
US. DEMMENT OF EN- 

m T R A C ' T  NQ ~ ~ 0 6 - 7 7 - ~ ~ - 2 8 3 6 6  

JULY 1 6 7  



GEOTHERMAL RESOURCE ASSESSMENT OF MOUNT HOOD 

DOGAMI OPEN-FILF: REPORT 0-79-8 

FINAL REPORT 

U. S. DEPARTMENT OF ENERGY 

CONTRACT NO. AC06-77-ET-28369  

P r i n c i p a l  Invest igator:  D o n a l d  A. H u l l  
D e p a r t m e n t  of G e o l o g y  and 

M i n e r a l  I n d u s t r i e s  
Sta te  of O r e g o n  

E d i t o r :  Joseph F.  R i c c i o  
D e p a r t m e n t  of G e o l o g y  and Mineral  

I n d u s t r i e s  
S t a t e  of O r e g o n  

J u l y  1 9 7 9  



TABLE OF CONTENTS 

Page 

INTRODUCTION .............................................. 1 

STRATIGRAPHY AND STRUCTURE OF THE COLUMBIA 
R I V E R  BASALT GROUP I N  THE CASCADE RANGE. OREGON ......... 5 

.............. GEOLOGY AND GEOCHEMISTRY OF MT . HOOD VOLCANO 78 

GRAVITY MEASUREMENTS I N  THE AREA OF MOUNT HOOD. OREGON .... 137 

HEAT FLOW MODELING O F  THE MOUNT HOOD VOLCANO. OREGON ...... 1 9 0  

OVERVIEW .................................................. 2 6 5  

CONCLUSIONS ............................................... 2 7 2  



INTRODUCTION 

t3 

o n  J u l y  1, 1977, t h e  Oregon ~ e ~ a r t m e n t  of Geology and 
Y 

Mineral  I n d u s t r i e s  began r e s e a r c h  on two geothermal r e sou rce  

p r o j e c t s  wi th  funds  provided by t h e  U.  S. Energy Research and 

Development Adminis t ra t ion  (ERDA) (now U . S . Department of 

Energy) under Con t r ac t  No. EG-77-C-06-1040. The p r o j e c t s  
9 .  

a r e :  ( a T  geothermal r e sou rce  assessment  of M t .  Hood Volcano 

l '< 

i n  t h e  ~ i k c a d e  Range; and (b j  ' s t a t ewide  inventory  of low tem- 

p e r a t u r e  rLsources .  An a p p l i c a t i o n  f o r  an exten-  

s i o n  and a d d i t i o n a l  funding of t h e s e  p r o j e c t s  was submit ted 

t o  ERDA (DOE)  on September 1 4 ,  1977, funded on December 28, 

1977, and l a t e r  extehded t o  December 31, 1978. A no-cost  ex- 

t ens ion  t o  t h e  c o n t r a c t  was i s s u e d  by DOE on January 1, 1979, 

wi th  t h e  o r i g i n a l  completion d a t e  a s  s p e c i f i e d  i n  A r t i c l e  I1 

of '*the c o n t r a c t  :hanged t o  ~unG- 15 ,  1979. F u r t h e r ,  t h e  con- 

t r ac t ' number  was changed frbm EG-77-C-06-1040 t o  AC06-77-ET- 

28369 a s  of t h e  above d a t e .  

The M t .  Hood geothermal r e s o u r c e  assessment  p r o j e c t  was 

a j o i n t  under tak ing  by t h e  Department of Energy ( D O E ) ,  U .  S. 

Geological  Survey ( U S G S ) ,  U .  S. F o r e s t  S e r v i c e  (USFS), and 

Oregon Department of Geology and Mineral  I n d u s t r i e s  (DOGAMI) .  

The r o l e  each major p a r t i c i p a n t  of t h e  p r o j e c t  p layed i n  t h e  

s tudy  i s  set  down =n t h e  s igned  ERDA-USGS-USE'S-DOGAMI agree-  

ment under l e t te r  da t ed  February 11, 1977, from D r .  David L.  

Will iams, Program Manager, DGE, ERDA. 



The primary o b j e c t i v e  of t h e  p r o j e c t  was t h e  assessment 

and c h a r a c t e r i z a t i o n  of t h e  geothermal resource  p o t e n t i a l  of 
t 

M t .  Hood. M t .  Hood was s e l e c t e d  because: ( a )  it i s  one of 

t h e  l a r g e s t  s t r a tovo lcanoes  i n  t h e  Cascade Range; (b)  it h a s  

been a c t i v e  i n  t h e  p a s t  250 yea r s ;  and ( c )  it i s  r e a d i l y  acces- 

s i b l e  f o r  r e sea rch .  Furthermore,  t h e  volcano i s  approximately 

50 a i r l i n e  m i l e s  e a s t - s o u t h e a s t  of t h e  C i t y  of Po r t l and  and 

any s u b s t a n t i a l  geothermal r e sou rce ,  whether low t o  h igh  t e m -  

p e r a t u r e ,  could be  u t i l i z e d  by Metropol i tan Po r t l and .  

D r .  Donald A. Hu l l ,  Oregon S t a t e  Geologis t ,  was t h e  pr in-  

c i p a l  i n v e s t i g a t o r  f o r  DOGAMI. Th is  f i n a l  r e p o r t  was e d i t e d  

and w r i t t e n ,  i n  p a r t ,  by D r .  Joseph F. Riccio.  A p o r t i o n  of 

t h e  f i e l d  s t u d i e s  adminis te red  by DOGAMI have been managed by 

i t s  s t a f f  personnel  and/or  c o n s u l t a n t s ,  whereas o t h e r  phases 

have been conducted by u n i v e r s i t y  r e s e a r c h e r s  under subcon- 

t r a c t  t o  DOGAMI a s  noted below: 

(1) S t r a t i g r a p h y  and s t r u c t u r e  of t h e  Columbia River 
B a s a l t  Group i n  t h e  Cascade Range, Oregon: By 
Marvin H .  Beeson and Michael R.  Moran, Ea r th  
Science Department, Po r t l and  S t a t e  Un ive r s i t y  
(PSU Grant No. 90-262-8126). 

(2 )  Geology and geochemistry of M t .  Hood Volcano: By 
Cra ig  M. White, Department of Geology, Un ive r s i t y  
of Oregon (UO Grant  No. 50-262-8902). 

( 3 )  Gravi ty  measurements i n  t h e  a r e a  of Mount Hood, 
Oregon: By Richard W. Couch and Michael Gemperle, 
Geophysics Group, School of Oceanography, Oregon 
S t a t e  Un ive r s i t y  (OSU Grant  No. 30-262-917). @ 

( 4 )  Heat f low model l ing 6f t h e  ~ o u k t  Hood ~ o l c a n ; ,  
Oregon: By David D. Blackwell  and John L. S t e e l e ,  
Department of Geological  Science,  Southern Metho- 
d i s t  Un ive r s i t y  (SMU #86-09). a 

_1 

A geochemical s tudy by DOGAMI and Lawrence Berkeley 
6 

Laboratory (LBL), Un ive r s i t y  of C a l i f o r n i a  (DOE Cont rac t  No. 



W-7405-ENG-48) r e s u l t e d  i n  a  j o i n t  p u b l i c a t i o n  (LBL-7092 - 
DOGAMI 0-79-2) e n t i t l e d  Geochemical s t u d i e s  of rocks ,  water ,  

and gases  a t  M t .  Hood, Oregon. DOGAMI1s  p o r t i o n  of t h e  pro- 

j e c t  was funded under i t s  Con t r ac t  No. EG-77-C-06-1040. . A ,  

copy of t h e  p u b l i c a t i o n  is  enclosed.  % 

The f i r s t  t e c h n i c a l  p rog res s  r e p o r t  by DOGAMI f o r  t h e  

M t .  Hood assessment  was submit ted i n  October 1977; t e c h n i c a l  

p rog res s  r e p o r t  No. 2  was submit ted i n  May 1978. Th i s  f i n a l  

r e p o r t  on ly  involves  DOGAMI' s po r t ion  of t h e  M t .  Hood a s se s s -  

ment p r o j e c t .  The f i n a l  r e p o r t  on t h e  Statewide Inventory of 

Low Temperature Geothermal Resources (AC06-77-ET-28369) was 

submit ted t o  DOE under s e p a r a t e  cover .  r 

The geoscience r e s e a r c h e r s  engaged i n  t h e  j o i n t  geother-  

mal assessment p r o j e c t  met i n  Po r t l and  on January 9-10, 1979, 

a t  which t i m e  p re l iminary  r e s u l t s  of v a r i o u s  a s p e c t s  of t h e  

assessment e f f o r t  w e r e  in formal ly  presen ted .  Th i s  f i n a l  

r e p o r t ,  i nc lud ing  those  by t h e  u n i v e r s i t y  r e s e a r c h e r s  under 

subcon t r ac t  t o  DOGAMI, does n o t  i nc lude  any s u b s t a n t i a l  i n p u t  

a s  t o  conc lus ions  o r  recommendations p re sen ted  i n £  ormally o r  

formal ly  by t h e  USGS. 

Bes ides  t h e  supe rv i s ion  of t h e  s t u d i e s  undertaken by t h e  

u n i v e r s i t y  r e s e a r c h e r s ,  DOGAMI was a l s o  charged wi th  t h e  d r i l l -  

ing  of temperature  g r a d i e n t  h o l e s  on o r  nea r  M t .  Hood. DOGAMI 

a l s o  undertook t h e  temperature  logging  of a v a i l a b l e  " f r e e "  

h o l e s  t h a t  w e r e  w i th in  t h e  scope of t h e  M t .  Hood prd j e c t .  

These d a t a  were made a v a i l a b l e  t o  David Blackwell  f o r  h e a t  

f low de t e rmina t ions  and f o r  t h e  h e a t  f low modelling of M t .  

Hood. Fu r the r ,  DOGAMI provided f o r  t h e  t e c h n i c a l  superv is ion  



of the drilling of O l d  Maid F l a t  No. 1/2, T h i s  entailed, in 

part, providing for the l i tho-logging and preservation of 

cutt ings  (which w e r e  made available to David Blackwell fo r  

rock conduct iv i ty  t e s t s  and to Marvin Beeson for trace el@- 

ment geochemistry) from this exploratory hole ; temperature 

logging of t h e  hole; well-site interpretat ion of t h e  several 

geophysical logs taken by others in this hole; and coordina- 

t i o n  and logis t ics  between the interested parties of t h e  

assessment group relat ive to the d r i l l i n g  and logging of t h i s  

hole. 

Fur ther ,  POGAMI provided personnel to the  USGS for the 

s i t i n g  and staking of s e i s m i c  shot holes. 

DOGAMI a l so  provided for  litho-logging and cutt ings  pre- 

servation of Timberline No. 2. Limited drilling supervision 

was also provided on this hole.  

Temperature gradient Logging of Old Maid F l a t  No. 3 

(Clear Fork) drilled by Northwest Geothermal Corporat ion w a s  

done by DOGAMI. C u t t i n g s  and temperature gradient  data were 

submitted to David Blackwell for  the heat flow studies  noted 

above. 

Water analyses from samples obtained from several of the 

temperature gradient holes were made available to the i n t e r -  

ested assessment parties, 
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ABSTRACT 

The Columbia River Basalt Group lava flows i d e n t i f i e d  in 

the Mt, Hood area of t h e  Oregon Cascade Range are assigned to 

the Grande Ronde Basalt and Wanapum Basalt formations of t h e  

Yakima Basalt Subgroup, except for three in te rcaf  ated flows 

of Prineville chemical type. The composite section has a 

stratigraphic thickness  of approximately 5 5 0  m and consists 

of 26 flows that can be separated i n t o  eight distinct geodhemi- 

cal and/or magnetic polarity subdivisions. 

Deformation began during the incursion of the Grande 

Ronde Basalt and is represented by NE trending  fo lds  traver- 

sing the Cascade Range which have s t r u c t u r a l  relief of approxi- 

mately 300 m and by an echelon NNW to NW trending folds and 

faults that occur f r o m  t h e  Clackamas River area to Por t land  

along the  Port land Hills - Brothers fault t rend.  During this 

stage of deformation, thrust faults developed parallel to some 

of the a n t i c l i n a l  axes in p a t t e r n s  similar to those of the 

C o l u m b i a  Plateau. Later deformation includes vert ical  NlOW 

to N55W strike s l i p  f a u l t i n g ,  which, when considered w i t h  the 

fold trends, indicates  a right lateral  wrench system of region- 

al magnitude. The Colwnbia Plateau s t y l e  of deformation clearly 

crosses the axis  of the Cascades w i t h  several of the larger 

f o l d s  being present in both provinces. A N30W t rending f a u l t  

located j u s t  w e s t  of t h e  Salmon River separates the NE tsend- 

ing  folds through the Cascades from the Portland H i l l s  - 
Brothers wrench f a u l t  t rend.  



Distribution of the  Colwnbia River Basalt in the area 

surrounding Mt. Hood and its deeper occurrences in the explora- 

tory hole at Old Maid F l a t  indicates that the basalt may have 

been downdropped along much of the  axia l  region of t h e  range. 

The major exposures of CFlB utilized in this study are 

(Figure 1-11 : 

Clackamas River A r e a  (mapped by James L. Anderson, uqpub- 
Lished Master ' s thesis, Portland S t a t e  University) . 
Bull Run Watershed (mapped by Beverly Vogt, unpublished 
Master's thesis, Portland State University). 

Hood R i v e r  Drainage and Hood River fault zone (mapped 
by Susan T i m ,  unpublished Master ' s thesis, Portland 
S t a t e  University). 

The Salmon River A r e a  (mapped by M. H. Beeson and M. R .  
Moran) . 

T h e  Columbia Rives Gorge which cons i s t s  of one large ex- 

posure of CRB through the Cascade Range was not mapped for 

t h i s  report although some data were available frm both pub- 

lished literature and isolated sections studied b y  Mr. M. R, 

Moran {unpublished Master ' s thesis, Portland State University) . 



