e  

Columbia River ,  t he  Western Cascades west and southwest o f  Mount Hood, 

*Residual g r a v i t y  anomaly maps from t h i s  study have been re leased by 
the  Oregon Department o f  Geology and Mineral  I n d u s t r i e s  as Geologic Map 
Ser ies GMS-26 ( p r i n t e d  on topographic base, sca le  1  :250,000). 



t h e  Mount Jef ferson Wi lderness area, t h e  Three S i s t e r s  Wi lderness a rea  

and t h e  Klamath Graben n o r t h  of Klzmath Lake. The s t a t i o n  d e n s i t y  i s  

more than  s u f f i c i e n t  t o  o u t l i n e  most of  t h e  ma jo r  s t r u c t u r e s  o f  t h e  

Cascade Range; however, t h e  observed anomal ies undoubtedly  do n o t  r e -  

f l e c t  many o f  t h e  s m a l l e r  f a u l t s ,  cones, hypabyssal i n t r u s i o n s ,  and 

o t h e r  g e o l o g i c a l  s t r u c t u r e s  p resen t  i n  t h e  r eg i on .  

The h i g h - r e l i e f  o f  t h e  t e r r a i n  i n  t h e  Cascade Range makes good 

p o s i t i o n  c o n t r o l  bo th  d i f f i c u l t  and i m p e r a t i v e  f o r  success fu l  g r a v i t y  

measurements. U.S. Geo log ica l  Survey, U.S. Coast and Geodet ic  Survey, 

Oregon S t a t e  Highway, U.S. Fo res t  Serv ice ,  and B o n n e v i l l e  Power Adminis- 

t r a t i o n  benchmarks, spo t  e l e v a t i o n s  shown on U.S. Geo log ica l  Survey 

7.5- and 15-minute topograph ic  maps, and measurements w i t h  ane ro i d  

a1 t i m e t e r s  p rov i ded  s t a t i o n  e l e v a t i o n s .  Geodet ic  l e v e l i n g  on M t .  Hood 

and s t e r o  aerophotos o f  C ra te r  Lake p rov i ded  t h e  e l e v a t i o n s  o f  a  few 

s e l e c t e d  s t a t i o n s .  Benchmark l o c a t i o n s  and U. S. Geo log ica l  Survey 

7.5- and 15-mi nu te  maps p rov i ded  h o r i z o n t a l  pos i  ti on i n f o r m a t i o n .  

D e s c r i p t i o n s  o f  t h e  p o s i t i o n  and base s t a t i o n  c o n t r o l ,  d r i f t  and 

t i d e  c o r r e c t i o n s ,  meter  and r e d u c t i o n  parameters and f i e l d  procedures 

used by t h e  i n v e s t i g a t o r s  a r e  con ta i ned  i n  t h e i r  r e s p e c t i v e  r e p o r t s .  

The p r i n c i p a l  f ac t s  o f  t h e  measurements compi led f o r  and desc r i bed  i n  

t h i s  r e p o r t  a r e  c u r r e n t l y  a r c h i v e d  i n  t h e  Geophysics Group, Oregon 

S t a t e  U n i v e r s i t y ,  t h e  Defense Mapping Agency, S t .  Louis ,  M i ssou r i ,  

and i n  t h e  Na t i ona l  Geophysical  S o l a r - T e r r e s t i a l  Data Center,  Boulder ,  

Colorado. 



Calculation of the  Free-air and Bouguer Gravity Anomal i es  

The prfncipal f a c t s  of the  gravi ty  measurements described above 

were reduced t o  f r e e - a i r  anomalies using the  formula: 

FAA = OG + FAC - THG - - - - 

where OG i s  the observed gravi ta t ional  a t t r a c t i on  a t  the  s t a t i on ,  FAC - 
i s  the f r e e - a i r  correction fo r  the elevation of the s t a t i on  w i t h  respect 

t o  sea l eve l ,  and THG i s  the  theoret ical  gravi ta t ional  a t t r a c t i on  on the 

ear th  spheroid as  given by the  1930 International Gravity Formula. The 

f r ee - a i r  correct ion,  as formulated by Scheibe and Howard (1964), i s  

where - h = elevation of the s t a t i on  i n  f e e t  and + i s  the  l a t i t ude  of the - 

s t a t i on .  The 1930 International Gravity formula (Swick, 1942; Hei s kanen 

and Vening Meinesz, 1958) i s  

The complete Bouguer anomaly (CBA) which takes in to  account the 

elevation of the s t a t i on  ( F A C )  - and the  e f f ec t s  of the  mass of the ear th  

between the  s t a t i on  and the  spheroid i s  given by the  re la t ion :  

CBA = FAA - SBC - CC - TC - - - - -  

where SBC i s  the simple Bouguer correct ion,  - CC i s  the  curvature correc- 

t ion ,  and - TC i s  the  t e r r a i n  correct ion.  

The simple Bouguer correct ion (Bullard,  1936) i s  the a t t r a c t i on  of 

an i n f i n i t e  s lab  of thickness - h and densi ty  - p given by the  re la t ion  



SBC = 2 G h = 0.012774 h - - - - 

where - G i s  the universal gravi ta t ional  constant and h i s  in f e e t .  A - 

3 standard reduction densi ty  of 2.67 gm/cm was used in  the computation 

of the simple Bouguer correction and the  complete ~ o u g u e r  anomalies. 

The curvature correction reduces the e f f e c t  of the i n f i n i t e  s l ab  

to  t h a t  of a spherical cap of radius 166.7 km and thickness h (Swick, 

1942). The correct ion i s :  

The t e r r a in  correct ion (TC), - which compensates f o r  the e f f ec t s  of 

local topography on gravity measurements was made by hand from f i e l d  

notes on the topography out to  a radia l  d is tance of 68 m (tiayford and 

Bowie, 1912; zones A and B) from the s t a t i on  using the ~ e t h o d s  

of Robbins and Oliver (1970). Terrain corrections f o r  radia l  d i s -  

tances of 68 m to  166.7 km from the s t a t i on  (tlayford and Bowie, 

1912; zones C through 0)  were made by computer w i t h  a program de- 

veloped by Plouff (1977). Digital  topographic information, obtain- 

ed from the National Cartographic Information Center (NCIC) and 

reduced t o  areal  blocks of one-half minute, one minute, and three  

minutes, provided the data base to  compute the t e r r a in  correct ion 

fo r  each s t a t i on .  Digital topography was not ava i lab le  f o r  a l l  zones 

around several s t a t i ons .  Terrain correct ions  fo r  those zones were 

calculated by hand using techniques described by Oliver and others  

(1 969). Terrain corrections f o r  s t a t i ons  from Blank (1965) and 

Thiruvathukal (1968) were recomputed fo r  zones C through 0 (Hayford 

and Bowie, 1912). 



P i t t s  (1979),  Braman (1981),  and Veen (1981) es t imated  root-mean- 

square u n c e r t a i n t i e s  of l e s s  than 1 mgal f o r  f r e e - a i r  anomalies and l e s s  

than 1 . 5  mgal f o r  complete Bouguer anomalies i n  t h e  Cascade Mountains 

reg ion .  Thiruvathukal (1968) es t imated  u n c e r t a i n t i e s  of 1 t o  2 mgal f o r  

t h e  Bouguer anomalies included i n  h i s  compilat ion of d a t a  f o r  t h e  grav- 

i  t y  map of Oregon. 



Free-Ai  r Grav i  t y  Anoma 1  i es 

P i t t s  and Couch ( 1  978) and P i  t t s  (1  979) p repared  a  f r e e - a i  r g r a v i t y  

anomaly map of t h e  c e n t r a l  Cascade Elountains a t  a  s c a l e  o f  1  :125,000, 

and Couch and o t h e r s  (1981a) and Couch and o t h e r s  (1981 b)  have prepared 

f r e e - a i r  g r a v i t y  anomaly maps o f  t h e  n o r t h e r n  and sou the rn  Cascade 

blountains a t  a  s c a l e  of 1  :250,000. F i gu res  3, 4, and 9  show t h e i r  f r e e -  

a i r  g r a v i t y  anonialy naps o f  t h e  n o r t h ,  c e n t r a l ,  and sou th  sec to r s ,  r e -  

s p e c t i v e l y ,  reduced t o  a  s c a l e  o f  app rox ima te l y  1  : 1,000,000. Anomaly 

con tours  occur  a t  10-mgal i n t e r v a l s ,  and heavy con tou r s  occur  a t  50-mgal 

i n t e r v a l s .  The f r e e - a i r  g r a v i t y  anomal i e s  range f r om  l e s s  t han  -90 

mgal a l ong  t h e  Columbia R i v e r  gorge t o  over  + I50  mgal on Mount Hood 

and t h e  Three S i s t e r s .  

The f r e e - a i r  g r a v i t y  anomaly r e f l e c t s  t h e  t o t a l  g r a v i t a t i o n a l  ac- 

c e l e r a t i o n  a t  a  p o i n t  and i n c l u d e s  t h e  t o t a l  mass o f  t h e  e a r t h  i n  t h e  

measurement. Hence t h e  f r e e - a i r  g r a v i t y  anomal ies depend i n  p a r t  on 

s t a t i o n  e l e v a t i o n  and y i e l d  a  f r e e - a i r  anomaly map wh ich  resembles t h e  

topography, espec i a l  l y  a t  s h o r t  wavelengths.  F i gu res  3 and 6, however, 

show t h a t  t h e  average f r e e - a i r  anomaly i n  t h e  W i l l a m e t t e  V a l l e y  i s  

app rox ima te l y  t h e  same as i n  t h e  Deschutes Va l ley ,  although t h e  v a l l e y  

e a s t  o f  t h e  Cascade Mountains i s  more t han  3,000 f e e t  h i g h e r  i n  e l eva -  

t i o n  t han  t h e  v a l l e y  west  o f  t h e  Cascade Mountains. The f r e e - a i r  anom- 

a l i e s  i n d i c a t e  t h a t  t h e  e x t r a  mass o f  t h e  p l a t e a u  e a s t  o f  t h e  mounta ins 

i s  compensated e i t h e r  by l e s s  dense c r u s t a l  m a t e r i a l s  o r  a  t h i c k e r  c r u s t  

e a s t  o f  t h e  mounta ins.  C a l c u l a t i o n s  r e p o r t e d  by Deh l i nge r  and o t h e r s  

(1  968),  Th i r uva thuka l  and o t h e r s  ( 1  970),  and Dehl i nger  and o t h e r s  ( 1  970) 

based on g r a v i t y  measurements i n d i c a t e  t h e  c r u s t  i s  20 t o  25 km t h i c k  

west  o f  t h e  Cascade Mountains and 35 t o  45 km t h i c k  e a s t  o f  t h e  mounta ins.  