Figu re  1-1. L o c a t i o n  M a p  

A  - H o o d  R i v e r  A r e a  
B - Bull Run W a t e r s h e d  A r e a  
C  - S a l m o n  R i v e r  A r e a  
D - C l a c k a m a s  R i v e r  A r e a  
E  - O l d  M a i d  F l a t  E x p l o r a t o r y  H o l e  



11. COLUMBIA RIVER BASALT GROUP STRATIGRAPHY I N  WESTERN 
OREGON 

The Miocene Columbia River  B a s a l t  Group i n  Oregon, Wash- 

ing ton ,  and Idaho is  an atxumulat ion of t h o l e i i t i c  f l ood  

2 b a s a l t  f lows cover i ng  approximately 2 x 1 0 ~  km (Figure  11-1 ; 

Waters, 1962).  These f l u i d  f lows spread  over  t h i s  reg ion ,  

t h e  Columbia P l a t eau ,  a s  n e a r l y  h o r i z o n t a l  s h e e t s ,  a t t a i n i n g  

a  t o t a l  t h i c k n e s s  of a t  l e a s t  1,500 m nea r  Pasco, Washington 

(Asaro and o t h e r s ,  1978) .  The f lows w e r e  ex t ruded  from l a r g e  
1 

N t o  NW t r end ing  f i s s u r e  systems i n  t h e  e a s t e r n  h a l f  of t h e  

p l a t e a u  (Waters, 1961; Taubefieck, 1970; Swanson and o t h e r s ,  

1975).  between apGroximately 16'-and 6  m i l l i o n  y e a r s  ago (Wat- 

k i n s  and ~ a k s i ,  1974; McKee and o t h e r s ,  1977) .  

~ h &  s t r a t i g r a p h i c  subd iv i s ions  axd nomenclature have 
& 3 

undergone a number of r e v i s i o n s  and re f inements  a s  mapping 
" 4' 

h a s  progressed and a s  modern geochemical and paleomagnetic 
i 

d a t a  have accumulated. Many c o n t r i b u t i o n s  have been made 

t o  t h e  Columbia River B a s a l t  Group s t r a t i g r a p h y ,  some of t h e  
4 ' .  

more noteworthy h e i n F  Waters (1961, 1962) ;  Mackin (1961);  

Schmincke (1967);  Wright and o t h e r s  (1973);  and Nathan and 

F ruch te r  (1974) .  The Group is  d iv ided  i n t o  f i v e  format ions , 

(F igure  11-2) . Two of t h e s e ,  t h e  Imnaha B a s a l t  and t h e  Pic-  

t u r e  Gorge B a s a l t ,  a r e  r e s t r i c t e d  t o  t h e  sou theas t e rn  and 

southern p o r t i o n s  of t h e  province,  r e s p e c t i v e l y ;  t h e  remain- 

ing  t h r e e ,  t h e  Grande Ronde B a s a l t ,  t h e  Wanapum B a s a l t ,  and 

t h e  Saddle  Mountains B a s a l t ,  a r e  grouped t o g e t h e r  a s  t h e  

Yakima B a s a l t  Subgroup. A l l  of t h e  ~ o l u m b i a  River B a s a l t  
-. 

Group f lows i d e n t i f i e d  west of t h e  a x i s  of t h e  Cascade 



Figure 11-1. Distribution of Columbia River  Basalt Group in 
Oregon, Washington, and Idaho; + Mt, Hood. 



F i g u r e  11-2 .  Columbia R i v e r  B a s a l t  Group S t r a t i g r a p h y  



Mountains belong t o  t h i s  subgroup, w i th  t h e  except ion  of f lows  

of t h e  P r i n e v i l l e  chemical  t ype ,  d i s cus sed  below. The c o a s t a l  

Miocene b a s a l t s  of Oregon and Washington form t h r e e  d i s t i n c t  

s t r a t i g r a p h i c  u n i t s  t h a t  a r e  consanguineous wi th  t h e  t h r e e  

format ions  of t h e  Yakima B a s a l t  Subgroup (Snavely and o t h e r s ,  

1973) .  

Some of t h e  b a s a l t  f lows o r i g i n a t i n g  i n  t h e  e a s t e r n  p a r t  

of t h e  Columbia P l a t e a u  flowed i n t o  western  Oregon through a  

topographic  low i n  t h e  a n c e s t r a l  Cascade Mountains. This  low 

extended from t h e  Clackamas River  d ra inage  on t h e  sou th  t o  

t h e  p r e s e n t  Columbia River  Gorge on t h e  no r th .  The Yakima 

B a s a l t  Subgroup, about  1,500 m t h i c k  i n  t h e  Pasco Basin of 

Washington, t h i n s  t o  approximately  550 m i n  t h e  Cascade Range. 

Many s t r a t i g r a p h i c  members recognized  on t h e  p l a t e a u  a r e  n o t  

p r e s e n t  o r  comprise fewer f lows  i n  western  Oregon. The Saddle  

Mountains B a s a l t ,  which ranges  from 150 t o  275 m t h i c k  i n  t h e  

Pasco Basin ,  ha s  n o t  been found i n  t h e  Cascade Range, even 

though t h e  Pomona Member i s  p r e s e n t  nea r  t h e  Columbia River  

i n  t h e  Coas t  Range of Oregon and Washington (Snavely and 

o t h e r s ,  1973; K ien le ,  1971) .  The members of t h e  Yakima B a s a l t  

Subgroup t h a t  occu r  i n  western  Oregon a r e  i n d i c a t e d  i n  Fig- 

u r e  11-2. 

I n  western  Oregon, t h e  Columbia River  B a s a l t  Group com- 

p r i s e s  approximately  29 b a s a l t  f lows  which may be d iv ided  

i n t o  t h r e e  format ions  of t h e  Yakima B a s a l t  Subgroup ( ~ i g u r e  

11-3) .  D i s t i n c t i v e  c h a r a c t e r i s t i c s  of each member and of 

o t h e r  in formal  s u b d i v i s i o n s  a r e  g iven  i n  F igu re  11-4. These 

u n i t s  a r e  t e n t a t i v e l y  i d e n t i f i a b l e  i n  t h e  f i e l d  on t h e  b a s i s  



Figure  11-3. S t r a t i g r a p h y  of t h e  Columbia River Basalt Group 
in western Oregon 
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of j o i n t i n g  c h a r a c t e r i s t i c s ,  magnetic p o l a r i t y ,  g ra in  s i z e ,  

and t h e  presence o r  absence of l a r g e  p l a g i o c l a s e  phenocrysts.  

Laboratory d a t a ,  e s p e c i a l l y  major o r  t r a c e  element chemistry,  

a r e  necessary f o r  more accura te  determinat ions.  

Grande Ronde Basa l t  i s  t h e  most widespread of a l l  t h e  

Columbia River Basa l t  Group formations i n  western Oregon; 

occurr ing almost everywhere t h e  CRB has  been mapped. Of t h e  

f o u r  magnetic p o l a r i t y  i n t e r v a l s  formally recognized wi th in  

t h e  Grande Ronde B a s a l t ,  only t h e  o l d e s t ,  a  reversed i n t e r v a l  

(R  ) ,  has no t  been found i n  western Oregon. The o l d e s t  normal 1 

i n t e r v a l  (N1) i s  represented  by a  s i n g l e  flow t h a t  occurs  a t  

t h e  bottoms of t h e  s e c t i o n s  i n  Multnomah Creek and i n  t h e  

Clackamas River (Anderson, 1978) . 
Grande Ronde B a s a l t  may a l s o  be d iv ided  chemically on t h e  

b a s i s  of magnesium con ten t  i n t o  "Low Mg" and "High Mg" flows 

(Figure 11-3).  In  western Oregon, two High Mg flows occur a s  

t h e  top  two flows of t h e  Grande Ronde Basa l t .  Because of 

t h e i r  d i s t i n c t i v e  j o i n t i n g  p a t t e r n s  and t e x t u r e s ,  t h e  two 

High Mg flows a r e  genera l ly  d i s t i n g u i s h a b l e  i n  t h e  f i e l d  from 

t h e  Low Mg flows, and t h i s  informal  subdiv is ion  i s  t h e r e f o r e  

use fu l  f o r  geologic  mapping i n  western Oregon. In t h e  Colum- 

b i a  P la teau ,  however, t h e  High Mg flows may a l s o  occur lower 

i n  t h e  Grande Ronde Basa l t  s e c t i o n  (D.  A. Swanson, personal  

communication). 

The Grande Ronde Basa l t  s e c t i o n  i n  western Oregon a l s o  

con ta ins  l o c a l i z e d  u n i t s  t h a t  do n o t  occur ex tens ive ly  i n  t h e  

p la teau  and a r e  n o t  formally recognized. In  t h e  Clackamas 

River a r e a ,  two flows of t h e  chemically d i s t i n c t i v e  P r i n e v i l l e  



chemical type  (Uppuluri ,  1974) occur a t  t h e  t o p  of t h e  second 

reversed  ( R 2 )  s e c t i o n  (Anderson, 1978) . One P r i n e v i l l e  flow, 

probably an N2 flow, occur r ing  near  t h e  t o p  of t h e  Low Mg 

Grande Ronde B a s a l t ,  has  been found i n  t h e  exp lo ra to ry  h o l e  

a t  Old Maid F l a t .  The P r i n e v i l l e  chemical-type f lows probably 

o r i g i n a t e d  nea r  P r i n e v i l l e ,  where 13  f lows a r e  exposed (Uppu- 

l u r i ,  1974) ,  and spread northward and westward, onlappinq and 

i n t e r f i n g e r i n g  wi th  f lows of Low Mg Grande Ronde Basa l t .  

P r i n e v i l l e  f lows have n o t  been found i n  t h e  Wil lamet te  Val ley,  

b u t  t h e  lower p a r t  of t h e  Grande Ronde s e c t i o n  i s  n o t  exposed 

i n  t h e  Po r t l and  a r e a ,  and few chemical ana lyses  have been made 

on CRB from o t h e r  p a r t s  of t h e  v a l l e y .  ~ r i n e v i l l e  f lows a r e  

n o t  known t o  occur  i n  t h e  Bu l l  Run Watershed (B. F.  Vogt, per-  

sona l  communication) o r  i n  t h e  Columbia River  Gorge (Beeson 

and o t h e r s ,  1976) .  

I n  t h e  Waverly Heights  a r e a  nea r  Milwaukie, Oregon, two 

f lows which have been in formal ly  des igna ted  t h e  Waverly f lows 

(Beeson and o t h e r s ,  1976) occur between t h e  High Mg and t h e  

Low Mg Grande Ronde B a s a l t  f lows.  They are l o c a l i z e d  by s t r u c -  

t u r a l  and/or  e r o s i o n a l  lows which e x i s t e d  a t  t h a t  t i m e .  Chemi- 

c a l l y ,  they a r e  very s i m i l a r  t o  t h e  Low K20 Grande Ronde Flows 

t h a t  occur a t  o r  very nea r  t h i s  same s t r a t i g r a p h i c  hor izon i n  

t h e  Pasco Basin (Ledgerwood, 1978) and a long  t h e  Snake River  

i n  Washington. The Waverly f lows a r e  a l s o  s i m i l a r  chemical ly  

t o  t h e  o l d e r  Imnaha B a s a l t s .  

The Frenchman Spr ings  Member of t h e  Wanapum B a s a l t  is  

widespread i n  t h e  CRB occurrences  i n  western  Oregon. It i s  

n o t  p r e s e n t  a long  some s t r u c t u r a l  h ighs  such a s  t h e  Po r t l and  



H i l l s  anticl ine,  either because it was excluded by developing 

structures or because it has since been eroded. In the Colum- 

bia Plateau, Grande Ronde and Wanapum Basal ts  are separated 

by the Vantage interbed; in western Oregon, this same'  contact 

is marked by a distinctive weathering surface and an interbed 

of carbonaceous material. Interbeds occur between other CRB 

flows in western Oregon, but  because t he  Vantage intesbed is 

characterized by deep weathering, structural deformation, and 

sedimentary deposits, it must represent a longer t h e  interval .  

Tree molds and carbonaceous material are common at t h i s  boun' 

dary, The f i r s t  two Frenchman Springs  flows above the interbed 

conta in  plagioclase megaphenocrysts which a i d  in positive 

stratigraphic de temina t ion .  

The P r i e s t  Rapids Member occurs in the Bull Run Watershed 

(B. F. V o g t ,  personal comnunication) and at Crown Point on the 

Columbia River as one or possibly two intracanyon flows. 

Priest Rapids flows have no t  been found in any other location 

in western Oregon. 

The Pomona Member of the Saddle Mountains B a s a l t  occurs 

along the lower Columbia River of Oregon and Washington. This 

f l o w  probably traversed the Cascade Range as an intracanyon 

flow whose course is y e t  to be determined. Pomona flows have 

not  been found in the Cascade Range or in the Portland area. 



111. STRATIGRAPHY AND STRUCTURE OF THE COLUMBIA RIVER BASALT 
IN REGIONS WITHIN THE CASCADE RANGE 

A. Rood River Area  

The Hood River Valley is lmated 100 km east of Por t land  

and extends n o r t h  about 26 krn f r o m  the nor the rn  f l a n k  of 

Mount Hood t o  t he  City of Hood River on the Columbia River 

(Figure 1-11. The valley floor is-nearly flat, sloping less 

than one degree to the north, and is overlain by glacial out- 

wash and stream deposits at l eas t  three meters thick. The 

valley is flanked on the east and west by steep-sfded ridges, 

The entire valley and surrounding h i l l s  are underlain by 

CRB; however, exposures are l imi ted  to stream channels and 

steep hillsides. The CRB basalts have undergone weathering 

and a t h i c k  so i l  covers a l l  but the steepest slopes. H i l l -  

side exposures are usually the result of excavations. 

The valley is interrupted in i t s  approximate center by 

Middle Mountain, an asymmetric h i l l  of nor theas t  dipping basal t .  

The Hood River flows northeast  along the w e s t  border of 

t he  valley with a gradient of 1 degree, providing t he  only 

outcrops of CRB from north to south within the valley. Two 

levels of terraces border the Hood River; the lower terraces 

of ten mark the end of an exposure of the basalts ,  though CRB 

may be found further up slope. The higher terrace consists 

entirely of stream-deposited glacial outwash, 

Stratigraphy and structure 

The Yakima Basalt  Subgroup of the Columbia Rives B a s a l t  

Group exposed in the Hood River Valley consists of two  l o w  Mg 

R2 flows, five Low Mg N2 flows. and four High MgO f l o w s  of the 



Grande Ronde B a s a l t  format ion and s i x  Frenchman Spr ings  f lows 

and one P r i e s t  Rapids f low of t h e  Wanapum B a s a l t  fo rmat ion .  