Recent seismic refract ion measurements in the Cascade Mountains reported 

by Wegener and others (1980) and Hill and others (1981 ) indicate the 

c rus t  i s  40 to 45 km thick along the axis  of the Cascade Mountains in 

northern Oregon. 



Bouguer G r a v i t y  Anomal i e s  

F igures  4, 7, and 10 show t h e  Bouguer g r a v i t y  anomal ies o f  t h e  Cas- 

cade Range i n  no r t he rn ,  c e n t r a l ,  and sou thern  Oregon r e s p e c t i v e l y .  The 

anomal ies range f rom g r e a t e r  than  -50 mgal near  t h e  Columbia R i ve r  i n  

t h e  nor thwes te rn  p o r t i o n  o f  t h e  Cascade Range t o  l e s s  than  -170 mgal i n  

t h e  Basin and Range Prov ince  o f  sou theas te rn  Oregon. The mapped Bouguer 

g r a v i t y  anomal i e s  e x h i b i t  a  marked g r a v i t y  g r a d i e n t  w i t h  va lues decreas- 

i n g  i r r e g u l a r l y  f rom nor thwes t  t o  sou theas t .  The constancy o f  t h e  

f r e e - a i r  anomal ies and t h e  change i n  Bouguer anomal ies i s  i n t e r p r e t e d  as 

compensation o f  t h e  e l eva ted  t e r r a i n  i n  eas te rn  Oregon by an i nc rease  

i n  t h e  t h i c kness  o f  t h e  c r u s t .  Along t h e  western p o r t i o n s  o f  t h e  mapped 

anomalies i n  F igures  4, 7, and 10, t h e  h i g h  g r a v i t y  g r a d i e n t  suggests 

n o t  o n l y  a  r e l a t i v e l y  r a p i d  change i n  c r u s t a l  t h i c kness  i n  a  s h o r t  d i s -  

tance i n  t h e  v i c i n i t y  o f  t h e  Western Cascades b u t  a l s o  a  change i n  t h e  

near -su r face  s t r u c t u r e s  f rom west t o  eas t .  

The Bouguer anomal ies about  t h e  Three S i s t e r s  and Newberry C r a t e r  

areas a r e  l e s s  pronounced than  on t h e  f r e e - a i r  g r a v i t y  anomaly map, 

whereas t h e  anomal ies about  Powel l  B u t t e  a r e  ve r y  prominent .  Th i s  i n -  

d i c a t e s  t h a t  Bouguer c o r r e c t i o n  and hence t h e  r e d u c t i o n  d e n s i t y  o f  

2.67 gm/cmJ i s  n e a r l y  c o r r e c t  f o r  Newberry C r a t e r  and f o r  p o r t i o n s  of 

t h e  S i s t e r s  vo l can i c  complex. The Three S i s t e r s ,  which have o n l y  a  

l i m i t e d  number o f  measurements about  them, appear t o  be ove rco r rec ted  

i n  F i gu re  7; hence, t h e i r  average d e n s i t y  i s  l e s s  than t h e  r e d u c t i o n  

3 
d e n s i t y  o f  2.67 gm/cm . The l a r g e  anomaly i n  t h e  v i c i n i t y  o f  Powel l  

B u t t e  i s  due t o  a  l a r g e  subsur face body whose d e n s i t y  i s  g r e a t e r  than 

t h e  sur round ing  coun t r y  r ock .  



Large mass d e f i c i e n c i e s  a r e  i nd i ca ted  i n  t h e  area south of the  

Three S is te rs  and west o f  Newberry Cra ter  and i n  t he  area northwest of 

Klamath Lake. These c losed negat ive  anomalies i n d i c a t e  l a r g e  f i l l e d  

o r  p a r t i a l l y  f i l l e d  sedimentary basins. 

The observed anomalies a re  discussed f u r t h e r  below a f t e r  d iscuss ion  

o f  spec t ra l  separat ion o f  t he  anomalies i n t o  t h e i r  reg iona l  and res idua l  

components. 



The Separa t ion  o f  Regional and Residual  
G r a v i t y  Anomal i e s  

Bouguer g r a v i t y  anomal ies a r i s e  f rom d i f f e r e n c e s  i n  d e n s i t i e s  

between t h e  topograph ic  f e a t u r e s  o f  i n t e r e s t  and t h e  r e d u c t i o n  d e n s i t y  

used t o  compute t h e i r  anomal ies and t o  d e n s i t y  inhomogenei t ies  a t  

depth.  Because t h e  observed g r a v i t a t i o n a l  a t t r a c t i o n  i s  p ro -  

p o r t i o n a l  t o  t h e  i n v e r s e  o f  t h e  d i s t a n c e  t o  t h e  source body squared, 

s t r u c t u r e s  a t  g r e a t e r  depth produce g r a v i t y  anomal ies o f  l ower  amp- 

1  i t u d e  and l onge r  wavelength than  s i m i l a r  sources a t  shal  l ower  depths.  

Hence t h e  sepa ra t i on  of t h e  l o n g e r  wavelength anomal ies o r  r e s i d u a l  

anomal ies a s s i s t s  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  measurements 

w i t h  r espec t  t o  t h e  sha l lower  s t r u c t u r e s .  

Spec t r a l  sepa ra t i on  techniques a p p l i e d  t o  t h e  complete Bouguer 

g r a v i t y  anomal i e s  desc r i bed  above y i e l  ded t h e  r e g i o n a l  g r a v i t y  

anomal ies i n  F i gu re  11 and t h e  r e s i d u a l  g r a v i t y  anomal ies i n  F i g -  

u res  14, 15 and 16. To ach ieve  anomaly separa t ion ,  i n i t i a l l y  

t h e  data, separated i n t o  t h r e e  r eg i ons  as o r i g i n a l l y  mapped ( ~ i g -  

u res  4, 7  and l o ) ,  were p r e f i l t e r e d  t o  de t rend  t h e  da ta  ( ~ a ~ n e r ,  

1971 ) .  The det rended da ta  were then  g r i dded  u s i n g  t h e  minimum curva-  

t u r e  techn ique  of B r i ggs  (1974) as desc r i bed  by B o l e r  (1979) and B o l e r  

and o the r s  (1978).  A  g r i d  spac ing o f  6  km was used t o  c r e a t e  a  da ta  ma- 

t r i x  t h a t  i n c l uded  r e g i o n a l  da ta  o u t s i d e  t h e  survey a rea .  P e r i o d i c i t y  

o f  t h e  data,  necessary f o r  t h e  a p p l i c a t i o n  of t h e  f a s t  F o u r i e r  t r a n s -  

f o rma t i on ,  was forced by r e p e a t i n g  t h e  da ta  m a t r i x .  The g r idded ,  per -  

i o d i c  da ta  were transformed u s i n g  a  r o u t i n e  o f  Brenner (1968) a f t e r  

Cooley and Tukey (1965).  

A p p l i c a t i o n  of a  "boxcar"  f i l t e r  desc r ibed  by Rayner (1971) and 



N e t t l e t o n  (1976) w i t h  a  cos i ne  squared t a p e r  t o  t h e  t rans fo rmed da ta  

y i e l d e d  s p e c t r a l  sepa ra t i on .  Subsequent ly t h e  i n v e r s e  t r a n s f o r m a t i o n  

and r e t r e n d i n g  r e s u l t e d  i n  a  r e g i o n a l  g r a v i t y  map f o r  t h e  complete 

m a t r i x .  These techn iques  were desc r i bed  i n  d e t a i l  by Bo le r  and o t h e r s  

(1 978), P i  t t s  (1 979) ,  Braman (1 981) and Veen (1 981 ) .  

The r e s i d u a l  anomaly va l ue  a t  each s t a t i o n  was c a l c u l a t e d  w i t h  

t h e  r e l a t i o n  

where - RA(,) i s  t h e  r e s i d u a l  anomaly a t  a  r e d u c t i o n  d e n s i t y  of ( p ) ,  - 

C B A ( ~ )  i s  t h e  complete Bouguer anomaly a t  a  r e d u c t i o n  d e n s i t y  of ( P )  - - 

and -- REG(p) i s  t h e  r e g i o n a l  anomaly a t  a  r e d u c t i o n  d e n s i t y  of  ( p ) .  - 

3 A r e d u c t i o n  d e n s i t y  o f  2.43 gm/cm was s e l e c t e d  t o  m in im i ze  t h e  e f -  

f e c t s  o f  t e r r a i n  i n  t h e  area o f  t h e  Cascade Range o u t l i n e d  i n  F i g u r e  1. 

Th is  d e n s i t y  i s  a  reasonable average f o r  t h e  area;  however, a  comparison 

o f  t h e  f r e e - a i r ,  Bouguer and r e s i d u a l  g r a v i t y  anomal ies suggests a  dens i -  

3  t y  of 2.6 t o  2.7 gm/cm would y i e l d  b e t t e r  r e s u l t s  f o r  Newberry Caldera 

3 and t h e  Yamsay Mounta ins,  whereas a  d e n s i t y  o f  2.3 gm/cm would y i e l d  

b e t t e r  r e s u l t s  f o r  Mt. Hood and t h e  Three S i s t e r s .  Indeed, Couch and 

Gemperle (1979) show a  b e s t  r e d u c t i o n  d e n s i t y  f o r  M t .  Hood o f  2.27 

3  
gm/cm . As a  consequence o f  t h e  l a r g e  v a r i a t i o n  i n  a c t u a l  d e n s i t i e s  o f  

t h e  s t r u c t u r e s  o f  t h e  r eg i on ,  c a r e  i s  adv ised  i n  i n t e r p r e t i n g  s i n g u l a r  

anomal i es. 

The s p e c t r a l  sepa ra t i on  o f  t h e  anomal ies occur red  a t  a  wave- 

l e n g t h  o f  approx imate ly  90 km. T h i s  wavelength o f  sepa ra t i on  y i e l d s  

r e s i d u a l  anomal ies w i t h  wavelengths s h o r t e r  t han  90 km t h a t  a r e  due t o  

sources a t  depths o f  l e s s  t han  approx imate ly  29 km. A  dep th  of 23 km 

i s  approx imate ly  one h a l f  t h e  t h i c kness  o f  t h e  e a r t h ' s  c r u s t  beneath 

an3 eas t  o f  t h e  Cascade Range. F i gu res  14, 15 and 16 show t h e  



r es i dua l  g r a v i t y  anomal ies of t h e  Cascade Range i n  Oregon c a l c u l a t e d  

as ou t1  i ned  above. 

F i g u r e  11 shows a map o f  t h e  r e g i o n a l  g r a v i t y  anomal ies w i t h  

wavelengths l o n g e r  t han  99 km. However, converse ly ,  t h e  source 

depths o f  t h e  r e g i o n a l  anomal ies, a l t hough  p r i m a r i l y  due t o  deeper 

sources, a r e  n o t  l i m i t e d  t o  sources below a dep th  o f  20 km. Near- 

s u r f a c e  geo log i c  u n i t s  o f  l a r g e  a r e a l  e x t e n t  a l s o  can produce l ong -  

wavelength anomal ies t h a t  may be i n c l u d e d  i n  t h e  r e g i o n a l  g r a v i t y  

map. 



Regional G rav i t y  Anomal i e s  

F igure  11 shows a  map of g r a v i t y  anomalies i n  t h e  Cascade Range i n  

Oregon w i t h  wavelengths longer  than 90 km. The reg iona l  g r a v i t y  anornal i es  

decrease i n  general from the  Coast Range t o  eas te rn  Oregon and f rom t h e  

Columbia R i ve r  t o  t he  Basin and Range Prov ince o f  southeastern Oregon. 

Changes i n  t he  l ong  wavelength components o f  t he  g r a v i t y  f i e l d  r e f l e c t  

changes i n  the  th ickness  o f  t he  c r u s t .  Computations by Th i ruva thuka l  

and o thers  (1970) and Dehl i n g e r  and o thers  (1970) based on g r a v i t y  

measurements i n d i c a t e  t h a t  t he  e a r t h ' s  c r u s t  i n  t h e  v i c i n i t y  o f  the  

Coast Range and Wi l lamet te  Va l l ey  i s  approx imate ly  20 t o  25 km t h i c k  and 

eas t  o f  t he  Cascades i t  i s  35 t o  45 km t h i c k .  H i l l  and o thers  (1981) 

i n t e r p r e t  r e f l e c t e d  seismic waves observed a long  a r e f r a c t i o n  p r o f i l e  

i n  t h e  no r th - cen t ra l  Cascade Range t o  i n d i c a t e  a  c r u s t a l  th ickness  of 

approx imate ly  40 km. The i r  r e s u l t s  a r e  i n  good agreement w i t h  those 

based on g r a v i t y  measurements. The c r u s t a l  c ross  s e c t i o h  i n  F igure  20 

i l l u s t r a t e s  t he  change i n  c r u s t a l  th ickness  f rom west t o  eas t  across the  

Cascade Range and shows t h a t  t he  change i n  th ickness  occurs most r a p i d l y  

beneath the  Western Cascades. 

The reg iona l  g r a v i t y  anomalies a l s o  suggest t h a t  t h e  e a r t h ' s  c r u s t  

i s  about 30 km t h i c k  near t h e  Columbia R i ve r  n o r t h  o f  M t .  Hood and as 

much as 45 km t h i c k  between the  Three S i s t e r s  and C ra te r  Lake. South- 

eas t  o f  C ra te r  Lake t h e  g r a v i t y  data suggest t h e  c r u s t  may be more than 

45 km t h i c k ;  however, an i n te rmed ia te  o r  t r a n s i t i o n  l a y e r  may be p resent  

between the  lower c r u s t  and upper mant le  i n  t h e  Basin and Range Prov ince 

(e.g. see Cook, 1962; Pakiser,  1963). We p o s t u l a t e  t h a t  t he  lower c r u s t  

and upper mant le  i n  southeastern Oregon i nc ludes  t h e  northward extension 



o f  t h e  i n t e r m e d i a t e  l a y e r  observed by Pak i se r  and H i l l  (1963) and Eaton 

(1963) i n  t h e  Bas in  and Range Prov ince  i n  Nevada. The c r u s t a l  c r oss  

s e c t i o n  i n  F i gu re  21 shows t h e  i n t e r m e d i a t e  l a y e r  and suggests t h e  

c r u s t  above t h e  i n t e r m e d i a t e  l a y e r  may be l e s s  t han  30 km t h i c k  i n  

sou theas te rn  Oregon. 

The nor thward  excu rs i on  o f  t h e  -80-mgal r e g i o n a l  con tou r  about  

M t .  Hood and t h e  nor thward excu rs i on  o f  t h e  -40-mgal con tou r  a b o u t . t h e  

Three S i s t e r s  may i n d i c a t e  changes i n  t h e  c r u s t a l  t h i c kness  o r  s t r u c t u r e  

o f  t h e  lower  c r u s t  beneath t h e  v o l c a n i c  centers ,  o r  a l t e r n a t i v e l y  t h e  

anomal ies may r e f l e c t  compensating masses i n  t h e  upper  c r u s t  complimen- 

t a r y  t o  t h e  masses t h a t  cause t h e  p o s i t i v e  anomal ies observed abou t  t h e  

vo l can i c  cen te r s  mapped i n  F i gu res  3, 6, 14, and 15. 

F i g u r e  12 shows topograph ic  and g r a v i m e t r i c  p r o f i l e s  a long  t h e  

a x i s  o f  t h e  High Cascades between t h e  Columbia R i v e r  and t h e  C a l i f o r n i a  

border .  The e l e v a t i o n s  a long  t h e  p r o f i l e  i n c rease  f rom j u s t  above sea 

l e v e l  a t  t h e  Columbia R i v e r  t o  a lmos t  6000 f e e t  between M t .  Washington 

and M t .  Mc lough l i n  except  f o r  t h e  LaPine v a l l e y  and t h e  area about  

Wick iup Rese rvo i r .  The shor t -wave leng th  p o s i t i v e  f r e e - a i r  g r a v i t y  

anomal ies r e f l e c t  bo th  t h e  topography and many l o c a l  mass concen t ra t i ons  

i n  t h e  upper  c r u s t ,  p a r t i c u l a r l y  beneath t h e  s t r a t ovo l canoes .  The aver -  

age f r e e - a i r  anomaly i s  p o s i t i v e  due b o t h  t o  uncompensated near -su r face  

f l o w s  and i n t r u s i o n s  and t o  an "edge e f f e c t "  caused by t h e  change i n  

c r u s t a l  t h i c kness  beneath t h e  Western Cascades. The complete Bouguer 

g r a v i t y  anomaly decreases as t h e  topograph ic  e l e v a t i o n  inc reases ,  t he re -  

by i n d i c a t i n g  t h e  h i ghe r  e l e v a t i o n s  o f  t h e  Cascade Range a r e  compensated 

a t  depth.  



Figure 13 shows topographic and gravity prof i les ,  oriented west-to- 

eas t ,  across s i x  of the High Cascades volcanoes. M t .  Hood, M t .  J e f fe r -  

son, South S i s t e r ,  and M t .  McLoughl in exhibi t  similar topographic and 

f ree-ai r  gravity anomalies. The f ree -a i r  anomalies s t a r t  near zero and 

increase in amplitude to a value approximately proportional to  the 

vo:ume of the respective mountain. I f  the central  peak anomaly of South 

S i s te r  i s  omitted, the f ree -a i r  anomaly signature of South S i s t e r ,  

Newberry Crater,  and Crater Lake are  s imilar .  The anomalies suggest a 

mass concentration a t  shallow depths beneath the summits. The Bouguer 

gravity anomalies show a general decrease in  amplitude from north to  

south as in Figure 12. This long-wavelength change in the Bouguer 

anomaly i s  due to the change in crusta l  thickness along the axis of 

the Cascades. A comparison of the f r e e - a i r  Bouguer and residual gravity 

anomalies suggests tha t  the average reduction density of 2.43 gn/cm3 i s  

approximately correct  fo r  Crater Lake (or M t .  Mazama) , s l  ightly too 

l i gh t  fo r  M t .  McLoughlin and Newberry Caldera, and too dense fo r  M t .  

Hood, South S i s t e r ,  and probably M t .  Jefferson. The average density of 

M t .  McLoughlin i s  probably between 2.43 and 2.50 gm/cm', whereas that  of M t .  
3 Hood, South S i s t e r ,  and probably M t .  Jefferson i s  near 2.3 gm/cm . The 

shape of the Bouguer and the residual gravity anomaly prof i les  suggests 

tha t  each of the volcanoes has a high density core or more dense mass 

beneath the summit. This may take the form of a dense central  conduit 

in M t .  Hood (Couch and Gemperle, 1979), M t .  Jefferson, South S i s t e r ,  and 

M t .  McLoughlin; a large int rus ive within the volcano or  near the base 

of the volcano (Williams and Finn, 1981); or a se r ies  of re la t ive ly  dense 

flows tha t  form the base of the volcano in Newberry Caldera, Crater 

L;ke, and South S i s t e r .  