One complete s e c t i o n  of t h e  Wanapum B a s a l t  u n d e r l a i n  by two 

( ? )  High Mg f lows  and one Low Mg f low was sampled a long  Snake- 

head Creek i n  t h e  Neal Creek d ra inage  and ana lyzed  f o r  t r a c e  

e lements .  Four High Mg f lows  o v e r l a i n  by a t h i n  ( L 3  m )  eroded 

s e c t i o n  of a  Frenchman Spr ings  f low and a t h i n  ( - 1 0  m)  c a p  of 

P r i e s t  Rapids a t  t h e  junc t ion  of Lake Branch Creek and t h e  

W e s t  Fork Hood River  was measured and analyzed.  S t r a t i g r a p h i c  

s e c t i o n s  of more than  t h r e e  f lows  i n  c o n t a c t  e lsewhere  i n  t h e  

v a l l e y  w e r e  n o t  analyzed.  

The Grande Ronde B a s a l t  i s  exposed a long  t h e  Hood River  

and i t s  t r i b u t a r i e s  w e s t  of Middle Moutain. Frenchman Spr ings  

b a s a l t  i s  exposed d i r e c t l y  n o r t h  of Middle Mountain a long  

Hood River .  

The e n t i r e  s e c t i o n  of Yakima B a s a l t  i n  t h e  Hood River  

Val ley i s  exposed on Middle Mountain excep t  f o r  t h e  P r i e s t  

Rapids Member. I n  t h e  southwest  c o r n e r  of t h e  v a l l e y  t h e  

P r i e s t  Rapids f low probably occu r s  a s  an in t racanyon  flow. 

The Hood River  a r e a  i s  g e n t l y  f o l d e d  wi th  a  gene ra l  d i p  

t o  t h e  e a s t .  Frenchman Spr ings  f lows  c r o p  o u t  a t  an  e l e v a t i o n  

of 1600 f t  i n  t h e  southwest  co rne r  of t h e  v a l l e y  and a t  400 

f t  n o r t h  of Middle Mountain. Younger P l iocene  ( ? )  b a s a l t s  

o v e r l i e  t h e  Frenchman Spr ings  b a s a l t  from Tucker Bridge (2N/ 

10E-5) t o  t h e  Columbia River .  Frenchman Spr ings  b a s a l t  i s  

exposed a t  t h e  mouth of Hood River .  

An a n t i c l i n e  t r e n d s  n o r t h  through t h e  southwest  co rne r  of 

t h e  Hood River  Val ley between Lake Branch Creek and t h e  West 



Fork Hood River. Another a n t i c l i n e  t r e n d s  e a s t  ac ros s  t h e  

southern p a r t  of Middle Mountain and plunges t o  t he  e a s t .  No 

d i p  i n  t h e  Yakima B a s a l t  i s  ev iden t  a long Green Poin t  Creek. 

Two main s t r u c t u r a l  t r ends  occur wi thin  t h e  a r ea  - NE t o  

E t rend ing  normal ( ? )  f a u l t s  and f o l d s  and NW t rending  f a u l t s  

and dikes .  Two NE t rending f a u l t s  were mapped, one i n  t h e  

s t r u c t u r a l l y  complex Neal Creek drainage and one i n  t h e  south- 

west corner  of t h e  Hood River Valley. South of Snakehead Creek, 
S 

a b recc i a  zone approximately 1 0 0  m wide marks a f a u l t  zone with  

a throw of about 150 m up t o  t h e  south. Several  small f a u l t s  

occur j u s t  no r th  of and p a r a l l e l  t o  t h i s  b recc ia  zone. The 

NE t rend ing  f a u l t  i n  t h e  southwest corner  i s  no t  manifes t  bu t  

i s  ind ica t ed  by a s t r a t i g r a p h i c  o f f s e t  i n  t h e  Yakima Basa l t  

with a throw of about 70  m down t o  t he  south. 

Along t h e  West Fork Hood River, Frenchman Springs flows 

a r e  exposed a t  an e l eva t ion  of 1350 f t  ( 1 ~ / 9 E - 2 8 ) ;  t h e  base 
v. 

of t h e  Frehchman Springs Member i s  not  exposed. Less than 

one km t o  t h e  no r th ,  t h e  Vantage horizon a t  t h e  base of t h e  

Frenchman Springs Member i s  exposed along Lake Branch Creek 

a t  an e l eva t ion  of 1550 f t  (1N/9~-28b) .  

Three small  o l i v i n e  b a s a l t  d ikes  ( - 1 m wide) were mapped 

i n  the  High Mg Grande Ronde Basa l t  (1~/9E-22 & 2 8 ) .  They 

t rend  N l O W ,  N15W, and N45W. A s e r i e s  of smal l  f a u l t s  t rend-  

ing N l O W  t o  N55W occur along t h e  Hood River nor th  of Green 

Po in t  Creek. The f a u l t s  have about one m wide b recc i a  zones. 

The f a u l t s  a l l  occur wi thin  t h e  Low Mg Grande Ronde Basa l t  

s ec t ion .  Because Low Mg Grande Ronde flows a r e  i nd i s t i ngu i sh -  

a b l e  from one another ,  determinat ion of d i r e c t i o n  and magnitude . 



of movement was not  possible. D u e  to the narrow width of the 

breccia zones and t h e  generally small amount of sheaping in 

adjacent  flows, the offset was probably only a few m. One 

fau l t  near Ditch Creek clearly displaced a flow 2 m down to 

the south. 

The Hood River displays  t w o  prominent bends which are 

f a u l t  associated, one in (2N/9E-36d) and the ather in (2NJlOE-  

31b). In Sec. 36 displacement is visible along the f a u l t  'on 

the east side of the river but not on the west .  The dip is 

to the north.  N o t  enough faulted flows were exposed to deter- 

mine throw or d i r ec t i on  of movement; however, a two rn t h i c k  

breccia zone occurs along t h e  f a u l t  i n  Sec. 31. Direction of 

movement was difficult to determine but a slickenside trend- 

ing NLOW and dipping 5 2 5  was measured. 

B e t w e e n  Dee IlN/lOE-7) and t h e  dam on t h e  Hood River 

(2N/10E-31) a repeated exposure of two Low Mg R2 Grande Ronde 

flows and three overlying Low Mg N2 Grande Ronde flows neces- 

sitates a f a u l t  down to the southeast through Middle Mountain. 

The Vantage horizon i s  exposed on Middle Mountain at about 

1600 ft elevation (1N/lQE-18) and to the northeast at about ele- 

vat ion  2400 ft (1N/10E-8) indicating a displacement of 280 m. 

The f a u l t  passes between the two prominent fault-controlled r i v e r  

bends discussed above. The Low Mg N2 Grande Ronde flows exposed 

northeast of t h e  fault are about 230 m thick; t h e  Low M g  N2 Grande 

Ronde section to the southwest is about 130 m, t h i c k .  The in- 

creased thickness  and extensive palagonite breccia on at least 

t w o  Low Mg N2 Grande Ronde flows northeast of t h e  fault suggest 

that the area may have been a topographic and/or structural 



low when these lavas entered the Hood R i v e r  Valley. 

On the east s ide  of Hood River Valley a breccia zone about 

I50 rn w i d e  marks the location of the Hood River f a u l t  which 

trends N5-15W. The throw is at least 270 m down to the south- 

west. The valley is cut by several NW trending faults, a l l  

down to the southwest. Hood River Valley does not appear to 

be a graben. A cross-section through Middle Mountain shows 

several tilted blocks, dipping to the east and separated by 

faults, The Frenchman Springs flows crop out at approximately 

the same elevation on the w e s t  s ide  of Middle Mountain as..they 

do on t h e  east  s ide  of the Hood River fault, Although unmapped, 

it is believed t ha t  a f a u l t  trends approximately east-west 

along t h e  south edge of Middle Mountain and is down to the 

south, Highly fractured basalt is exposed along the south side 

of Middle Mountain. Another f a u l t  may pass under B l u e  Ridge 

on the w e s t  s ide  of the upper Hood River Valley. Either, at 

least 300 rn of Yakima Basalt  has been eroded from the upper 

val ley,  ox, it has been down-faulted with respect to Middle 

Mountain. 

Geologic B i s t o r y  

The area which is now the  Hood River Valley w a s  a topo- 

graphic low for most or all of the time the Grande Ronde flows 

were deposited. The lowest basalt member exposed. Low Mg (RZ) 

Grande Ronde, has a t h i c k  palagonite flow top, indicating con- 

tact w i t h  deep w a t e r  while t h e  flow was molten. Palagonite 

breccia is mixed w i t h  the flow. Beneath t h e  palagonite, large 

vesicles C -  10 cm in diameter) and vesicle columns fill the 

top 3 rn of the flow. The flow may have been invasive--one 



which dives under loose sediments carrying water and sedi- 

ments on top. 

The Low Mg (N2) and High Mg (NZ) Grande Ronde flows also  

have flow top palagonite exposed along t h e  Hood River. The 

area was probably a closed basin w i t h o u t  exterior drainage or 

at least wi th  disrupted drainage, 

The thicker section of Low Mg (Ni) Grande Ronde Basal ts  

found nor th  of the major fault through Middle Mountain l i k e l y  

were ponded in a conf in ing topographic low. ~ecawse of poor 

exposures, it is d i f f i c u l t  to determine if the  individual fibs 

are t h i cke r  or if there is a greater number of Low Mg (N2) 

Grande Ronde flows in this area. The probability that valleys 

existed at the time the Low Mg Slows w e r e  being extruded is 

supported by the existence of an intracanyon flow exposed at 

the junction of West and Middle Forks Hood R i v e r ,  
(r 

The High Mg flows have a fairly constant thickness indi-  

cating l o w  relief at t h e  time of extrusion except in the  south- 

west corner of the area, Along Lake Branch Creek four High Mg 

Grande Ronde f l o w s  are mapped. Because only t h e  top tvm rn 

of the lowest exposed High MgO Grande Ronde flows are visible, 

the High Mg Grande Ronde thickness is unknown. Palagonite 

f low-top breccia covers the  entire exposure of the lowest High 

Mg flow from Lake Branch Creek to Mohr Park on the West Fork 

Hood River. The palagonite and increased number of High Mg 

flows ind ica tes  the area was a structural low during the ex- 

trusion of the  High Mg Grande Ronde flows. 

A f t e r  the High Mg Grande Ronde flows transgressed the 

area, a period of non-deposition ensued at around 15 my BF 



as i n d i c a t e d  by t h e  Vantage hor izon .  

Folding began dur ing  t h e  accumulation of t h e  Grande Ronde 

B a s a l t  and cont inued ,  accompanied by f a u l t i n g ,  du r ing  t h e  

d e p o s i t i o n  of Frenchman Spr ings  f lows.  The NE-SW t r e n d i n g  

f a u l t  which pas ses  between Lake Branch Creek and t h e  W e s t  

Fork Hood River  occur red  a f t e r  t h e  Frenchman Spr ings  b a s a l t  

had been depos i t ed .  The Frenchman Spr ings  f lows  w e r e  eroded 

from t h e  s t r u c t u r a l  h igh  c r e a t e d  by t h e  f a u l t  i n  t h e  a r e a  

n o r t h  of Lake Branch Creek. The P r i e s t  Rapids B a s a l t  flowed 

i n t o  t h e  a r e a  f i l l i n g  t h e  s t r u c t u r a l  low t o  t h e  sou th  of t h e  

f a u l t  and lapped o n t o  t h e  up- fau l ted  eroded Frenchman Spr ings  

b a s a l t  t o  t h e  n o r t h .  The P r i e s t  Rapids f low a t t a i n s  a t h i c k -  

n e s s  of about  60 m sou th  of t h e  f a u l t .  F u r t h e r  west  a long  

Lake Branch Creek t h e  P r i e s t  Rapids f low o v e r l i e s  about  3 m 

of p i l l o w  b a s a l t .  

The N E  t r e n d i n g  f a u l t  i n  t h e  Neal Creek d ra inage  d i s p l a y s  

-10 m t h i c k  r i d g e s  of cemented b r e c c i a  which a r e  s u b p a r a l l e l  

t o  t h e  t r e n d  of t h e  Hood River  f a u l t .  Th i s  f a u l t  may have 

been a s s o c i a t e d  wi th  deep shea r ing  which al lowed hydrothermal 

f l u i d s  t o  escape  upward i n t o  and cement t h e  b r e c c i a .  

Lake Branch Creek and t h e  West Pork Hood River  a r e  separa-  

t e d  by a  l a t e  P l iocene  t o  e a r l y  P l e i s t o c e n e  a n d e s i t e  f low 

(Wise, 1969) .  The a n d e s i t e  l a p s  a g a i n s t  High Mg Grande Ronde 

B a s a l t s  on t h e  n o r t h e a s t  and a g a i n s t  Frenchman Spr ings  and 

P r i e s t  Rapids f lows on t h e  e a s t  a t  about  t h e  same e l e v a t i o n .  

Th i s  i n d i c a t e s  t h a t  t h e  NE t r e n d i n g  f a u l t  through Lake Branch 

Creek-West Fork Hood River  occur red  p r i o r  t o  t h e  a n d e s i t e  

flow. 



The NW t r e n d i n g  f a u l t s  occur red  a f t e r  t h e  P r i e s t  Rapids 

f lows  were ex t ruded  and t h e r e f o r e  a r e  younger than  t h e  NE 

t r end ing  f a u l t s .  Some f a u l t s  appear  t o  be  contemporaneous 

wi th  f o l d i n g  because t h e  f a u l t s  p a r a l l e l  t h e  s t r i k e .  

B. B u l l  Run Watershed Area 

In t roduc t ion  

The Bu l l  Run Watershed l i e s  wi th in  t h e  e a s t e r n  p o r t i o n s  

of Multnomah and Clackamas Count ies  and cove r s  more than  390 

km2 (F igu re  1-1). 

Lolo Pass  and Mount Hood a r e  t o  t h e  e a s t ;  t h e  Columbia 

River  Gorge, Larch Mountain, and t h e  Benson P l a t e a u  are t o  

t h e  n o r t h ;  t h e  town of Sandy and t h e  Sandy River  a r e  t o  t h e  

w e s t ;  and t h e  communities of Alder  Creek,  Brightwood, Wemrne,  

and Zigzag l i e  t o  t h e  sou th .  I n t e r s t a t e  80N p a s s e s  t h e  a r e a  

on t h e  n o r t h ,  U .  S. Highway 26 t o  t h e  sou th .  