Residual  G r a v i t y  Anomalies o f  t h e  
Cascade Range i n  Oregon 

The maps i n  GMS-26 (Couch and o the r s ,  1982) show t h e  r e s i d u a l  g rav -  

i t y  anomal ies o f  t h e  no r t he rn ,  c e n t r a l ,  and sou thern  s e c t o r s  r e s p e c t i v e l y  

of t h e  Cascade Range i n  Oregon a t  a  s c a l e  o f  1:250,000, and F i gu res  14, 15 

and 16 show t h e  r e s i d u a l  g r a v i t y  anomal ies a t  a  s c a l e  o f  approx imate ly  

1  :1,000,000. The g r a v i t y  anomal ies, whose sources a r e  l o c a t e d  i n  t h e  

upper 20 km of t h e  e a r t h ' s  c r u s t ,  range f rom l e s s  than  -26  mgal n o r t h  o f  

Klamath Lake t o  more t han  30 mgal near  Terrebonne n o r t h  o f  Redmond. 

The High Cascades e x h i b i t  p o s i t i v e  r e s i d u a l  g r a v i t y  anomal ies a long  

t h e  v o l c a n i c  a r c  t h a t  a r e  more e x t e n s i v e  than  t h e  prominent  peaks. I n  

t h e  v i c i n i t y  o f  M t .  Hood t h e  anomal ies a r e  sma l l ,  and a l t hough  no s i n g l e  

ou t s t and ing  anomaly i s  c o i n c i d e n t  w i t h  t h e  topograph ic  peak, t h e  r e g i o n  

about  t h e  peak i s  i n  genera l  a  r e s i d u a l  g r a v i t y  h i gh .  Th i s  suggests 

t h a t  though t h e  d e n s i t y  o f  t h e  s u r f a c e  f e a t u r e s  i s  low, more dense r o c k  

occurs a t  a  sha l l ow  dep th  beneath t h e  s u r f i c i a l  f e a t u r e s .  The p o s i t i v e  

anona l ies  a r e  i n  p a r t  assoc i a t ed  w i t h  t h e  Columbia R i v e r  b a s a l t s  and 

may o u t l i n e  t h e  e x t e n t  o f  t h e  b a s a l t s  beneath t h e  post-Miocene rocks  

about  and n o r t h e a s t  o f  M t .  Hood. The anomal ies a l s o  may i n d i c a t e  more 

dense basement r ocks  beneath t h e  b a s a l t s  i n  t h e  v i c i n i t y  o f  M t .  Hood. 

S i m i l a r l y  , H i 1  1  and o t h e r s  (1981) i n t e r p r e t e d  t h e i r  se i sm i c  rneasure- 

ments t o  i n d i c a t e  a  r e g i o n a l  t h i n n i n g  o f  t h e  l o w - v e l o c i t y  near -su r face  

rocks  o r  a  doming o f  t h e  "basement" w i t h i n  10 krn o f  M t .  Hood. 

A p rominen t  p o s i t i v e  anomaly e n c i r c l e s  and connects Newberry 

Caldera and t h e  Three S i s t e r s .  The anomaly a l s o  extends nor theas tward  

f rom t h e  n o r t h  f l a n k  o f  Newberry t o  t h e  area abou t  Powel l  Bu t t e ,  

no r th -nor thwes tward  f rom t h e  n o r t h  f l a n k  o f  Newberry t o  t h e  area abou t  



t h e  Three S i s t e r s ,  and t h e n  n o r t h - n o r t h w e s t w a r d  f r o m  t h e  Three S i s t e r s  

toward  Three F i n g e r e d  Jack.  The r e s i d u a l  g r a v i t y  anomaly p a t t e r n  sug- 

g e s t s  t h a t  t h e  Three S i s t e r s ,  Newberry Ca lde ra ,  and Powe l l  B u t t e  v o l -  

c a n i c  c e n t e r s  a r e  connec ted  a t  d e p t h  and f u r t h e r  t h a t  t h e i r  p lacement  

i s  s t r u c t u r a l l y  c o n t r o l  l e d  by  f r a c t u r e s  o r  l i t h o l o g i c  d i s c o n t i n u i t i e s  

o r i e n t e d  n o r t h w e s t - s o u t h e a s t  and n o r t h e a s t - s o u t h w e s t .  

A na r row band o f  c o n t i g u o u s  g r a v i t y  l ows  ex tends  f r o m  sou thwes t  

o f  Y t .  Hood near  45'10' N.  l a t . ,  121'50' W. l o n .  t o  t h e  a rea  s o u t h  of  

Oak r idge  near  43'15' N. l a t . ,  122'20' W. lon., t h e n  sou theas tward  t h r o u g h  

Klamath Lake t o  Klamath Fal ls,  and t h e n  southward i n t o  n o r t h e r n  C a l i f -  

o r n i a .  T h i s  band o f  g r a v i t y  l ows  v a r i e s  i n  w i d t h  f r o m  l e s s  t h a n  10 km 

s o u t h  o f  Oak r idge  and wes t  o f  M t .  J e f f e r s o n  t o  more t h a n  20 km s o u t h -  

west  o f  t h e  Three S i s t e r s  an3 i s  i n t e r r u p t e d  o n l y  by  t h e  M t .  Hood and 

M t .  Mazama v o l c a n i c  complexes.  N o r t h  o f  C r a t e r  Lake t h e  l ows  a r e  

l o c a t e d  a l o n g  and e x t e n d  ac ross  t h e  zone o f  c o n t a c t  between t h e  Western 

Cascades and t h e  H i g h  Cascades. They c r o s s  t h e  a x i s  o f  t h e  H i g h  Cas- 

cades a t  C r a t e r  Lake and ex tend  i n t o  t h e  B a s i n  and Range P r o v i n c e  of  

s o u t h e r n  Oregon and i n t o  t h e  Modoc P l a t e a u  o f  n o r t h e r n  C a l i f o r n i a .  We 

i n t e r p r e t  t h e s e  g r a v i t y  anomal ies  t o  i n d i c a t e  a  l a r g e  f r a c t u r e  sys tem 

and an a s s o c i a t e d  b road  b r e c c i a  zone t h a t  ex tends  a l o n g  t h e  Cascade 

Range f r o m  t h e  Columbia R i v e r  t o  n o r t h e r n  C a l i f o r n i a .  The g r a v i t y  

anomaly minima sugges t  t h a t  v e r t i c a l  d i s p l a c e m e n t s  of  2  t o  3 km o c c u r  

a l o n g  t h e  wes t  s i d e  o f  t h e  f r a c t u r e  zone. T h i s  zone has been covered,  

i n  p a r t ,  by  younger  v o l c a n i c  d e p o s i t s  and l a v a  f l o w s  o f  H i g h  Cascade 

o r i g i n  and obscu red  by contemporary  i n t r u s i o n s .  F o r  example, g r a v i t y  

anomaly h i g h s  s o u t h e a s t  o f  Oakr idge,  west  o f  t h e  Th ree  S i s t e r s ,  west  

o f  Mt.  Washington and west  o f  M t .  J e f f e r s o n  o u t l i n e  f l o w s  o r  i n t r u s i o n s  



t h a t  c o v e r  o r  ex tend  i n t o  t h e  e a s t e r n  s i d e  o f  t h e  b r e c c i a t e d  zone. 

S teep  g r a v i t y  g r a d i e n t s  e a s t  o f  M t .  McLough l i n  o u t l i n e  a  f a u l t -  

bounded graben t h a t  ex tends  f r o m  t h e  s o u t h e a s t e r n  f l a n k  o f  M t .  Yazama 

t o  t h e  s o u t h  end o f  Klamath Lake. Computat ions based on t h e  g r a v i t y  

minimum o f  -26  mgal and a  d e n s i t y  c o n t r a s t  between sed iments  i n  t h e  

graben and basement r o c k  o f  9 .5  gm/cm3 suggest  t h e  sed iment  t h i c k n e s s  

i n  t h e  graben i s  1  t o  1 . 3  km i n  t h e  v i c i n i t y  o f  F o r t  Klamath.  

The g r a v i t y  l o w  s o u t h  of  t h e  Three S i s t e r s  o u t l i n e s  a  sed iment -  

f i l l e d  b a s i n ,  h e r e i n  termed t h e  Shukash Bas in ,  i n  t h e  v i c i n i t y  of  

Wick iup R e s e r v o i r  and Lookout  Mounta in .  An arm o f  t h e  b a s i n ,  h e r e i n  

termed t h e  P a u l i n a  Bas in ,  ex tends  sou theas tward  a l o n g  t h e  base o f  t h e  

w e s t e r n  f l a n k  o f  P a u l i n a  S h i e l d .  Computa t ions based on g r a v i t y  d a t a  

suggest  t h a t  t h e  sed iment  t h i c k n e s s  i s  abou t  1  km i n  t h e  b a s i n  and 

abou t  9.5 km a l o n g  t h e  sou thwes t  base o f  P a u l i n a  S h i e l d .  N e i t h e r  of  

t h e s e  b a s i n s  i s  apparen t  on g e o l o g i c  maps o f  t h e  a rea  (e.g.  see Peter -  

son and o t h e r s  (1976)  and Walker  (1977) .  The s u r f a c e  geo logy i n  t h e  

a rea  i n c l u d e s  Holocene c i n d e r  cones and g l a c i a l  d e b r i s .  The c i r c u -  

l a r i t y  of  t h e  anomaly and t h e  presence o f  young c i n d e r  cones i n  and 

p a r t i c u l a r l y  a l o n g  t h e  n o r t h e r n  r i m  o f  t h e  Shukash Bas in  sugges t  sub- 

s i d e n c e  o f  an o l d e r  v o l c a n i c  c e n t e r .  The p o s t u l a t e d  sed iments  o f  t h e  

P a u l i n a  B a s i n  may l i e  beneath  t h e  younger  f l o w s  and t u f f s  o f  t h e  

P a u l i n a  s h i e l d .  