Access t o  t h e  watershed i s  by pe rmi t  on ly ,  and locked 

g a t e s  a r e  a t  each of t h e  e n t r a n c e s .  Major approaches  a r e  

from Sandy on F o r e s t  Se rv i ce  Road S-10, from Brightwood on 

Road S-224, and from Zigzag and Lolo Pas s  on Road N - 1 2 .  

The maximum e l e v a t i o n  of 4,600 f t  i s  on Hiyu Mountain 

a t  t h e  e a s t e r n  boundary of t h e  watershed.  The e l e v a t i o n  de- 

c r e a s e s  toward t h e  w e s t ;  t h e  lowes t  e l e v a t i o n ,  less than 500 

f t  i s  a t  t h e  Sandy en t r ance .  

The major s t ream i n  t h e  a r e a  i s  t h e  B u l l  Run River ,  which 

f lows t o  t h e  n o r t h  and then  t o  t h e  southwest  from i t s  head- 

wa te r s  a t  B u l l  Run Lake. Seve ra l  sma l l e r  streams i n  t h e  south- 

e a s t  p o r t i o n  of t h e  watershed j o i n  and f low i n t o  Blazed Alder ,  

which, i n  t u r n ,  f lows  n o r t h  i n t o  B u l l  Run River ;  o t h e r  s t reams  



flow into this river from the east, north and south. Reser- 

voirs No. 1 and 2 a re  formed by dams on the Bull Run River. 

Basalt of the Columbia River Group undoubtedly underlies 

all of the watershed but is covered by younger geologic units 

and unconsolidated surficial deposits. Because stream erosion 

has cut through the younger material, all basalt exposures 

occur in proximity to rivers and streams, The highest  expos- 

ure of CRB occurs at an elevation of 3100 ft northwest of 

Nanny Creek. Lowest exposure is at an elevation of 500 ft 

along the B u l l  Run River. 
& 

Basalt occurs along at least  80 krn of the major streams, 

but reservoir water covers at l east  30 percent of these expos- 

ures. In steep-gradient bedrock streams, exposure is of ten  

nearly continuous, but in low-gradient streams, percentage of 

exposure is often much less, Along roads, exposure is gen- 

erally less than 10 percent, 

The base of the CRB is no t  exposed in the watershed, 

The deepest part of the basal t  section is exposed in Blazed 

Alder Creek. About 18 km to the north, outside of the water- 

shed, CRB unconfomably overlies rocks of the Eagle Creek 

formation. 

Beaulieu (1974) maps overlying u n i t s  as the Rhododendron 

formation in the western por t ion of the watershed and as Plio- 

cene and Quaternary volcanic socks  in the eastern section. Dur- 

ing this study, isolated patches of Rhododendron were noted 

but not mapped further to the east along t he  Bull Run River. 

CRB was mapped along the Bull Run River and Blazed Alder 

Creek by Wells and Peck (1961) and Peck and others (1964) ; 





s e c t i o n s  of which d i s p l a y ,  p l a t y  j o i n t i n g .  A t h i n  s o i l  zone, 

and, i n  one p l a c e ,  a  9 m t h i c k  i n t e r b e d  s e p a r a t e s  t h e  two 

f lows.  

The Vantage i n t e r b e d  l i e s  between t h e  Grande Ronde and 

o v e r l y i n g  Wanapum B a s a l t  f lows.  I n  t h e  B u l l  Run s y n c l i n e ,  

t h e  Vantage i s  composed of sandy and s i l t y  sediments  wi th  

I ,oca l  s o i l  zones and ca rbon ized  wood. The maximum t h i c k n e s s  

i s  1 .5  m a t  Log Creek. I n  t h e  B u l l  Run s y n c l i n e ,  t h e  base  of 

t h e  Wanapum f low above t h e  Vantage o f t e n  h a s  up t o  9 m of 

p i l l o w  b a s a l t ;  i n  t h e  a n t i c l i n e ,  t h e  c o n t a c t  i s  flow-on-flow 

w i t h  no ev idence  of p i l l o w s ,  s o i l  o r  ca rbon ized  wood. + , 

Above t h e  Vantage hor izon  a r e  t h e  Wanapum f lows:  s i x  N2 

Frenchman S p r i n g s  f lows  and one ( o r  p o s s i b l y  two) R3 P r i e s t  

Rapids in t racanyon  f lows  t o t a l i n g  a t  l e a s t  137 m. The French- 

man S p r i n g s  r o c k s  a r e  c o a r s e  i n  t e x t u r e ;  t h r e e  of t h e  s i x  f lows,  

t h e  f i r s t ,  second and f o u r t h ,  have l a r g e ,  g l a s s y ,  p l a g i o c l a s e  

phenocrys t s  ( p h y r i c ) .  The t h i r d  f low h a s  o c c a s i o n a l  p l a g i o -  

c l a s e  phenocrys t s  ( r a r e l y  p h y r i c )  ; t h e  f i f t h  and s i x t h  f lows 

a r e  a p h y r i c .  A l l  of t h e s e  f lows  d i s p l a y  well-developed colon- 

nades  and no e n t a b l a t u r e s .  A r e d  c l a y  zone o c c u r s  l o c a l l y  , 

between t h e  two upper a p h y r i c  Frenchman S p r i n g s  f lows.  

The P r i e s t  Rapids in t racanyon  f low d i s p l a y s  r e v e r s e d  

p o l a r i t y  and,  where exposed a long  t h e  B u l l  Run R i v e r ,  i s  char -  

a c t e r i z e d  by a t  l e a s t  100 m of bedded p a l a g o n i t e ,  an  8 m t h i c k  

colonnade and a  60 m t h i c k  e n t a b l a t u r e .  Where it overf lowed 

t h e  canyon, t h e  P r i e s t  Rapids f low i s  1 2  m t h i c k  and forms 

massive b locky columns. . T h i s  t h i n n e r  p a r t  of t h e  f low may i n  

f a c t  be a  s e p a r a t e  P r i e s t  Rapids f low,  b u t  poor exposures  make 



it impossible to locate a contact. 

The dominant structure is a NE t rending (roughly N60E) 

syncline and a n t i c l i n e ,  A N60E trending, 12 degree SE dipping, 

thrust  fault w i t h  at least 180 rn of vertical offset  occurs on 

the north l h b  of the an t i c l i ne .  The entire area displays 

f ractures  that trend i n  sundry directions , b u t  par t icu lar ly  

w i t h  trends of NIO-20W, and NS5-65W. -The entire structure 

has a slight regional  d i p  of about 2 degrees to the west- ' 

southwest. 

The most nor the r ly  fold is a N60E t rending syncline in - 
which the Bull Run River flows to t h e  southwest. The axis of 

the syncline lies s l i g h t l y  to the south of the river, The 

development and persistence of t h i s  syncline during the M i o -  

cene are shown by pillows t h a t  occur locally at the base of 

the highest  B i g h  Mg Grande Ronde flow; a 9 rn interbed between 

the t w o  High Mg Grande Ronde flows near the main dam; a less 

than 30 crn t h i c k  interbed between the two B i g h  Mg Grande Ronde 

flows at N o r #  Fork; a soil zone of t h e  Vantage horizon;  and 

pillows at t h e  lowest Wanapum flow. The intracanyon Priest 

Rapids flow has been found only in the syncline and its peri- 

phery. 

The NE t rending,  thrust-faulted antic1 i n e  parallels t h e  ' 

sync l ine  and l ies south-southeast of it, I t  is defined by 

elevations and attitudes of various CRB flows, and is char- 

acterized by the absence of pillows, interbeds, and the Priest 

Rapids intracanyon flow. A Wanapum flow-top near the county 

line on Road S-154 is deeply weathered -- more than  the corres- 

ponding flow-top in t h e  syncf i n e  -- indicating a Miocene 



topographic h igh  corresponding t o  t h e  upper p o r t i o n s  of t h e  

a n t i c l i n e .  The sync l ine  and a n t i c l i n e  a r e  be l i eved  t o  extend 

northeastward through Hood River  Val ley,  where they  a r e  now 

broken by N-NW t r end ing  f a u l t s ,  t o  t h e  Columbia River Gorge 

where they appear  a s  t h e  Mosier s y n c l i n e  and Or t l ey  a n t i c l i n e .  

The complete High and Low Mg Grande Ronde s e c t i o n  does 

n o t  occur  i n  t h e  upper r eaches  of Blazed Alder Creek. I n  

t h e  no r the rn  p o r t i o n  of t h i s  c r eek ,  a t  l e a s t  f o u r  N 2  Low Mg 

f lows o v e r l i e  t h e  R2 Low Mg reversed  flow; upstream i n  t h e  

southern p a r t ,  High Mg f lows a r e  missing.  Apparently a s t r u c -  

t u r e  was developing i n  Bu l l  Run dur ing  e a r l y  CRB t i m e .  A f t e r  

t h e  r e v e r s e  f low en te red  t h e  a r e a ,  a topographic  high began 

t o  develop where t h e  present-day abbrev ia t ed  s e c t i o n  occurs .  

A s l i g h t  r e l a t i v e  subsidence both n o r t h  and south of t h e  high 
1 I ' 

developed. The N 2  Low Mg b a s a l t  flowed around t h e  h igh  which 

was even tua l ly  covered by l a t e r  High Mg flows. Gravi ty  and 

magnetic maps show anomalies roughly corresponding t o  t h i s  

abb rev ia t ed  s e c t i o n .  

The a n c i e n t  high d e l i n e a t e d  by t h e  abb rev ia t ed  s e c t i o n  

i n  Blazed Alder  Creek was e v i d e n t l y  a zone of weakness, be- . 

cause a s  f o l d s  developed, t h e  a n t i c l i n e  f a i l e d  a t  t h e  margin 

of t h e  high,  producing t h e  t h r u s t  f a u l t  wi th  v e r t i c a l  o f f s e t  

of 180 m and n e t  s l i p  of a t  l e a s t  9 0 0  m. 

The b e s t  exposure of t h e  t h r u s t  f a u l t  i s  j u s t  downstream 

from t h e  conf luence  of Boulder and Blazed Alder  c r e e k s ,  where 

t h e  f a u l t  p l ane  i s  exposed a t  s t ream l e v e l .  Below t h e  t h r u s t  

p lane  about  2 m of t h e  under ly ing  b a s a l t  f low i s  c o a r s e l y  

b recc i a t ed .  Extremely f inely-ground t e c t o n i c  b r e c c i a  occurs  



f o r  about  10 m above t h e  t h r u s t  p lane .  

Because of t h i s  t h r u s t  f a u l t ,  CRB occurs  a t  h i g h e r  e leva-  

t i o n s  and more e x t e n s i v e l y  i n  t h e  s o u t h e a s t e r n  s e c t i o n  of Bu l l  

Run than  h a s  been p rev ious ly  mapped. Highes t  exposure i s  a t  

an e l e v a t i o n  of  3100 f t .  A l l  t h e  CRB i n  t h e  forward s e c t i o n  

of t h e  t h r u s t  has  been d i s t u r b e d ,  even i f  n o t  a c t u a l l y  brec- 

c i a t e d ,  and t h e r e f o r e  does  n o t  produce good ou tc rops  i n  t h e s e  

a r e a s .  Although dense and c o h e r e n t ,  a  very  minor amount of 

s i l i c i f i c a t i o n  was observed i n  t h e  b r e c c i a  of t h e  upper t h r u s t  

p l a t e .  

L inea r  r i d g e s  of t e c t o n i c  b r e c c i a  w i th  t r e n d s  of about  

N10-20W w e r e  observed i n  Blazed Alder  Creek i n  t h e  lower p l a t e  

over  which t h r u s t i n g  occur red .  A sma l l e r  r i d g e  a l s o  l i e s  with- 

i n  t h e  t h r u s t  zone a long  Boulder Creek. The l i n e a r  r i d g e s  may 

r e p r e s e n t  an o l d e r ,  p r e - t h r u s t  zone of weakness t h a t  b r e c c i a t e d  

du r ing  t h e  t h r u s t i n g ,  o r  bo th  zones may be due t o  l a t e r  f r a c -  

t u r i n g  which c u t  a c r o s s  t h e  t h r u s t e d  a r e a .  

A v e r t i c a l  f a u l t  occu r s  a t  North Fork quar ry  on Road S-10. 

The f a u l t  t r e n d s  roughly N 2 0 W ,  b u t  h o r i z o n t a l  s l i c k e n s i d e s  

w i th in  t h e  foot-wide f a u l t  zone t r e n d  i n  two d i r e c t i o n s ;  N30E 

and N30W. This  f a u l t ,  because of poor exposures ,  cou ld  n o t  

be  t r a c e d  f o r  any s i g n i f i c a n t  d i s t a n c e .  

Numerous f r a c t u r e s  occur  i n  t h e  CRB i n  B u l l  Run. Although 

no a t t empt  w a s  made t o  do a s t a t i s t i c a l  a n a l y s i s  of f r a c t u r e  

t r e n d s ,  c e r t a i n  dominant f r a c t u r e  t r e n d s  a r e  appa ren t  through- 

o u t  t h e  a r e a .  Some f r a c t u r e s  a r e  merely b reaks  i n  t h e  b a s a l t  

t h a t  c u t  through r e g u l a r  j o i n t i n g ,  and i n  some c a s e s ,  s e v e r a l  

f lows; wh i l e  o t h e r  f r a c t u r e s  a r e  b r e c c i a t e d  o r  c o n t a i n  



b r e c c i a t e d  zones. 
1 

A major f r a c t u r e  t r e n d  i s  N10-20W. F r a c t u r e s  w i th  t h i s  

t r e n d  a r e  found throughout  t h e  watershed,  b u t  n o t a b l e  concen- 

t r a t i o n s  occur  a long  t h e  nor th-f lowing s e c t i o n s  of Blazed Alder 

Creek and B u l l  Run River  and t h e i r  t r i b u t a r i e s .  B recc i a t ed  

zones w i th  t h i s  t r e n d  a l s o  occur  nea r  t h e  t h r u s t  f a u l t .  Along 

t h e  B u l l  Run River  j u s t  upstream from Log Creek,  a l a r g e  brec-  

c i a t e d  zone wi th  t h i s  t r e n d  c rops  o u t .  A e r i a l  photographs and 

SLAR imagery show a l i n e a r  w i th  t h i s  i d e n t i c a l  t r e n d  t h a t  

ex tends  n o r t h  a long  Blazed Alder Creek and B u l l  Run River ,  

c u t s  through t h e  g l a c i a l  c i r q u e  on F a l l s  Creek,  and con t inues  

up Tanner Creek t o  t h e  Columbia Gorge and i n t o  Washington S t a t e .  

A d i k e  of Boring b a s a l t  wi th  t h i s  same t r e n d  c r o p s  o u t  a long  

Blazed Alder  Creek b e f o r e  curv ing  s l i g h t l y  and d i s appea r ing  

i n  a s i d e  stream. A t  one p o i n t  i n  Blazed Alder  Creek,  t h i s  

d i k e  c u t s  an o l d e r  N55W t r e n d i n g  b r e c c i a  zone, ano the r  f r e -  

quen t ly  occu r r ing  f r a c t u r e  t r e n d  i n  B u l l  Run. 

The N55W t r e n d  i s  found throughout  t h e  a r e a  b u t  seems t o  
C 

occur  most f r e q u e n t l y  n e a r  t h e  t h r u s t  f a u l t .  Upstream from 

t h e  t h r u s t  f a u l t ,  N20-55W f r a c t u r e s  o f t e n  c o n t a i n  b r e c c i a ;  . 
t h e s e  f r a c t u r e s ,  however, dec rease  i n  frequency wi th  d i s t a n c e  

from t h e  f a u l t .  

r *  

Other less common f r a c t u r e  t r e n d s  i nc lude  N-Sf N20E and 

N80W. F r a c t u r e s  f r e q u e n t l y  a f f e c t  p a t t e r n s  of mass wastintj  

and e ros ion .  For example, a t  t h e  base  of t h e  f a l l s  ' a t  F a l l s  

Creek and a long  Road S-10 on t h e  e a s t  s i d e  of F a l l s  Creek,  

massive f a i l u r e  of extremely l a r g e  b locks  of Wanapum B a s a l t  

ha s  occur red  a long  N15W t r e n d s .  



Fractures of ten con t ro l  the  directions in which streams 

f l o w  in Bull Run. At one po in t  Blazed Alder Creek flows in 

a N20W trend and then makes an abrupt turn and follows a N55W 

fracture. These fractures s e e m  to be most inf luent ia ' l  in 

controlling stream direction when the stream is flowing across 

the regional an t ic l ine -  syncline structure. 

The path of an intracanyon flow of reversed Priest Rapids 

basalt has been traced from east to west through the water- 

shed. The greatest measured thickness at any one place is 

177 m but tha t  thickness was not measured from the absolute " 

bottom of the ancestral channel, The most easterly exposure 

occurs in the  eastern portion of the  watershed between Log 

and Otter Creeks. The intracanyon flow forms a mound on the 

bench w e s t  of Otter Creek and then is exposed by the B u l l  Run 

River at the p o i n t  where the river changes directions from 

north to w e s t .  Again, on the n o r t h  bench overlooking the 

river, the intracanyon flow forms large mounds of basalt .  

The next mapped exposure to the w e s t  is in a quarry on t h e  

south side of the B u l l  Run River. Further west, the flow is 

again cut by the Bull Run River; it then forms a ridge in a 

clearcut nor th  of the river. I t  is last exposed in N o r t h  

Fork. From there, it is presumed to have flowed to C r o w n  

Po in t  in the Columbia Gorge. It is correlated with  the Crown 

Poin t  intracanyon flow by similar chemistry, magnetic polar- 

ity, morphology and flow characteristics, and large amounts 

of bedded palagonite. Crown P o i n t  is on trend and geographi- 

ca l l y  close to the intracanyon flow in B u l l  Run. 

The intracanyon f l o w  in Bull Run is characterized by a 
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100 m t h i c k  pa l agon i t e  sequence which i n  p l a c e s  has  been 

waterworked. Fo rese t  beds i n d i c a t e  f low d i r e c t i o n s  t o  t h e  

- ps ) w e s t  and southwest.  I n  o t h e r  p l a c e s ,  t h e  p a l a g o n i t e  i s  un- 

s o r t e d  and c o n t a i n s  l a r g e  b locks  of b a s a l t  up t o  3 m i n  

diameter .  The f low has  a r e l a t i v e l y  t h i n  colonnade whose 

th i ckness  v a r i e s  from a r e a  t o  a r e a  b u t  which was measured a t  

7.6 m a long t h e  Bu l l  Run River.  The e n t a b l a t u r e  forms d i s -  

t i n c t i v e ,  f l a t - t opped  mounds which c o n t r a s t  wi th  t h e  CRB 

benches surrounding it. 

, Another d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  of t h i s  f low i s  

i t s  somewhat ambiguous remnant magnetic p o l a r i t y .  A t  some 

p l a c e s ,  t h e  f low produces a normal read ing  on t h e  f l u x g a t e  

magnetometer, elsewhere it i s  reversed .  Always, however, a 

reversed  p o l a r i t y  is shown a t  t h e  t o p  of t h e  s e c t i o n .  

The present-day r i v e r  does n o t  e x a c t l y  fo l low the  course  

of t h e  a n c e s t r a l  r i v e r  through which t h e  in t racanyon flow 

moved. Where t h e  present-day r i v e r  b reaks  i n t o  t h e  o l d  chan- 

n e l ,  it r e v e a l s  an a lmost  v e r t i c a l ,  smooth, b a s a l t i c  canyon 

wa l l  wi th  a U-shaped v a l l e y  f l o o r .  A very smal l  s e c t i o n  of 

t h e  a n c e s t r a l  v a l l e y  f l o o r  i s  exposed i n  t h e  B u l l  Run River 

and c o n t a i n s  r e l a t i v e l y  poorly  s o r t e d ,  rounded t o  subangular 

b a s a l t i c  pebbles ,  cobbles ,  and occas iona l  boulders  ranging i n  

diameter  from l e s s  than  1 cm t o  over  1 .5  m. 

The B u l l  Run Watershed reg ion  was being deformed i n  e a r -  

l i e s t  CRB t i m e  a s  shown by t h e  abb rev ia t ed  s e c t i o n  i n  Blazed 

Alder Creek. The base of t h e  CRB i s  n o t  exposed i n  t h i s  a r e a  

t o  r eco rd  p o s s i b l e  e a r l i e r  deformation.  By High Mg Grande 

Ronde t i m e ,  t h e  N E  t r end ing  s y n c l i n e  and a n t i c l i n e  w e r e  a l ready  



developirig, a s  evidenced by t h e  l o c a l  i n t e r b e d  and p i l l ows  

between t h e  two High Mg f lows i n  t h e  sync l ine .  

During Vantage t ime,  a s  e lsewhere on t h e  Columbia P l a t eau ,  

no b a s a l t  f lows occurred.  In s t ead ,  s a p r o l i t e  and s o i l  zones 

developed and dra inage  systems evolved. When t h e  Frenchman 

Spr ings  f laws  en te red  t h e  a r e a ,  p i l l o w s  formed i n  t h e  sync l ine  

a t  t h e  base  of t h e  e a r l i e s t  ~ renchman  flow. 

Between Frenchman Spr ings  and P r i e s t  Rapids t i m e ,  a major 

eas t -wes t  r i v e r  d ra inage  system formed. I t  was through t h i s  

180 m deep canyon t h a t  t h e  P r i e s t  Rapids int racanyon f low 

en te red  t h e  a r e a  from t h e  e a s t  and flowed west-northwest t o  

Crown P o i n t  i n  t h e  present-day Columbia River  Gorge. 

"3 Sometime dur ing  Wanapum time, and probably be fo re  P r i e s t  

Rapids t i m e - ,  t h r b s t i n g  occur red  on t h e  northwest  limb of t h e  
I .  

a n t i c l i n e .  Phyr ic  Frenchman Spr ings  f lows  bit n o t  P r i e s t  

Rapids flows have y e t  been found on t h e  upper t h r u s t  p l a t e .  

V e r t i c a l  f r a c t u r i n g  accompanied t h e  t h r u s t i n g ,  wi th  most in -  

t e n s e  f r a c t u r i n g  n e a r e s t  t h e  t h r u s t  zone. 

The CRB s u r f a c e  was e v e n t u a l l y  covered by younger vo lcan ic  

and v o l c a n i c l a s t i c  rocks.  F r a c t u r i n g  undoubtedly cont inued 

t o  occur ,  and e ros ion  a long  t h e s e  f r a c t u r e s  even tua l ly  re -  

exposed CRB. The most r e c e n t  f r a c t u r i n g  appears  t o  be t h e  

N10-20W t r e n d  t h a t  i s  v i s i b l e  on SLAR imagery and a i r  photos.  

Boring d i k e s  wi th  t h i s  same t r e n d  i n d i c a t e  t h a t  east -west  

ex tens ion  accompanied o r  occurred a f t e r  t h e  north-south com- 

p re s s ion  of t h e  reg ion .  



C. Salmon River Area 
n -* 

In t roduc t ion  

Located between t h e  B u l l  Run River  and t h e  Clackamas 

River d ra inages  i s  a series of smal i  i s o l a t e d  ou tc rops  of 

CRB which cover  approximately 2 5  km2 wi th in  a map a r e a  of 

2 about  250 km . Rela t ionsh ips  between t h e s e  exposures  a r e  

d i f f i c u l t  t o  determine because of s t r u c t u r a l  complexi t ies  

w i th in  some of t h e  a r e a s  and because of r a t h e r  ex t ens ive  a r e a s  

of i n t e rven ing  younger Rhododendron Formation and sedimentary 

v a l l e y  f i l l .  

, S t r u c t u r e  and s t r a t i g r a p h y  

Like  o t h e r  a r e a s  prev ious ly  d i scussed ,  t h e  Columbia River 
r 

B a s a l t  Group exposed i n  t h i s  a r e a  i s  a s s igned  t o  t h e  Yakima 

B a s a l t  Subgroup. A s  i n  n e a r l y  a l l  exposures of CRB i n  western 

Oregon, t h e  b a s a l t s  i n  t h i s  reg ion  a r e  mapped a s  Grande Ronde 

B a s a l t  and Wanapum Basa l t .  The base  of t h e  b a s a l t  i s  n o t  ex- 

posed i n  t h i s  reg ion  wh i l e  t h e  upper c o n t a c t  i s  unconformable 

wi th  t h e  Rhododendron Formation. The Wanapum B a s a l t  i s  re- 

presen ted  by two t o  f o u r  f lows wi th  an approximate t o t a l  

t h i ckness  of 75 m. Although a combination of i n t r i c a t e  s t r u c -  

t u r e ,  poor a c c e s s a b i l i t y ,  and d iscont inuous  ou tc rops  p rec ludes  

a s c e r t a i n i n g  t h e  number of f lows  i n  t h e  Grande Ronde B a s a l t ,  

c e r t a i n  r e l a t i o n s h i p s  can be determined. Two High Mg chemical 

t ype  f lows occupy t h e  upper p a r t  of t h e  format ion and a t t a i n  

a t h i ckness  of about  70 m. The low Mg chemical t ype  possesses  

an unknown number of f lows b u t  can be subdivided i n t o  t h e  CRB 

N2 and R2 paleomagnetic i n t e r v a l s  t h a t  a r e  about  160 m and a t  

l e a s t  50 m t h i c k ,  r e s p e c t i v e l y .  . * 



Travers ing  t h e  a r e a  i s  t h e  N30W t r e n d i n g  Salmon River  

f a u l t  t h a t  s e p a r a t e s  t h e  Columbia P l a t e a u  type  s t r u c t u r a l  

t r e n d s  from those  of t h e  P o r t l a n d  Hi l l s -Bro the r s  f a u l t  zone. 

This  N30W t r e n d i n g  f a u l t  d i s p l a y s  a v e r t i c a l  d isplacement  of 

about  1 4 5  m down t o  t h e  w e s t  wi th  a moderate amount of asso-  

c i a t e d  t e c t o n i c  b r e c c i a  nea r  Arrah Wanna. However, it i s  

b e l i e v e d  t h a t  t h i s  appa ren t  d isplacement  i s  t h e  r e s u l t  of 

o f f s e t  of some p r e - e x i s t i n g  s t r u c t u r e  by r i g h t  l a t e r a l  move- 

ment because ( a )  n e a r  t h e  Salmon River  o p p o s i t e  s i d e s  of t h e  

f a u l t  l a c k  s i g n i f i c a n t  v e r t i c a l  d isplacement ,  and (b )  a long  

t h i s  t r e n d  i n  t h e  Upper Salmon River  t h e  f a u l t  d i s p l a y s  r i g h t  

l a t e r a l  d isplacement .  Fo lds  t o  t h e  east of t h i s  f a u l t  t r e n d  

g e n e r a l l y  N60E wi th  t h e  Bu l l  Run-Ortley a n t i c l i n e  t e rmina t ing  

a t  t h e  Salmon River  f a u l t  i n  t h e  v i c i n i t y  of Brightwood. The 

upper Salmon River  a r e a  i s  a broad asymmetric a n t i c l i n e  wi th  

t h e  same t r e n d  and a p o s s i b l e  connec t ion  wi th  t h e  ou tc rops  a t  

Robinhood qua r ry .  W e s t  of t h e  Salmon River  f a u l t  a  smal l  seg- 

ment of a minor a n t i c l i n e  occu r s  i n  t h e  Alder  Creek-Sandy 

River  a r e a  t h a t  s t r i k e s  N75W s i m i l a r  t o  t h e  f o l d s  of t h e  

Po r t l and  H i l l s  and i s  t h e  only  f o l d  mapped i n  t h e  Clackamas 

River  d ra inage .  

The i n t e r v e n i n g  s y n c l i n e s  a r e  no t  exposed except  f o r  a 

smal l  a r e a  of h y a l o c l a s t i c  m a t e r i a l  t h a t  may mark t h e  a x i s  

of a s y n c l i n e  nea r  t h e  conf luence  of t h e  South Fork and Sal-  

mon River .  The l o c a t i o n  of o t h e r  s y n c l i n a l  axes  a r e  based on 

o t h e r  l i n e s  of evidence and a r e  d i scus sed  below. 

F a u l t i n g  has  s e v e r e l y  complicated s t r a t i g r a p h i c  r e l a t i o n -  

s h i p s  i n  a l l a r e a s e x c e p t  Alder  Creek and t h e  upper Salmon 



River.  The Salmon River a n t i c l i n e  i s ,  however, down f a u l t e d  

about  75 m on t h e  n o r t h  by a  NE t r end ing  normal f a u l t .  