A b road  g r a v i t y  l o w  o u t l i n e s  t h e  D e s c h l ~ t e s  B a s i n  e a s t  o f  Th ree  

F inge red  Jack and Mt.  J e f f e r s o n  and w e s t  of  t h e  Deschutes R i v e r .  Com- 

p u t a t i o n s  based on  t h e  g r a v i t y  d a t a  sugges t  t h a t  more t h a n  0.5 km o f  

sed iments  fill t h e  e a s t e r n  p a r t  o f  t h e  b a s i n .  .4 r e l a t i v e  g r a v i t y  h i g h  

between t h e  two lows i n  t h e  c e n t r a l  p a r t  o f  t h e  b a s i n  c o i n c i d e s  w i t h  



Green Ridge, a t i l t e d  f a u l t  block t h a t  exteqds across  the  basin from 

north t o  south.  The Deschutes Basin g r av i t y  low a l s o  extends i n t o  

t he  a rea  between and west and south of Redmond and Bend. 

A g r av i t y  low, elongated in t he  east-west  d i r e c t i o n ,  extends 

eastward from the  southeas t  f l ank  of Mt. Hood t o  t he  Whita River - 
Tygh Valley a r ea .  Tho negat ive g r a v i t y  anomaly, where i t  i s  w ides t ,  

coincides genera l ly  with t he  Tygh Valley Formation i n  t he  Tygh Basin 

descr ibed by Farooqui and o t h e r s  (1981).  The g r a v i t y  da ta  suggest  

t he  sediment th ickness  south of Tygh Ridge i s  more than '7.5 km and 

t h a t  t h e  basin shoa ls  toward t he  south .  

Prominent p o s i t i v e  res idua l  g r a v i t y  anomal i e s  include the  Yamsay 

M t .  and Newberry M t .  complexes, a marked nor theas t - t rending  high 

between Redmond and Yadras and an e a s t e r l y  t rending  high north of Warm 

Spr ings .  The conf igura t ion  and a r ea l  ex t en t  of t h e  Yamsay Yt. and 

Newberry M t .  anomalies suggest  t h e  s t r u c t u r e  of t he  complexes c o n s i s t s  

of uncompensated high-densi ty  flows t h a t  increase  in  number and/or 

thickness  toward t he  cen t e r  of t h e  complexes, In add i t i on  o r  a l t e r -  

n a t i v e l y ,  as  Williams and Finn (1981) have suggested,  t h e  mountains may 

inc lude  l a r g e  i n t r u s i v e  bodies a t  shallow depths beneath t h e i r  summits. 

Walker Sim, prominent on topographic and geologic  maps, does not exh ib i t  

a marked res idua l  g r av i t y  anomaly; consequently i t  i s  be1 ieved t o  be 

only a su r f ace  o r  near -sur face  s t r u c t u r e .  

The pos i t i ve  g r av i t y  anomaly between Redmond and Madras i s  on 

t rend  with t h e  Blue Mountain a n t i c l  i ne  and i s  probably r e l a t e d  t o  

shoal ing of t he  pre-Ter t ia ry  basement along t he  a n t i c l i n e .  I f  t h i s  i s  

co r r ec t ,  the  basement u p l i f t  along t he  a n t i c l  ine  ends ab rup t ly  and i n  

e f f e c t  forms the  e a s t e r n  edge of t he  Deschutes Basin. S imi l a r l y  t he  



g r a v i t y  high nor th  of Warn Spr ings  o u t l i n e s  t he  e a s t e r l y  t rending  

a n t i c l i n a l  u p l i f t  a s soc i a t ed  wi th  t he  ou tc rops  of t he  p r e -Te r t i a ry  

rocks of t h e  Mutton Mountains . 



G r a v i t y  Anomaly L i n e a t i o n s  i n  t h e  
Cascade Range i n  Oregon 

Dens i t y  d i s c o n t i n u i t i e s  t h a t  occur  a long  l i t h o l o g i c  boundaries, 

such as i n t r u s i o n s ,  f low f r o n t s ,  and e ros i ona l  o r  f a u l t  con tac t s ,  o f t e n  

a re  marked by s teep g r a v i t y  g rad i en t s .  L i nea r  anomaly contours  i n  s teep 

g r a v i t y  g r a d i e n t  areas, p a r t i c u l a r l y  when they  extend f o r  l a r g e  d i s -  

tances o r  a re  co-1 i n e a r  w i t h  o t h e r  anomaly pa t t e rns ,  fo rm g r a v i t y  anorn- 

a l y  " l i n e a t i o n s " .  Al though t h e  l i n e a t i o n s ,  so i n d i c a t e d ,  may mark va r -  

i ous  k inds  of l i t h o l o g i c  changes, more g e n e r a l l y  t hey  i n d i c a t e  v e r t i c a l  

displacement o f  geo log i ca l  u n i t s  across normal o r  h igh-ang le  reverse  

f a u l t s .  However, because o f  t h 2  comp lex i t y  and t h e  he te rogene i t y  of 

t h e  geology i n  t h e  Cascade Range, t h e  s p a r s i t y  o f  f i e l d  da ta ,  and t h e  

f a c t  t h a t  many o f  t h e  con tac ts  may be covered by younger s t r a t a ,  we r e -  

t a i n  t h e  term " l i n e a t i o n "  i n i t i a l l y  t o  desc r i be  some o f  t h e  p a t t e r n s  

o f  t h e  r es i dua l  g r a v i t y  anomal ies. 

F igures  17, 18 and 19 show t h e  r e s i d u a l  g r a v i t y  anomalies i n  t h e  

Cascade Range o f  no r thern ,  c e n t r a l  and sou thern  Oregon r e s p e c t i v e l y .  

Superimposed on t he  maps a re  l i n e a t i o n s  suggested by t h e  anomal ies. 

Heavy l i n e s  dernark prominent  l i n e a t i o n s ,  and narrow l i n e s  show l e s s  prom- 

i n e n t  1  i n e a t i o n s .  Prominent 1  i n e a t i o n s  occur  a l ong  steep g r a v i t y  grad- 

i e n t s  where anomaly ampl i tudes a r e  l a r g e  and anomaly con tours  a r e  

s t r a i g h t  o r  where a  s e r i e s  o f  h i g h  g rad i en t s  of severa l  anomal ies a re  

a l i gned .  Less prominent  l i n e a t i o n s  occur  where anomal ies a r e  lower  i n  

amp l i tude  and i n  g r a d i e n t  and where con tours  a r e  more sinuous o r  ou t -  

l i n e  s t r u c t u r e s  o t h e r  than those which t h e  l i n e a t i o n  suggests.  Many 

o t h e r  l i n e a t i o n s  a r e  v i s i b l e  on t h e  r e s i d u a l  g r a v i t y  anomaly maps, par -  

t i c u l a r l y  those which para1 l e l  t h e  marked 1  i n e a t i o n s ,  b u t  a r e  om i t t ed  

t o  p reven t  obscur ing  t h e  1  i n e a t i o n s  shown. 



The most prominent and s t r i k i n g  o f  t h e  l i n e a t i o n  pa t t e rns  i s  t h e  

system o f  sub:aral le l  l i n e a t i o n s  t h a t  s t r i k e s  about t i  10' E f rom ap- 

prox in ia te ly  43'40" 14. 1  a t . ,  southeast  o f  Oakridge t o  approx imate ly  

45"301 N. l a t .  near M t .  Hood. Th is  system i s  about  210 km (130 m i )  

l ong  and about 60 km (40 m i )  wide. The western boundary, a1 though 

e x h i b i t i n g  s h o r t  wavelength se ra t i ons ,  i s  s u r p r i s i n g l y  s t r a i g h t  and 

i s  l o ca ted  a long  t he  west s i d e  o f  a  prominent  s e r i e s  o f  cont iguous 

g r a v i t y  anomaiy minima. Con t ras t i ng l y ,  t h e  eas te rn  boundary i s  n o t  

we11 de f ined .  The anomalies which suggest t h e  l o c a t i o n  o f  t he  eas te rn  

boundary i n c l u d e  an o f f s e t  i n  t h e  Mutton Mts. anomaly, t h e  zone o f  

con tac t  between t h e  Deschutes Basin and t h e  western end o f  t h e  Blue M t .  

u p l i f t ,  and t h e  saddle between t h e  g r a v i t y  minima o f  t h e  Shukash Basin, 

south of t h e  Three S i s t e r s ,  and t he  Pau l ina  Basin, west o f  t he  Pau l ina  

Sh ie l d .  

The N 10" E p a t t e r n  of l i n e a t i o n s  i n  t h i s  zone i s  i n t e r r u p t e d  

nor thwest  of  M t .  Je f fe rson  by l i n e a t i o n s  t h a t  a r e  o r i e n t e d  approx imate ly  

N 15" W and t h a t  extend f rom near t he  Columbia R i ve r  eas t  o f  Gresham t o  

t h e  headwaters of  t he  Clackamas R iver  between M t .  Hood and M t .  Je f f e r son .  

South o f  Oakridge near 43"15' N. l a t .  t h e  l i n e a t i o n s  change s t r i k e  

t o  about N 20" W and extend south-southeastward appa ren t l y  through t h e  

Cra te r  Lake area t o  Klamath Lake. A t  and south o f  Klamath Lake some o f  

t h e  l i n e a t i o n s  s t r i k e  about N 37" W, b u t  many o t h e r  o r i e n t a t i o n s  a r e  

observable a l so .  Along t h e  g r a v i t y  minima t h a t  extend from C ra te r  Lake 

t o  F l t .  Hood , 1  i n e a t i o n s  t h a t  bound t h e  g r a v i t y  lows s t r i k e  approx imate ly  

N 40" E t o  N 60" E and approx imate ly  N 40" W t o  N 50" W. L i nea t i ons  

w i t h  these o r i e n t a t i o n s  a r e  more numerous west o f  t h e  High Cascades 

than a r e  i n d i c a t e d  on t h e  f i g u r e s .  However eas t  o f  t h e  Cascades these 



o r i e n t a t i o n s  a r e  o n l y  suggested i n  t h e  Deschutes B a s i n  and maybe i n  

t h e  Shukash B a s i n  and M u t t o n  M t s .  a reas .  