The reg ion  between Arrah Wanna and t h e  U .  S. Highway 26 

b r idge  c r o s s i n g  of t h e  Salmon River  has  been deformed by 

s e v e r a l  f a u l t s ,  a l l  i n  c l o s e  proximity t o  one ano the r ,  b u t  

wi th  d i f f e r e n t  t r e n d s .  A s h o r t  segment of a  t h r u s t  f a u l t  

southwest of Arrah Wanna has d i sp l aced  t h e  b a s a l t  s t r a t i -  

g r a p h i c a l l y  about  180 m. Associated t e c t o n i c  b r e c c i a s  exceed 

100 m i n  t h i ckness ;  however, t h e  t h r u s t  p lane  i s  n o t  exposed. 

This  f a u l t  has  roughly t h e  same t r e n d  and displacement  a s  t h e  

Promontory Park f a u l t  i n  t h e  Clackamas River and may w e l l  con- 

n e c t  wi th  it. The Salmon River f a u l t  i s  exposed an e l e v a t i o n  

of 2400 f t  on Arrah Wanna t r a i l  and i s  r e s p o n s i b l e  f o r  t h e  

disappearance of  t h e  b a s a l t  s e c t i o n  t o  t h e  w e s t  a t  t h i s  loca-  

l i t y .  Displacement a long  t h i s  f a u l t  i s  n o t  known. A N5-10W 

t r end ing  f a u l t  has  be& mapped pass ing  nea r  t h r e e ' q u a r r i e s  i n  

t h e  b a s a l t .  I t  i s  @presented i n  t h e  quar ry  i n  t h &  Salmon 

River by a  3 0  m wide b r e c c i a  zone and a t  t h e  two q u a r r i e s  

no r th  of t h e  Sandy River ,  nea r  North Boulder Creek, a s  a  much 

. broader ,  less e a s i l y  de f ined  s t r u c t u r e  t h a t  has  d i sp l aced  t h e  

western qua r ry  down wi th  r e s p e c t  t o  t h e  upper quar ry .  

Geologic H i s to ry  

The h i s t o r y  of t h i s  reg ion  i s  n o t  e a s i l y  i n t e r p r e t e d  be- 

cause  of t h 2  l a c k  of c o n t i n u i t y  between outcrops  and t h e  lAck 

'of exposed s y n c l i n a l  'areas  ; however, ' c e r t a i n  even t s  can be 

deduced. The NE* t r end ing  f o l d s  a r e  known t o  have formed dur- 

ing  t h e  i ncu r s ion  of t h e  b a s a l t s  because of t h e  on-lap a g a i n s t  

a n t i c l i n e s  of' some f lows and t h e  h y a l o c l a s t i c  and p i 1  low 



- "-- - s 

d e p o s i t s  found only i n  s t r u c t u r a l l y  depressed a r e a s .  These 
- 

f e a t u r e s  a r e  n o t  observed i n  t h i s  a r e a  b u t  occur i n  t h e  e a s t -  

ward ex tens ion  of t h e  f o l d s .  S i m i l a r l y  t h e  Arrah Wanna t h r u s t  

f a u l t  probably formed dur ing  t h e  l a t e r  s t a g e s  of t h e  deforma- 

t i o n a l  ep isode  t h a t  produced t h e  f o l d s  a s  i s  t h e  c a s e  wi th  
, 

t h e  Bu l l  Run t h r u s t  and some of t h e  t h r u s t s  on t h e  Columbia 

P l a t eau .  
C * 4 , 
The youngest  t e c t o n i c  even t  t o  have occur red  i s  t h e  Salmon 

River  F a u l t .  When p r o j e c t e d  t o  t h e  south ,  t h e  f a u l t  apparen t ly  

has  d i s p l a c e d  P l i e s t o c e n e  g l a c i a l  f e a t u r e s  a s  seen on a i r  

photos  and SLAR imagery nea r  Tumbling Creek, a  t r i b u t a r y  of 

t h e  upper Salmon River.  

D. Clackamas River Area -I- 

In t roduc t ion  -< + *. *. --  . 

Columbia River  B a s a l t  i s  exposed i n  t h e  Clackamas River 

a r e a  w i th in  deeply c u t  canyons of an ex t ens ive  dra inage  sys- 

2 t e m  t h a t  covers  more than 700 km . The b a s a l t  f lows form 

impressive c l i f f s  wi th  occas iona l  w a t e r f a l l s  w i th in  t h i s  a r e a  

some 7 3  km southwest of M t .  Hood (F igure  1-1) . The e a s t e r n  

p a r t  of t h e  a r e a  i s  c h a r a c t e r i z e d  by t h e  c o n s t r u c t i o n a l  vol-  

can ic  t e r r a i n  of t h e  high Cascade Range whi le  t h e  w e s t  i s  

dominated by more maturely d i s s e c t e d  western Cascade topography. 

The b a s a l t s  of t h e  Columbia River  Group a r e  o v e r l a i n ,  

unde r l a in  and i n t e r f i n g e r e d  wi th  vo lcan ic  and v o l c a n i c l a s t i c  

rocks  of l o c a l  Cascadian o r i g i n .  The Clackamas River  v a l l e y  

i n  t h e  v i c i n i t y  of Ripplebrook Ranger S t a t i o n  is  t h e  approxi-  

mate southern l i m i t  of t h e s e  b a s a l t s ,  where they  l a p  a g a i n s t  



a  p r e - e x i s t i n g  topographic  h igh  formed by t h e  L i t t l e  Bu t t e  

Volcanic S e r i e s .  Success ive  f lows of CRB f i l l e d  r e l a t i v e l y  

smooth t e r r a i n  t o  t h e  n o r t h  of t h e  h igh land  and encroached 

p rog re s s ive ly  deeper  i n t o  t h e  f o o t h i l l  v a l l e y s .  Sediment and 

d i s t a l  vo l can i c  f a c i e s  i n  t u r n  covered t h e  sou thern  per imeter  
*, 

of t h e  b a s a l t  'dur ing t h e  i n t e r f  l a w  p e r i o d s  t o  form a  number 

of i n t e r b e d s  up t o  4 6  m t h i c k .  S i m i l a r l y ,  d e p o s i t s  of t h e  

Sard ine  Formation r a p i d l y  b u r i e d  t h e  b a s a l t  a f t e r  t h e  l a s t  

f low e n t e r e d  t h e  a r e a .  

Deep i n c i s i o n  by t h e  Clackamas River  and i t s  t r i b u t a r i e s  

ha s  exposed more than  550 m of CRB i n  t h i s  a r e a .  The complete 
f 

b a s a l t  sequence can be seen i n  t h e  c l i f f s  forming t h e  canyon 

w a l l s  i n  t h e  v i c i n i t y  of Three Lynx. 

S t r u c t u r e  and s t r a t i g r a p h y  a . 

The g e n e r a l  geometry of t h e  CRB i n  t h e  Clackamas River  
I* 

are; i s  a  broad s l a b  t h a t  i s  g e n t l y  i n c l i n e d  toward t h e  nor th-  

west. Dips over  most of t h e  a r e a  a r e  less than  10 degrees ,  
* 

i n  p a r t  account ing  f o r  t h e  e x t e n s i v e  exposures  t h a t  occur  be- 

tween Lake H a r r i e t  on t h e  e a s t  and North Fork Reservoi r  on 
r 

t h e  west .  d 

The s t r u c t u r e  of t h e  a r e a  c o n s i s t s  predominantly of nor th-  

west- t rending f a u l t s  t h a t  c u t  t h e  g e n t l y  t i l t e d  b a s a l t  i n  an 

en echelon p a t t e r n  (F'ibure III-l) ,  a s  i s  r e f l e c t e d  i n  t h e  

d ra inage  p a t t e r n  of t h e  nor thwes t  f lowing Clackamas River .  

NE and N-S t r e n d i n g  f a u l t s  a l s o  occu r ,  b u t  a r e  i n  t h e  minor- 

i t y .  Some f a u l t s  a r e  predominantly s t r i k e - s l i p  and o t h e r s  

a r e  predominantly d i p - s l i p ;  however, a l l  f a u l t  p l a n e s  a r e  

v e r t i c a l  o r  n e a r - v e r t i c a l .  Moreover, t h e r e  i s  an absence of 





drag- fo lds  a s s o c i a t e d  wi th  t h e s e  f a u l t s .  

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

t h e  deformed boundary of an o the rwi se  r e l a t i v e l y  unwarped 

body of b a s a l t .  Dips i n  t h e  Roaring River  and Lake H a r r i e t  

a r e a s  range between 20 and 4 0  deg rees  a d j a c e n t  t o  f a u l t s  wi th  

o f f s e t s  of 200 m o r  more. The a t t i t u d e s  of f lows  observed 

wi th in  t h e  Roaring River  d ra inage  d e f i n e  a  nor thwes t  t rend-  

i n g  a n t i c l i n e  wi th  a  c r e s t  t h a t  appea r s  t o  be down-dropped 

a s  a  block o r  b locks  a long  t h e  Huxley Lake, South Fork and 

t h e  Ind ian  Ridge f a u l t s .  The Lake H a r r i e t  a t t i t u d e s  appear  

t o  r e f l e c t  t h e  asymmetrical  e a s t  l imb of t h e  "Clackamas Ant i -  

c l i n e "  of Peck and o t h e r s  (1964) ,  o r  p o s s i b l y  a  monoclinal  

f o l d  down t o  t h e  e a s t .  F a u l t s  over  t h e  r e s t  of t h e  a r e a  are 

n o t  a s s o c i a t e d  wi th  s t e e p l y  d ipp ing  f lows,  i n  d i s t i n c t  con- 

t r a s t  wi th  t h o s e  on t h e  n o r t h e a s t  pe r ime te r  of t h e  a r e a .  The 

Lockaby f a u l t ,  f o r  example, h a s  more than  1 0 0  m of v e r t i c a l  

o f f s e t  a long  a  very narrowly de f ined  v e r t i c a l  f a u l t  p lane .  

Flows a d j a c e n t  t o  it a r e  r e l a t i v e l y  undis turbed  by t h i s  move- 

ment between NW t r e n d i n g  en echelon f a u l t s .  However, t h i s  

s imple  p i c t u r e  i s  complicated by s t r i k e - s l i p  movement a long  

a t  l e a s t  two of t h e s e  f a u l t s .  

Right  l a t e r a l  f a u l t s  occur  a t  Big C l i f f  and nea r  Thi rd  

Creek, a  t r i b u t a r y  of F i sh  Creek. Both of t h e s e  f a u l t s  

d e f i n e  prominent a i r  photo l i n e a r  s t h a t  a r e  c l e a r l y  e v i d e n t  

w i t h i n  rocks  of t h e  ove r ly ing  Sa rd ine  Forn~at ion .  An a p ~ a r e n t  

normal displacement  of 1 5  t o  30 m occu r s  a c r o s s  t h e  Th i rd  

Creek f a u l t ,  b u t  no d e t e c t i b l e  displacement  can be seen a t  

Big C l i f f .  The amount of h o r i z o n t a l  o f f s e t  on e i t h e r  of 



these fau l t s  cannot be deduced based upon existing data. How- 

ever, many lesser fractures with horizontal slickensides can 

be seen throughout the  area, suggesting that the collective 

offset on a l l  such fractures  and faults could be substantial .  

The shallow dips exposed in the Clackamas River canyon are 

only slightly greater than the gradient of the river itself ,  

so that abrupt changes in the stratigraphy along the river 

are nearly always the result of f a u l t i n g  rather than folding. 

Both t he  disappearance of t h e  top of the CR3 at N o r t h  Fork 

Reservoir and the appearance of the base of the section near 

Three Lynx are, i n  p a r t ,  the result of d i p - s l i p  movements on 

normal f a u l t s  rather than d i p  alone, The n e t  effect of t h i s  

faul t ing  and particularly that at North Fork Reservoir is 

that one does not  traverse the  e n t i r e  CRB sequence f r o m  nor th-  

west t o  southeast through the Clackamas R i v e r  canyon. Less 

than half of the 17 flows are exposed at highway level across 

the area due to f a u l t i n g .  Thus, an excursion through the Clacka- 

m a s  River canyon is an experience l i m i t e d  to the lower half of 

the section. 

The stratigraphy 05 the Clackamas River area consists 

of Wanapum and Grande Ronde Basalt. Only the Frenchman Springs 

Member has thus f a r  been identified w i t h i n  the former of these 

t w o  fo rmat ions .  The Grande Ronde stratigraphy is very similar 

to that observed elsewhere, except that interbedded sedimen- 

tary u n i t s  are more common and the distinctive Prineville 

chemical type is present, 

The Grande Ronde Basalt in t h e  olackarnas River area con- 

sists of at least  eleven flows and five or more interbeds with 

a combined thickness of more than 4 2 5  m (Figure 111-2). Two 



Ioa MgD geocheai c a l  type; f inr to 
v e r y  f i n t  g ra ined  marsirr b a s a l t ;  
th ick  h a c k l y  t i c t c d  ~ n t a h l a t u r a s  

Icr MgO gtocheaicrC type 

t o r  110 p~echtmical type 

Figure 111-2, Generalized Stra t ig raphic  Column for Columbia 
R i v e r  Basalt in t h e  Clackamas River Area 



High Mg f lows occur  a t  t h e  t o p  of t h e  format ion.  The remainder 

of t h e  Grande Ronde B a s a l t  c o n s i s t s  of f lows of t h e  Low Mg 

geochemical t ype  s e p a r a t e d  i n t o  two approximately equa l  p a r t s  

by two i n t e r c a l a t e d  f lows of P r i n e v i l l e  chemical  type .  There 

a r e  two paleomagnetic r e v e r s a l  e v e n t s  w i t h i n  t h e  Clackamas 

River  s e c t i o n  t h a t  d i v i d e  it i n t o  t h r e e  p l a r i t y  i n t e r v a l s .  

These a r e  cons idered  t o  be e q u i v a l e n t  t o  t h e  R ~ / N ~  and N ~ / R ~  

paleomagnetic ho r i zons  recognized by p rev ious  workers e l s e -  

where i n  t h e  Columbia P l a t e a u  (F igu re  1 1 - 2 ) .  The N ~ / R *  paleo- 

magnetic break c o i n c i d e s  wi th  t h e  Low Mg/Pr inev i l l e  geochemical 

b reak ,  making t h i s  a  wel l -def ined  s t r a t i g r a p h i c  hor izon.  

The P r i n e v i l l e  f lows a r e  d i s t i n c t i v e  from t h e  s t andpo in t  

of bo th  t r a c e  element and major ox ide  geochemistry.  They 

a l s o  d i f f e r  from o t h e r  f lows w i t h i n  t h e  Grande Ronde s e c t i o n  

from t h e  s t andpo in t  of pet rography and c e r t a i n  p h y s i c a l  char-  

a c t e r i s t i c s .  

The P r i n e v i l l e  b a s a l t  t ype  was f i r s t  recognized and des-  

c r i b e d  by Uppulur i  (1973, 1974) from exposures  n e a r  P r i n e v i l l e  

Dam i n  c e n t r a l  Oregon. Other  f lows of t h i s  chemical  t ype  were 

a l s o  observed by Nathan and F ruch te r  (1974) a t  Buck Creek and 

Tygh Ridge about  47 km nor th -no r theas t  of t h e  t ype  l o c a l i t y ,  

where t hey  a r e  i n t e r c a l a t e d  wi th  f lows of t h e  Low Mg Grande 

Ronde g e ~ c h e m i c a l  type .  Wright, and o t h e r s  (1973) and Brock 

and G r o l i e r  (1973) no ted  t h e  anomalously high P20S Concentra- 

t i o n s  i n  t h e s e  f lows,  a s  d i d  Uppuluri  a t  t h e  t ype  l o c a l i t y .  

The P r i n e v i l l e  chemical  t ype  f lows  i n  t h e  Clackamas River  

d ra inage  a r e  e a s i l y  d i s t i n g u i s h a b l e  from o t h e r  Grande Ronde 

f lows by both major ox ide  and t r a c e  element d a t a .  Four t r a c e  



elements, Sm, Eu, Ba and C o ,  are particularly striking as 

d i f  ferentiators . Ba concentrations in the Clackamas River 

flows are higher by a factor  of t w o  to three than any of the 

other flows i n  the section. The only comparable value any- 

where in the C o l u m b i a  River Basalt Group is that of the Uma- 

t i l l a  Member of the Saddle Mountains B a s a l t ,  which has Ba 

concentrations t h a t  are s l i g h t l y  higher.  Conversely, Co 

abundances in the Clackamas River flows are 30 to 37  pdrcent 

lower than a l l  other flows in the section. It is in fact 

lower than in any other chemical  type in the e n t i r e  Colurnhia 

River Basalt Group. Eu, l i k e  Ba, has concentrations that are 

greater than the other flows by a factor of two to three, 

which is approximately equal to the Urnatilla and slightly 

exceeded by the youngest of the t w o  Ice Harbor flows of the 

Saddle Mountains Basalt, Sm concentrations are 30 to 60 per- 

cent higher than Low Mg flows and 8 0  to 85 percent higher 

than High Mg Grande Ronde flows. Major oxide distinctions 

include P205 concentrations that are three to four t i m e s  

greater, S i O Z  that is 2 to 4 percent lower, and TiOa that is 

up to 40 percent higher than other Grande Ronde types.  

The Psineville flows, as their unusual chemistry would 

suggest, are petrographically distinguishable from other 

Grande Ronde flows. Their most distinctive characteristic 

is the anomalously long, acicular apatite crystals that occur 

in great abundance in all thin sections. Acicular apat i te  

also occurs in other flows in the section but is relatively 

finer-grained by a factor of three to four. The presence of 

these crystals is a direct reflection of the anomalously high 
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P205 con ten t .  

The P r i n e v i l l e  f lows can a l s o  b e  d i s t i n g u i s h e d  from t h e  

rest of t h e  Grande Ronde s e c t i o n  on t h e  b a s i s  of j o i n t i n g  

c h a r a c t e r i s t i c s .  They r a r e l y  have hackly e n t a b l a t u r e s  and 

c o n s i s t  a lmost  e n t i r e l y  of fa i r - to-wel l -developed blocky 

colonnades.  This  c o n t r a s t s  d rama t i ca l ly  wi th  t h e  en t ab la tu re -  

dominant, Low Mg Grande Ronde f lows above and below them. 

The s t r a t i g r a p h y  of t h e  b a s a l t s  a long  t h e  Clackamas 

River i s  a l s o  c h a r a c t e r i z e d  by i n t e r b e d s ,  a s  p rev ious ly  noted.  

These u n i t s  i n c r e a s e  i n  number and th i ckness  from n o r t h  t o  

south a c r o s s  t h e  a r e a .  They a r e  u s e f u l  s t r a t i g r a p h i c  markers 

on a  l o c a l  b a s i s .  Although t h e  composit ion of t h e  i n t e r b e d s  

i s  v a r i e d ,  t h e  presence of s t r a t i f i e d ,  f ine-gra ined  d e p o s i t s  

c l e a r l y  i n d i c a t e s  t h a t  bodies  of water  covered much of t h e  

a r e a .  P i l l ow complexes up t o  2 5  m t h i c k  commonly occur above 

t h e s e  d e p o s i t s  i n d i c a t i n g  ponded water .  This  cond i t i on  pre-  

v a i l e d  throughout  CRB t ime i n  t h e  Clackamas River  a r e a  and 

was a l s o  t h e  ca se  i n  o t h e r  p e r i p h e r a l  a r e a s  of t h e  Columbia 

P l a t e a u  a s  w e l l  (Swanson, 1978) .  

Geologic H i s to ry  
.. 

Very l i t t l e  contemporaneous s t r u c t u r a l  a c t i v i t y  i s  ind i -  

c a t e d  dur ing  CRB t i m e .  Minor p re - r eve r sa l  f o l d i n g  i s  i n d i c a t e d  

by d i p s  t h a t  a r e  s t e e p e r  w i th in  t h e  P r i n e v i l l e  f lows  than  i n  

ove r ly ing  f lows i n  some l o c a l i t i e s .  The magnitude of t h i s  

f o l d i n g  i s  cons idered  minor s i n c e  t h e  number of f lows  and t h e i r  

c o l l e c t i v e  t h i ckness  w i th in  t h e  Grande Ronde s u b u n i t s  i s  nea r ly  

cons t an t  a c r o s s  t h e  Clackamas River a r e a  (Anderson, 1 9 7 8 ) .  

Broad bas in ing  and p o s s i b l e  f a u l t i n g  i s  i n d i c a t e d  by t h e  



exclusion of the upper t w o  to three flows of t h e  Frenchman 

Springs sequence from the area immediately adjacent to the 

southern edge of the basalt. This occurs over a distance of 

1.8 to 3.7 km and involves about 67 m of section. 

The major offsets observed on faults cutting CRB i n  the 

Clackamas R i v e r  area are mostly post-Sardine in age. 

E, Old Maid Flat Exploratory Hole 

The exploratory hole at Old Maid F l a t  (2Sj8E-15cd) on the 

western flank of Mt. Hood was drilled to a depth of 4,003 ft 

at an elevation 05 2 , 7 5 0  ft. The hole was d r i l l e d  w i t h  rotary 

bits and a l l  samples collected were cuttings brought up with 

the circulating mud, Most samples from any given depth con- 

ta ined much less than 100 percent of any one rock type indi -  

cating a significant amount of uphole contamination, becoming 

a more serious problem with depth, From a complete s e t  of 

samples s p l i t  from those collected at the time of dril l ing,  

we chose samples for  analysis that seemed most l i k e l y  to con- 

t a i n  a high percentage of basalt .  We were guided in t h i s  

choice by the l i thologic log and various downhole geophysical 

logs, From these samples we chose seven that appeared to 

represent seven individual flows, most of which w e r e  greater 

than 30 m thick, and one sample consisting of large chips of 

gabbro brought up on the b i t  from a depth near 3500 ft. Each 

sample selected was thoroughly washed and sieved to obtain 

larger fragments which were then hand picked with the a i d  of 

a binocular microscope. The most abundant group of basaltic 

chips in each sample w i t h  similar physical characteristics 

w e r e  selected for analysis ,  Approximately one gram of each 



sample was selected and then fur ther  cleaned in an ultrasonic 

vibra tor  to remove any traces of drilling mud and other clay- 

s i z e d  particles. The e i g h t  prepared samples were  then analy- 

zed by instrumental neutron activation analysis (INAA) in the 

standard manner. 

The geochemical data generated are presented in Figure 

111-3 and a summarized evaluation of t h i s  data in terms of 

identification and correlation is presented in Figure I11 - 4 ,  

The results are summarized as follows: 

I. All basalt  samples analyzed are CRB and each was iden- 

t i f i e d  with considerable confidence as to individual chemical 

type  

2. Basalt occurs beneath the Old Maid Flat site at a 

depth i n t e rva l  from 2028 to 3850 ft, a total interval of 1822 

ft. This composite thickness is very similar to t he  CRB in the 

Clackamas River area. We originally predicted that the thick-  

ness of CRB beneath Mt. Hood would be between 1500 and 2000 ft 

based on a composite t h i c k n e s s  of a l l  u n i t s  of CRE known to 

occur from t h e  Colwnbia River Gbrge to the Clackamas River. 

3 .  The bottom 1045 ft of t h i s  interval is bracketed by 

Low Mg Grande Ronde Basalt flows which is comparable in thick-  

ness to sections at Multnomah Creek (1100 f t )  and in Clackamas 

River A r e a  11500 ft) . 
4 .  Sample OMF 3140 is from a Prineville chemical type 

flow. The position of this flow, below a L m  Mg Grande Ronde 

flow is similar to that of the uppermost Prineville flow at 

Tygh Ridge (Nathan and Ruchter, 1974). No other Prinevilfe 

flows aye known in t h e  Cascade Range other than those recently 



SAMPLE 

SAMPLE 

36.60 0.20 31.00 10.00 490.00 150.00 Frenchmn Springs M e m b e r  
33.99 0.19 17.00 8.00 550.00 140.00 Lcw Mg Grande M d e  Basalt 
36.40 0.20 8.00 7.00 2400.00 300.00 P r i n e v i l l e  W a l t  
33.33 0.19 20.00 8.00 1030.00 170.00 % ?@ Grande Iionde Basalt (Contaminated) 
26.02 0.15 340.00 80,OO 170.00 100.00 Gawxo - Not CRB 

35.28 0.20 31-00 10.00 1290.00 180.00 rXkJ hlg Grande Ronde Basalt ( C o n t m h t e d )  
31.95 0.18 17.00 8.00 590.00 140.00 Lrclw Mg Grande Ronde Basalt 
33.48 0.20 21.00 9.00 630.00 140.00 Lrclw Mg Grande Ronde Basal t  

F i g u r e  111-3.  G e o c h e m i c a l  d a t a  o n  O l d  Maid F l a t  d r i l l  h o l e  s a m p l e s .  



Eleva t ion  Depth Thickness  Sample Geochemical I d z n t i -  
f i c a t i o n  & Comments 

2750 ' 0 Pos t  CRB Mudflow D e -  
2028 ' p o s i t s ,  a l luv ium and 

vo lcan ic  sediments 

722' 2028 ' Frenchman Spr ings  
60 '  Om207 2 Member 

(Local  v o l c a n i c  e p i -  
sode) 

-65' 2815' Low Mg Grande Ronde 
167 '  OMF2900 B a s a l t  (2253-Age da t ed  

Sample - 12.2 + 2 m.y.) 
#307OV s i d e w a l l  sample 
Normal P o l a r i t y )  

-232' 2982' 
208 ' Om3140 P r i n e v i l l e  B a s a l t  

T o t a l  Thickness  of CRB i n t e r v a l  
Grande Ronde 

Low Mg Grande Rontie 
Om3290 B a s a l t  (contaminated 

w / P r i n e v i l l e )  

( I n t e r b e d  & smal l  
i n t r u s i o n )  

Om3518 Gabbro - d i k e  o r  s i l l  

Low Mg Grande Ronde 
OMF3530 B a s a l t  (contamined 

w / P r i n e v i l l e )  

Low Mg Grande Ronde 
OMF3680 B a s a l t  

Low Mg Grande Ronde 
OMF3850 B a s a l t  

Volcanic  sediments  
(XLTuff - age da t ed  
8  m.y.) 

- 1822 ' ;  1045' of Low Mg 

F igu re  111-4 .  Columbia River  B a s a l t  s t r a t i g r a p h y  i n  Old Maid 
F l a t  Explora tory  Hole 



found i n  t h e  Clackamas River a r e a  (Beeson and o t h e r s ,  1976; 

Anderson, 1978) . 
5. Samples O M '  3290 and OMF' 3530 a r e  Low Mg Grande Ronde 

contaminated wi th  approximately 4 0  pe rcen t  P r i n e v i l l e  b a s a l t  

from uphole.  This  i s  i n d i c a t e d  by t h e  Low Mg Grande Ronde 

chemistry  except  f o r  Ba, Sm, Sc, Co and Eu which have va lues  

between those  of P r i n e v i l l e  and Low Mg Grande Ronde. 

These pre l iminary  conc lus ions  i n d i c a t e  t h a t ,  except  f o r  

l o c a l  i n t e r b e d s ,  a normal t h i ckness  of CRB occurs  under M t .  