I n  t h e  M t .  Hood a rea  l i n e a t i o n s  a r e  observed t h a t  a r e  o r i e n t e d  

a p p r o x i m a t e l y  N 30" W, N 15" W,  N 7"  E and N 82" E.  The M t .  Mazama 

a rea  shows a  s i rn i  l a r  complex 1  i n e a t i o n  p a t t e r n  t h a t  i n c l u d e s  o r i e n t a -  

t i o n s  o f  a b o u t  P4 80" U, N 60" W,  N 0" E, N 10" E, and N 70" E.  

Eas t  o f  t h e  Cascade Mounta ins  e a s t e r l y  l i n e a t i o n s  i n c l u d e  t h e .  

anomaly g r a d i e n t  e a s t  o f  M t .  Hood t h a t  s t r i k e s  a b o u t  N 82" E and i n -  

c l u d e s  Tygh Ridge s o u t h  o f  The D a l l e s ,  t h e  f l a n k s  o f  t h e  B l u e  Mounta ins  

u p l i f t  n o r t h  o f  Redmond, t h e  Powel l  B u t t e  anomaly, t h e  n o r t h e a s t  f l a n k  

o f  Yamsay M t . ,  a l o n g  t h e  n o r t h e a s t  f l a n k s  o f  t h e  Newberry and t h e  Three 

S i s t e r s  v o l c a n i c  complexes, and a  l i n e a t i o n  t h a t  ex tends a l o n g  t h e  

s o u t h e r n  boundary o f  t h e  P a u l i n a  B a s i n  and t h e  F o r t  Rock a a s i n  and 

t r a n s e c t s  t h e  Shukash Bas in .  The l a t t e r  l i n e a t i o n  i s  t h e  o n l y  one t h a t  

may ex tend  wes t  o f  t h e  H igh  Cascades. 



The Northern Oregon Crustal Cross Section 

Line A-A '  in  Figure 2 maps the location of the geophysical crustal  

cross section of northern Oregon. The Northern Oregon Section, Figure 

20, oriented approximately normal to the Cascade Range, extends from a 

point i n  Cascadia Abyssal Plain west of Oregon t o  a point i n  central 

Idaho. The section intersects  the Humble Wicks No. 1 well on the eas t  

s ide  of the Willamette Valley, crosses the Cascade Range near the 

divide between the Clackamas and Warm Springs Rivers, crosses the 

Deschutes River south of Maupin, and intersects  the Standard Kirkpatrick 

No. 1 well near Condon. Logs of the two deep we1 1s and topographic, geo- 

logic,  gravimetric, and seismic refraction observations constrain the 

geophysical model cross section.  

Shor and others ( 1  968) made seismic refract ion measurements in 

Cascadia Abyssal Plain west of Oregon along l ines  parallel  to the 

continental margin. Their measurements provide data on the dejth and 

seisnlic veloci t ies  of the crusta l  layers and top of the mantle on 

the westernmost end of the cross section.  Seislliic refraction obser- 

vations by Hill (1972) provide data on the crustal  thickness in eastern 

Oregon near the eas t  end of the cross section,  and the resu l t s  of a 

seismic refraction experiment in the Cascades reported by Wegener a n d  

others (1980) and Hill and others (1981) provide information on the 

ve loc i t i t e s  and thicknesses of the crusta l  l ayers in  the Cascade Range. 

The gravity data described in t h i s  report provided control fo r  the 

central portion of the section between 121' and 122'30' W. lon., and the 

regional data described by Thiruvathukal and others (1 970) and Dehl i  nger 

and others (1970) provided control fo r  the eastern and western portions 

of the section.  



The crusta l  cross section assumes a two-dimensional s t ruc ture ,  a 

standard mass column of 50 km (30 m i  ) and 6442 nigal corresponding to  a 

zero free-ai r gravity anomaly (Barday, 1974) and no l a t e r a l  var ia t ions  

i n  density below a depth of 50 k m  (30 mi) (Braman, 1981). I t e r a t i ve  

adjustments of layer boundaries constrained by land elevations,  geologic 

contacts,  refract ing horizons, and horizons determined from the we1 1 logs 

were made unt i l  the gravi ty ,  computed with the method of Talwani and others 

(1959) and Gemperle (1975), agreed with the observed f ree -a i r  anomal i es .  

This process yielded the northern Oregon geophysical cross sect ion.  

Figure 20 shows the northern Oregon geophysical cross sect ion.  

The section,  approximately 400 km (250 mi) long, i s  oriented N 84" E 

approximately normal to  the Willamette Valley and Cascade Range and 

in te r sec t s  the High Cascades between M t .  Hood and M t .  Jefferson about 

20 km north of Breitenbush Hot Springs. The continental c ru s t  i s  

approximately 20 km thick in the v ic in i ty  of the Coast Range and in- 

creases in thickness to  about 25 km on the e a s t  s ide  of the Glillamette 

Valley. The c ru s t  increases in thickness eastward in  the v ic in i ty  

of the Western Cascades and i s  about 35 km thick beneath the High 

Cascades. In eastern Oregon the c ru s t  i s  about 30 km thick.  

L i t t l e  s t ruc tura l  control i s  avai lable  f o r  the Deschutes-Uma- 

t i l l a  Plateau in eastern Oregon; hence the cross section shows a lower 

3 3 crusta l  un i t  of 2.85 gm/cm overlain by a layer  of 2.63 gm/cm . The 

3 2.85 gm/cm layer beneath the plateau i s  observed a t  6700 f e e t  in the 

Standard Kirkpatrick No. 1 well a s  pre-Tertiary marine rocks s imilar  

in age and or igin  to  rocks t ha t  crop out i n  the John Day Mountains south 

of the Deschutes-Umati 1 l a  Plateau.  



The c r o s s  s e c t i o n  shows l a y e r s  o f  2.43 and 2.55 gm/cm' i n  t h e  

v i c i n i t y  of t h e  Humble Wicks No. 1  w e l l  which correspond t o  t h e  vo lcan-  

i c s  of  t h e  Western Cascades. These l a y e r s  t h i n  westward and a r e  covered 

3 
by o r  i n t e r f i n g e r  w i t h  t h e  l i g h t e r  (2.25 gmlcm ) sedimentary  r ocks  i n  

t h e  W i l l a m e t t e  V a l l e y .  These sedimentary  r ocks ,  as observed i n  t h e  

Humble Wicks No.1 w e l l ,  a r e  composed o f  Ol igo-Miocene t u f f s  and sands 

w i t h  i n t e rbedded  v o l c a n i c  f ragments (Newton, 1969) .  The model s e c t i o n  

i n d i c a t e s  t h a t  two l a r g e  e a s t - d i p p i n g  normal f a u l t s  d i s p l a c e  r o c k s  o f  

t h e  Western Cascades app rox ima te l y  10 and 20 km e a s t  o f  t h e  Humble 

Wicks No. 1  w e l l .  The model suggests t h a t  these  unmapped f a u l t s  extend 

t o  a t  l e a s t  5 km. Miocene v o l c a n i c s  o f  t h e  Western Cascades f o rm  t h e  

3  3 
su r f ace  l a y e r  o f  2.43 gmlcm d e n s i t y .  The 2.55 gm/cm l a y e r  beneath 

t h e  Miocene v o l c a n i c s  i s  i d e n t i f i e d  i n  t h e  tlumble Wicks No. 1  w e l l  as 

r o c k  o f  t h e  F i s h e r  and Calapooya Format ions o f  l a t e  Eocene age (Newton, 

3 
1969).  The l a y e r  o f  d e n s i t y  2.70 gm/cm may c o r r e l a t e  w i t h  t h e  S i l e t z  

R i v e r  Vo lcan ics  o f  t h e  Coast Range. Newton (1969) i n f e r r e d  t h a t  t h e  

S i l e t z  R i v e r  Vo lcan ics  shoal  eastward beneath t h e  tiumble N i cks  w e l l  a t  

a  dep th  o f  approx i lna te ly  3 km. 

The 1  a rge  i n t r u s i o n  o f  d e n s i t y  2.80 gm/cm3 beneath t h e  Clackamas 

R i v e r  c o r r e l a t e s  w i t h  t h e  massive D e t r o i t  o r  H a l l  Ridge P l u t o n  l o c a t e d  

n o r t h  o f  D e t r o i t  t h a t  has been desc r i bed  by Hamlnond and o t h e r s  (1962) .  

Immediate ly  e a s t  o f  t h e  p l u t o n  a  se ismic  r e f r a c t i o n  l i n e ,  sho t  app rox i -  

ma te l y  normal t o  t h e  s e c t i o n  a l ong  t h e  High Cascades (IJegener and 

o the r s ,  1980; H i l l  and o the r s ,  1981), c o n s t r a i n s  t h e  t h i c kness  o f  t h e  

c r u s t a l  l a y e r s .  Ba ldw in  (1959),  Peck and o t h e r s  (1964) ,  and Hainrnond 

and o t h e r s  (1982) ma:, t h e  s u r f a c e  o f  t h e  uppermost l a y e r  i n  t h i s  r e g i o n  

as andesi  t e s  and basa l  t s  o f  P l i o cene  t o  Recent age. T h i s  l a y e r  o f  High 



3 Cascade rocks i s  low in density (2.27 gm/cm ) and l e s s  than 1.5 km thick 

over most o f  width  of the region except near the intrusion where the 

layer thickens t o  over 3 km. 

The low-densi ty  material of High Cascades or igin  over1 ies  material 

with a density 2.60 grn/cm'. T h i s  mater ia l ,  indicated by the gravity 

and seismic refract ion measurements, very l ike ly  corresponds t o  the 

ear ly  High Cascades basal t  platform and/or the "Plio-Cascades" described 

by Taylor (1980) t ha t  extend from the Western Cascades beneath the 

High Cascades to  the Deschutes Basin. 

In the cross section the uni ts  w i t h  dens i t i es  of 2.60 and 2.80 

3 
gm/cm shoal along the eas t  flank of the  Cascade Range. The elevation 

of the high-density rocks, indicated by a posi t ive  f ree -a i r  gravity 

anomaly, occurs in  the v ic in i ty  of Beaver Butte and may be associated 

with the ear ly  and pre-Tertiary rocks of the  Mutton Mountains an t i -  

cl i norium. Pre-Tertiary marine rocks were encountered a t  6700 f e e t  in 

the Standard Kirkpatrick No. 1 we1 1 near Condon, Oregon, approximately 

100 km e a s t  of Beaver Butte. These rocks, indicated on the section as 

having an average density of 2.85 gm/cm3, may be continuous with those 

of 2.80 gm/cm3 beneath the Cascades. 



Geophysical  Cross Sec t i on  o f  t h e  Cascade Range 
i n  Southern Oregon 

L i n e  C - C '  i n  F i g u r e  8 shows t h e  t r a c e  o f  t h e  geophys ica l  c ross  sec- 

t i o n  ac ross  sou thern  Oregon, and F i g u r e  21 shows t h e  c ross  s e c t i o n .  The 

Southern Oregon Sec t ion ,  o r i e n t e d  eas t -wes t  app rox ima te l y  normal t o  t h e  

Cascade Range, extends from t h e  Gorda Sas in  o f f s h o r e  o f  sou the rn  Oregon 

t o  a  p o i n t  i n  sou the rn  Idaho.  The s e c t i o n  passes immed ia te ly  sou th  , o f  

M t .  McLoughl in,  o b l i q u e l y  th rough  t h e  n o r t h e r n  end o f  Klamath Lake and 

i n t e r s e c t s  t h e  Humble Thomas Creek No. 1  w e l l  e a s t  o f  t h e  a rea  mapped 

i n  F i g u r e  6. 

The g r a v i t y  da ta  desc r i bed  i n  t h i s  r e p o r t  p r o v i d e d  c o n t r o l  f o r  t h e  

c e n t r a l  p o r t i o n  o f  t h e  s e c t i o n  between 121" and 122'30' W .  lon.,  and t h e  

da ta  desc r i bed  by Th i r uva thuka l  and o t h e r s  (1970) i n  Oregon p rov i ded  

r e g i o n a l  c o n t r o l .  

The g e o l o g i c  maps o f  We l l s  and Peck (1961) ,  Pe te rson  and M c I n t y r e  

(1970),  and Walker (1977) p rov i ded  i n f o r m a t i o n  on near -su r face  geo log i c  

u n i t s ,  and i n t e r f a c e  l o c a t i o n s  and se ismic  l o g s  f r om  t h e  Humble Thomas 

Creek No. 1  w e l l  p rov i ded  es t ima tes  o f  t h e  d e n s i t i e s  o f  t h e  near -su r -  

f a c e  u n i t s  v i a  e m p i r i c a l  r e l a t i o n s  between se ismic  v e l o c i t y  and d e n s i t y  

r e p o r t e d  by Ludwig and o t h e r s  (1970) .  Aeromagnet ic measurements r e p o r t e d  

by  McLain (1981), modeled u s i n g  t h e  techn iques  desc r i bed  by Lu and 

Kee l i ng  ( 1  974),  he1 ped c o n s t r a i n  t h e  s t r u c t u r e s  between 121" and 122O30' 

W. l o n .  (Veen, 1981). The model c r u s t a l  c r oss  sect ion assumes a  two-dimen- 

s i o n a l  s t r u c t u r e ,  a  s tandard  mass column o f  50 km and 6442 n g a l  c o r r e s -  

ponding t o  a  ze ro  f r e e - a i r  g r a v i t y  anomaly (Barday, 1974),  and no l a t e r a l  

v a r i a t i o n s  i n  d e n s i t y  below a  dep th  o f  50 km (30 m i )  (Veen, 1981). I t e m -  

t i v e  ad jus tments  of l a y e r  boundar ies,  c o n s t r a i n e d  by l a n d  e l e v a t i o n s ,  



g e o l o g i c  c o n t a c t s ,  and h o r i z o n s  de te rmined  f rom t h e  w e l l  l o g s  o f  t h e  

Humble Thomas Creek No. 1  w e l l ,  made u n t i l  t h e  g r a v i t y  o f  t h e  model 

computed w i t h  the method o f  Ta lwani  and o t h e r s  (1959) and Gernperle (1975) 

agreed w i t h  t h e  observed f r e e - a i r  anomal ies,  y i e l d e d  t h e  Southern Ore.zon 

Geophys ica l  Cross Sec t i on .  

T h i r u v a t h u k a l  and o t h e r s  (1970) computed a  c r u s t a l  t h i c kness  o f  

40 t o  50 krn f o r  s o u t h - c e n t r a l  and sou theas te rn  Oregon u s i n g  g r a v i t y  

measurements and a  model t h a t  c o n s i s t e d  o f  a  c o n s t a n t - d e n s i t y  c r u s t  

over  a  c o n s t a n t - d e n s i t y  mant le .  S tud i es  by H i l l  and Pak i se r  (1967) ,  

Cook (1966) ,  Scho lz  and o t h e r s  (1971) and P r i e s t l y  and Brune (1978) 

i n d i c a t e  t h a t  t h e  s t r u c t u r e  o f  t h e  Bas in  and Range p r o v i n c e  i s  more 

complex and i s  c h a r a c t e r i z e d  by a  r e l a t i v e l y  t h i n  c r u s t  and an anom- 

a l o u s l y  l o w - v e l o c i  t y  low-dens i  ty  upper  mant le .  I n  F i g u r e  21 we ex tend  

t h i s  concep t  i n t o  t h e  n o r t h e r n  e x t e n t  o f  t h e  Bas in  and Range P rov i nce  

i n  sou theas te rn  Oregon and i n d i c a t e  a  computed c r u s t a l  t h i c kness  o f  

app rox ima te l y  30 km i n  t h e  v i c i n i t y  o f  t h e  c r o s s  s e c t i o n .  T h i s  c r u s t a l  

t h i c kness  agrees w e l l  w i t h  t h e  r e c e n t  se i sm ic  r e f r a c t i o n  measurements 

o f  P r i e s t l y  and o t h e r s  (1982) i n  n o r t h e r n  Nevada and sou theas te rn  Oregon. 

3 
F i g u r e  21 shows a  r e l a t i v e l y  l o w - d e n s i t y  (3.27 gm/cm ) l a y e r  a p p r o x i -  

3 
mate l y  10 km t h i c k  o v e r l y i n g  a man t l e  w i t h  a  d e n s i t y  3.32 gm/cm . We 

would expec t  t h e  low-densi  ty uppermost man t l e  t o  have a  compress ional  - 

wave v e l o c i t y  o f  7.7 t o  7.9 km/sec and t h e  man t l e  beneath t o  e x h i b i t  

a  compress ional  wave v e l o c i t y  o f  8.0 t o  8.2 km/sec. 

3 F i g u r e  21 shows a  b l o c k  o f  m a t e r i a l  of  2.70 gm/cm d e n s i t y  near  t h e  

west  end o f  t h e  s e c t i o n  t h a t  corresponds t o  Pa leozo i c  and Flesozoic 

metamorphic seditnents and v o l  c a n i c s  o f  t h e  Klamath Mounta ins . Rock o f  

3  d e n s i t y  3.0 gm/cm w i t h i n  t h e  b l o c k  corresponds t o  a  band o f  u l  t r a m a f i c  



i n t r u s i v e  r ocks  mapped by CJells and Peck (1961) .  A  l a r g e  i n t r u s i v e  

J 
body o f  2.85 gn/cm d e n s i t y  r i s e s  asymmet r i ca l l y  t o  t h e  su r f ace  a long  

t h e  e a s t  f l a n k  o f  t h e  Klanlath b l o c k  and, as mapped by We l l s  and Peck 

(1961), c o n s i s t s  o f  g r a n i t o i d ,  gabbro id ,  and u l  t r a m a f i c  r ocks .  The 

e a s t e r l y  d i p  and h i g h  d e n s i t y  o f  t h i s  u n i t  a r e  c o n s i s t e n t  w i t h  t h e  

sugges t ion  o f  I r w i n  (1966) t h a t  t h e  l a r g e  i n t r u s i v e  body may be t h e  

eroded l i p  o f  a  m a f i c  o r  u l t r a m a f i c  sheet  whose r o o t s  l i e  b u r i e d  beneath 

rocks  o f  t h e  eas te rn  Klamath Mountains. 

Along t h e  sur face  t h e  u n i t s  w i t h  d e n s i t i e s  o f  2.10 and 2.2 gm/cm 
3 

a r e  i n d i c a t i v e  o f  s e d i m e n t - f i l l e d  bas ins  and a r e  c o n s i s t e n t  w i t h  t h e  

u n i t s  mapped by Peterson and Mc In t y re  (1970) and Walker (1977) .  The 

bas ins  a r e  bounded by f a u l t s  on t h e  eas te rn  and/or wes te rn  s i des  and 

a r e  assoc i a t ed  w i t h  p l u v i a l  depos i t s  i n  P l e i s t ocene  l akes .  

3  The western end o f  t h e  2.50 gm/cm3 u n i t  and t h e  2.70 gm/cn u n i t  

west o f  122'30' W. l o n .  correspond t o  t h e  v o l c a n i c s  o f  t h e  Western 

Cascade Mountains. The model s e c t i o n  suggests these  r ocks  may extend 

a  cons i de rab le  d i s t a n c e  eastward beneath t h e  P l i ocene  and P le i s t ocene  

sediments and v o l c a n i c s  o f  t h e  Bas in  and Range P rov i nce  which a r e  a t  

l e a s t  4 km t h i c k  a t  t h e  Humble Thomas Creek No. 1  w e l l .  

The two u n i t s  o f  2.65 gm/cm' d e n s i t y  west  o f  Upper Klamath Lake 

a r e  basal  t i c  andes i tes  o f  t h e  H igh  Cascades. These u n i t s  over1 i e  

3  a  l a y e r  of 2.50 gm/cm d e n s i t y  t h a t  r ep resen t s  andes i t es  o f  M t .  

3 McLoughl in.  A  d e n s i t y  o f  2.50 gm/cm f o r  M t .  McLoughl in  i s  s i m i l a r  t o  
3 

t h e  d e n s i t y  o f  2.54 gm/cm determined f o r  Mt .  Shasta by LaFehr (1965).  

The model s e c t i o n  i n d i c a t e s  t h a t  t h e  sedimentary  l a y e r  w i t h  a  

3  d e n s i t y  o f  2.20 gm/cm extends eastward t o  A b e r t  Rim and may cover  a  



se r ies  of step-1 ike f a u l t s  tha t  form the western s ide  of a graben. 

The model a l so  suggests t ha t  t h i s  f a u l t  system extends to  a depth of a t  

3 l e a s t  3 km and displaces rocks with a density of 2.65 gm/cm . 
The large i r regu la r ly  shaped body with a density of 2.65 gm/cm 

3 

ea s t  of Klamath lake coincides with a large residual gravity anom- 

aly (see  Figure 16) located immediately south of the Sprague 

River Val ley.  The density and model configuration suggests a 1 arge 

buried int rus ive body t ha t  might be the heat source fo r  the thermal 

springs in the valley.  

Between the i r regu la r  block with a density of 2.65 c~m/crn~ and the 

Humble Thomas Creek No. 1 well, a five-km-thick layer of 2.50 density 

coincides with the southern extent of a large negative residual gravity 

anomaly which extends northward to  Yamsay Mountain. This uni t  may 

r e f l e c t ,  in par t ,  low-density material i n  a synclinal basin. Peterson 

and McIntyre (1 970) proposed a sync1 inal  basin in  the area of Yamsay [ \bun -  

t a i n ,  Sycan Marsh and the Sprague River valley.  The data along the 

section a r e  insuf f ic ien t  t o  del ineate  o r  determine the depth of such a 

basin. 

The geologic maps of Llells and Peck (1961) and Peterson and McIntyre 

(1970) and the cross section in  Figure 21 indicate  t h a t  a se r ies  of 

s tep- l ike  f a u l t s  form the graben t h a t  contains Upper Klamath Lake. The 

model suggests t ha t  the  sediments t ha t  f i l l  the graben may be 1.2 km 

thick and tha t  the graben f loor  may be downdropped a to ta l  of 1.6 km.  

These estimates depend on the dens i t i es  assumed fo r  the sediments and 

surrounding rocks. On the residual gravity anomaly map (Figure 16) 

the negative anomaly associated with the  graben increases in  width and 



anipli tude northwest o f  Upper Klamath Lake and decreases toward the  

south. Hence the  displacements on the  bounding f a u l t s  and the  t h i c k -  

ness o f  sediment a l s o  increase toward the  n o r t h  and decrease toward 

the  south. 



Structural  and Geothermal Implications 
of the Cascade Gravity Anomal i  es 

The residual gravity anomalies in Figures 14, 15, and 16, and the 

consequent prominent l ineat ions  in Figure 17, 18, and 19 ou t l ine  a 

major f a u l t  zone, herein cal led the Cascade f rac tu re  zone, tha t  extends 

along and across the t rans i t ion  between the ldestern Cascades and High 

Cascades north of Crater Lake. South of 43'10' N .  l a t i t ude  the Cas- 

cades f rac tu re  zone passes through M t .  Mazama and includes the Fort 

Klamath Basin and Klamath Graben. South of Klamath Lake the f rac tu re  

zone appears to  extend south and/or southeasterly in to  northern 

California.  An arm of the f rac tu re  zone may s t r i k e  southwesterly 

from the northwest flank of Crater Lake. 

The gravity anomaly minima and the consequent l ineat ions  tha t  

out1 ine the 400-km (250-mi )-long f rac tu re  zone are  interpreted as 

indicating normal faul t ing with the eas t  s ide  down. Recent geologic 

mapping in the  area of Cougar Reservoir northeast of Oakridge (P r i e s t  

and Woller, 1982) and in the North Santiam River area southwest of M t .  

Jefferson (Hammond and others ,  1982) confirms a large f a u l t  zone with 

ver t ical  displacement. The down faul t ing and down-faulted blocks 

probably extend fa r ther  eastward than the gravity data suggest. The 

expected gravity low ea s t  of the observed low i s  qu i te  l ike ly  obscured by 

the hi gh-densi ty material t ha t  over1 i es  the down-faul ted blocks and 

forms the basal uni ts  of the younger High Cascades. The gravity lows 

along the f rac tu re  zone r e f l e c t  the brecciated material and low-densi ty 

intrusions i n  the f rac tu re  zone and the low-density material of High 

Cascade or igin  t ha t  over l ies  and f i l l s  the graben formed by the down- 

faul ted blocks. The sequence of paral le l  l inea t ions ,  oriented N 10" E ,  



on t h e  west s i d e  of t h e  Cascades a r e  i n t e r p r e t e d  as d e l i n e a t i n g  t h e  

wes te rn  s i d e  o f  a  Cascades graben. The l i n e a t i o n s ,  and hence t h e  graben 

boundary, between 42'15' and 44O45' a r e  remarkable f o r  t h e i r  1  i n e a r i  t y .  

Less prominent  l i n e a t i o n s  e a s t  o f  t h e  High Cascades suggest  an eas te rn  

s i d e  o f  t h e  graben t h a t  may a c t u a l l y  l i e  e a s t  o f  Green Ridge, near t h e  

western ends o f  t h e  Mut ton Mts. and B lue  Mts. a n t i c l i n e s ,  and between 

t h e  Shukash and Pau l i na  Basins. Th i s  eastermost  boundary, i f  i t  e x i s t s ,  

e x i s t s  a t  depth and may a c t u a l l y  be a  ~nonoc l  i n a l  f l e x u r e  i n  some areas 

r a t h e r  t han  a  f a u l t .  The l i n e a t i o n s  suggest  t h e  f a u l t  system o r  graben 

i s  approx imate ly  60 km (40 m i )  o r  more w ide  n o r t h  o f  43"301 N. l a t i t u d e  

between C r a t e r  Lake and M t .  Hood. Many f a u l t s  bo th  e a s t  and west  o f  

t h e  High Cascades occur  w i t h i n  t h e  graben and p a r a l l e l  t h e  s i des .  

I n  a d d i t i o n  t o  t h e  n o r t h - t r e n d i n g  f a u l t s  which d e f i n e  t h e  Cascades 

f r a c t u r e  zone and graben, many l i n e a t i o n s ,  some v e r y  prominent ,  t r a n s e c t  

t h e  graben s t r u c t u r e  i n  nor theas t -sou thwes t  and sou thwes t -nor theas t  

d i r e c t i o n s .  The r e s i d u a l  g r a v i t y  anomal ies i n d i c a t e  t h a t  v e r t i c a l  d i s -  

placement has occur red  on these  f a u l t s  a l s o ,  p a r t i c u l a r l y  on t h e  west  

s i d e  o f  t h e  High Cascades. S t r u c t u r a l  b l ocks  d e f i n e d  by these  conpl i- 

mentary f a u l t s  and t h e  N 10" E - t r end ing  f a u l t s  have dropped t o  fo rm 

sma l l  , g e n e r a l l y  f i  11 ed grabens and bas ins  . 
I n t e r e s t i n g l y ,  most o f  t h e  h o t  s p r i n g s  i n  t h e  Western Cascades 

( i n d i c a t e d  by t h e  t r i a n g l e s  i n  F i gu res  17, 18, and 19)  seem t o  occur  

on o r  near  n o r t h e a s t e r l y  o r i e n t e d  f a u l t s  o r  near  t h e  j u n c t i o n  of t h e  

n o r t h e a s t e r l y  s t r i k i n g  f a u l t s  and n o r t h e r l y  o r  n o r t h w e s t e r l y  s t r i k i n g  

f a u l t s .  



I n  F i g u r e  20, t h e  m a t e r i a l  o f  d e n s i t y  2.27 gm/cmd rep resen t s  High 

Cascades f lows and p y r o c l a s t i c s  t h a t  a r e  porous and permeable. Water 

t h a t  pene t ra tes  t hese  r ocks  would f l o w  downward and westward where i t  

would c o n t a c t  h o t  r o c k  a t  r e l a t i v e l y  sha l l ow  depths beneath t h e  High 

Cascades o r  p e r c o l a t e  down graben f a u l t s  which extend 4 km o r  more deep 

t o  deeper hea t  sources beneath t h e  Western Cascades. A f t e r  becoming 

heated and f l o w i n g  g e n e r a l l y  westward, t h e  wa te r  would r i s e  t o  t h e '  

s u r f a c e  a l ong  t h e  f a u l t s  t h a t  fo rm and t r a n s e c t  t h e  wes te rn  s i d e  o f  

t h e  Cascade Graben. I f  such geothermal systems p r e v a i l  i n  t h e  Cascade 

Range, e x p l o r a t i o n  t a r g e t s  would i n c l u d e  t h e  l a r g e r  t r a n s e c t i n g  f a u l t s  

a long  t h e  wes te rn  s i d e  o f  t h e  Cascade Graben t h a t  a r e  s t i l l  a c t i v e  

o r  open. Fu r t he r ,  if such systems have been a c t i v e  f o r  l o n g  pe r i ods  

o f  t ime ,  ex tens i ve  m i n e r a l i z a t i o n  zones shou ld  e x i s t  a long  some of 

t h e  f a u l t s  o r  f a u l t  zones. 
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