Hood and t h a t  t h e  3850 it sample i s  probably t h e  lowes t  ( o r  

nea r  t o  t h e  lowest)  CRB flow i n  t h i s  a r e a .  This  sugges t s  t h a t  

t h e  rocks  below t h i s  sample a r e  o l d e r  than  t h e  CRB. I t  i s  

p o s s i b l e  t h a t  t h e  lower 153 f t  of t h e  ho le  r e p r e s e n t s  an 

in t e rbed ,  b u t  it i s  doubted t h a t  t h e  CRB extends much below 

t h i s  l e v e l .  Fu r the r  study of t h e  geophysical  l o g s  and t h e  

c u t t i n g s  should be c a r r i e d  o u t  t o  r e f i n e  t h e  t h i ckness  of 

b a s a l t  f lows and d e t e c t  p o s s i b l e  i n t e r b e d s ,  a l though i n t e r -  

beds beds of s i g n i f i c a n t  t h i c k n e s s  a r e  known t o  occur between 

depths  of 3340 and 3510 f t  and 2088 and 2815 f t .  The lower 

i n t e r v a l  i s  complicated by a gabbroic  i n t r u s i v e  (OMF 3518) 

no t  r e l a t e d  t o  CRB. The upper i n t e r v a l  i s  much t h i c k e r  than 

any known i n t e r b e d  i n  t h e  Cascade Range (even t h e  Clackamas 

River a r e a  which i s  marginal  t o  an o l d e r  highland)  which i n d i -  

c a t e s  a contemporaneous l o c a l  c e n t e r  of a n d e s i t i c  vo lcan ic  

a c t i v i t y .  This  l o c a l  vo lcan ic  a c t i v i t y  e f f e c t i v e l y  produced 

a topographic  high which prevented CRB f lows  from covering 

t h i s  a r e a  u n t i l  t h e  Frenchman Spr ings  f low which occurs  i n  

t h e  h o l e  from 2028 t o  2088 f t .  - I t  should be  noted t h a t  t h e  

+ 





IV. GENERALIZED STRUCTURAL MODEL OF THE CRB IN THE CASCADE 
RANGE 

A. In t roduct ion  

Although t h e  exposures of CRB are somewhat l i m i t e d  in the 

general Mt, Hood area, certain cansistencies lead the authors 

to bel ieve  t h a t  a generalized s t r u c t u r a l  model can be pre- 

sented that is at Least a first order approximation of the 

actual geologic structure. 

The structural model which is proposed consists of 1) 

several NE trending fo lds  passing through the Cascade Range 
,. 

and merging w i t h  f o lds  of the Columbia Plateau (at least one 

of the a n t i c l i n e s  is faulted and t h r u s t  in places);  2) a 

wrench f a u l t  zone exposed i n  the Clackamas R i v e r  area which 

is aligned w i t h  the Brothers f a u l t  zone and the Portland H i l l s  

fault zone and along which NW trending en echelon faults and 

a f e w  NW trending folds occur; and 3 )  N-NW trending fractures 

and faults some of which display r i g h t  lateral movement, the 

more nor the r ly  oriented often being the locus of d i k e  injec- 

t i on ;  4 )  Cascade upwarp and cauldron-type f a u l t i n g  around Mt. 

Mood. 

B. NE Trending Folds and Thrust Faults 

The most dominant and consistent structural trend in the 

CRB is the NE trending folds, Most strike from N40 to 65E 

which is similar to those along the Columbia River from Hood 

River to The Dalles. Because the  structure began to develop 

during the t h e  that the CRB was sti l l  spreading over the 

area, it i s  assumed that  fold trenda project across the pre- 

s e n t  Cascade Range and merge w i t h  those of the plateau. The 



mapping of CRB in the Hood River Valley area tends to conf i rm 

this premise. 

The characteristics of the NE-trending folds are generali- 

zed as follows: 

1 .  They are asymmetrical w i t h  gentle dips (5-15 degrees) 

on the SE limbs of the ant ic l ines  and steep dips  (25-35 degrees) 

on the NW limbs. 

2. The a n t i c l i n e s  are occasionally thrust faulted on the 

NW limb with t h r u s t i n g  from SE to NW. 

3 .  Fold ing  began by High Mg Grande Ronde t i m e .  P i l l b w  

lavas and interbeds often occur in synclines; abbreviated sec- 

t i o n s  occur in crests of anticlines.  

4 .  Folding continued to build structural relief long 

af ter  the last CRB flow (Priest Rapids) entered the area. 

Total structural relief on the folds in t h e  Bull Run Watershed 

i s  on t h e  order of 300  m. 

5. These folds seem to change trend and/or terminate 

near the N30W trending Salmon River fault. 

6 .  Near the a n t i c l i n e  hingel ine ,  zones of brecciation 

which paral le l  flow layers are common. 

These fo lds  are similar in trend, age, and physical char- 

acteristics to those in CRB on the western margin of the C o l -  

umbia Plateau (Kienle and others, 1978) which strongly suggests 

that t h e y  belong to the same episode of deformation, 

An extrapolation of Columbia Plateau folds southwestward 

across the Cascade Range, provides the following structural 

correlations: 

1. The Mosier syncl ine extends up the West Fork Hood 



River  and becomes t h e  B u l l  Run sync l ine .  

2 .  The O r t l e y  a n t i c l i n e  ex t ends  i n t o  t h e  Bu l l  Run a n t i -  

c l i n e  which then  cu rves  southward t o  Brightwood where it t e r -  

mina tes  a g a i n s t  t h e  N30W t r end ing  Salmon River  f a u l t .  T h i s  

a n t i c l i n e  i s  known t o  b e  f a u l t e d  on t h e  NW limb where it 

. c r o s s e s  t h e  Columbia River .  The NW l imb i s  a l s o  t h r u s t - f a u l t e d  

i n  t h e  B u l l  Run Watershed a r e a .  

3 .  The D a l l e s  s y n c l i n e  h a s  no e q u i v a l e n t  f o l d  exposed 

w e s t  of t h e  Cascades,  b u t  it should p r o j e c t  under M t .  Hood. 

I t  i s  suspec ted  t h a t  t h i s  i s  t h e  major s y n c l i n e  through t h e  

Cascades i n  t h i s  a r e a ,  and p o s s i b l y  c o n t a i n s  wes te rn  Oregon 

CRB f lows n o t  found i n  o t h e r  exposures  of t h e  Cascades,  such 

a s  t h e  Waverly f lows and t h e  Pomona flow. 

4 .  The sou th  l imb of t h i s  s y n c l i n e  may be  t h e  n o r t h  l imb 

of t h e  a n t i c l i n e  t h a t  is  mapped i n  t h e  upper Salmon River .  

No t h r u s t  f a u l t  h a s  been observed i n  t h i s  a n t i c l i n e ,  b u t  t e c -  

t o n i c  b r e c c i a s  occur  j u s t  nor thwes t  of t h i s  a n t i c l i n e  nea r  t h e  

sou th  Fork Salmon River .  

Thrus t  zones p a r a l l e l  t o  t h e  NE f o l d  s t r u c t u r e s  have n o t  

been p rev ious ly  noted.  A major t h r u s t  on t h e  NW l i m b  of t h e  

B u l l  Run a n t i c l i n e  and fragments  of t h r u s t  zones on t h e  South 

Fork Salmon River  ( ? )  and i n  t h e  v i c i n i t y  of Arrah Wanna have 

been mapped. The c h a r a c t e r i s t i c s  of t h e s e  t h r u s t  f a u l t s  a r e  

a s  fo l lows:  

1. Thick (100-200 m) massive f i n e  t o  c o a r s e  b r e c c i a  zone 

above t h r u s t  p lane .  

2. Thin (1-3 m )  coa r se  b r e c c i a  zone below t h e  t h r u s t  

p lane.  



3 .  Low a n g l e  1 - 1 2  degrees  SE) t h r u s t  p lane.  

4 .  Magnitude of t h r u s t i n g  i s  approximately  one km wi th  

approximately  200 m of throw. 
. . 

5. Within t h e  b r e c c i a  zone flow c o n t a c t s  and a t t i t u d e s  

a r e  obscured.  

6 .  Dip of t h e  t h r u s t  f a u l t s  changes a long  s t r i k e  and may 

become f a u l t s  which appear  t o  have most ly  v e r t i c a l  movement i n  

t h e  same sense  a s  t h e  t h r u s t  movement. 
-. + .e - 

7 .  Th rus t  f a u l t s  a r e  a s s o c i a t e d  w i t h  p r e - e x i s t i n g  zones 

of weakness i n  t h e  b a s a l t  such a s  th inned  CRB s e c t i o n s  o r  ver-  

t i c a l  f a d l t s .  

8 .  NW t r e n d i n g  f r a c t u r e s  (N20W) appear  t o  c u t  t h r u s t  

zone b r e c c i a s  which have r e s u l t e d  i n  cemented zones which now 

s t a n d  o u t  as  r e s i s t a n t  r i d g e s  a s  a r e s u l t  of d i f f e r e n t i a l  
3 

weather ing . 
- r *. *. <. ~ r ' e c c i a s  - o i  t h r u s t  zones a r e  massive and show coher- 

e n t  b u t  l i t t l e  hydrothermal a l t e r a t i o n  o r  cementat ion except  
=. 

f o r  t h e  N20W t r e n d i n g  r i d g e s .  

De ta i l ed  s t r a t i g r a p h y  i n  t h e  B u l l  Run Watershed a r e a  

r e v e a l s  an abb rev i a t ed  s e c t i o n  of CRB a d j a c e n t  t o  t h e  t h r u s t  

f a u l t .  I t  i s  be l i eved  t h a t  t h i s  t h inned  s e c t i o n  is  d i r e c t l y  

r e l a t e d  t o  t h e  development of t h e  t h r u s t  f a u l t  i n  t h i s  a r e a  

(F igure  I V - 1 )  . 
I t  is  concluded t h a t  t h e  t h r u s t  f a u l t s  r e p r e s e n t  f a i r l y  

;hallow, th in-sk inned  def ormhtion of t h e  b r i t t i e ,  competent 

b a s a l t i c  f lows  i n  response t o  N-NW t o  's-SE compress'ion. These 

f a u l t s  may n o t  extend t o  a g r e a t  depth below t h e  b a s a l t i c  

l a y e r  because t h e  under ly ing  less competent rocks  may have 



Figure IV-1. Development of Bull Run thrust fault. Sketches 
show cross-sections (a) pre-thrust and (b) 
post-thrust 



f a i l e d  more by folding. There is no evidence to indicate that 

these zones extended through the limosphere to provide paths 

for magmas to migrate to the  surface, 

C .  Wrench Fault Zone 

The second major feature of this structural model is a 

wrench fault zone exposed in the  Cfackamas River area. This 

wrench zone which is on t r end  w i t h  the  Brother's f a u l t  zone - 
Portland H i l l s  f au l t  zone has the following characteristics: 

1. En echelon fau l t s ,  both right lateral and normal, 

which are oriented about N30W, s l i g h t l y  d i f f e r e n t  than the 

trend of the wrench zone itself ( -.. N45W) . 
2 .  A few N W  trending fo lds  occur such as the one i n  Roar- 

ing River and the Portl&d H i l l s .  The trend of these folds is 

slightly m o r e  westerly than that of t h e  wrench i t se l f .  Fold 

of t h i s  trend seem to be restricted to the southwest of the 

N30W trending Salmon River f a u l t .  The wrench zone seems to 

be more convergent (more folds) near Portland and more diver- 

gent (more faulting) in the Clackamas River area, 

D. NW Trending Faults and Fractures 

Another structural feature that appears to occur through- 

o u t  the entire area is a system of N-NW trending fractures 

and faul t s .  Some of these fau l t s  display s l i c k e n s i d e s  which 

indicate that right l a t e r a l  movement has occurred. These 

fractures and faults  may be subdivided roughly i n t o  three 

dominant trends: 

1, N10-20W - Have l i t t l e  if any vertical off set ;  f a u l t  

zones. are narrow ( - 5 m) , brecciated and cemented; cavity 



f i l l i n g s  a r e  common; Boring-type (P l io-Ple i s tocene)  b a s a l t i c  

d ikes  u sua l ly  occur i n  f r a c t u r e s  having t h i s  o r i e n t a t i o n ;  

f r a c t u r e s  with  t h i s  o r i e n t a t i o n  c u t  ac ros s  t h e  flows and 

b recc i a  zone. 

2. N30W - Have wide b recc i a  zone (10-30 m ) ;  some c a v i t y  

f i l l i n g s ;  no d ikes ;  occasional  cons iderab le  v e r t i c a l  o f f s e t .  

3. N55W - Trends occur most commonly near  t h e  t h r u s t  

zone i n  t h e  Bul l  Run Watershed Area; no v e r t i c a l  o f f s e t  

observed; l i t t l e  b recc i a  i n  a  narrow ( -1  m )  zone. 

These f r a c t u r e s  seem t o  vary considerably i n  l eng th ,  b u t  

t h e  N30W and t h e  N10-20W a r e  more ex tens ive  than t h e  N55W 

f r a c t u r e s .  Ind iv idua l  f r a c t u r e s  s e e m  t o  connect t o  those  of 

another  t r e n d  which g ives  t h e  impression t h a t  t h e  l i t h o s p h e r e  

has  r i f t e d  a long an i r r e g u l a r  l i n e  bounded by f r a c t u r e s  of 

d i f f e r e n t  o r i e n t a t i o n s  (Figure  I V - 2 ) .  De ta i led  observa t ions  

a long streams show t h a t  stream t r e n d s  a r e  o f t e n  t h e  r e s u l t  of 

two t r e n d s  which i n t e r s e c t  one another  (Figure  IV-3). W e  

i n t e r p r e t  t h e s e  t r e n d s  t o  i n d i c a t e  predominantly extension 

along N10-20W zones and r i g h t  l a t e r a l  movement a long N30W 

zones. The N55W zones show l i t t l e  evidence of movement and 

may be a  secondary e f f e c t  concent ra ted  near  e x i s t i n g  t h r u s t  

f a u l t s .  

E. Cascade Upwarp and Subsidence 

The CRB d ips  gen t ly  away from t h e  High Cascades on both 

t h e  west and e a s t  f l a n k s  of t h e  Cascades i n  t h e  v i c i n i t y  of 

M t .  Hood. This  broad f e a t u r e  i s  probably r e l a t e d  more t o  t h e  

na tu re  of subduction beneath t h e  Cascades than t o  coupled 



Figure IV-2. Pattern of f a u l t i n g .  N20W trend is zone of 
e x t e n s i o n  and d i k e  ernplacemen t . 



F i g u r e  I V - 3 .  F r a c t u r e  p a t t e r n  c o n t r o l l i n g  s t r e am t r e n d  i n  
upper  Blazed Alder  Creek.  



wrenching of t h e  c o n t i n e n t a l  l i t h o s p h e r i c  p l a t e .  We assume 

t h a t  a c t i v e  subduction occurred dur ing  most of t h e  Cascade 

volcanism which r e s u l t e d  i n  i n t r u s i o n  and ex t ru s ion  of i n t e r -  

mediate composition m e l t s  which heated and swel led t h e  c r u s t  

producing upwarping. Lack of p r e s e n t  day s e i s m i c i t y  argues  

a g a i n s t  an a c t i v e  subduction zone and subsidence of t h e  c r e s t  

of t h e  range may i n d i c a t e  r e c e n t  ex tens ion .  

North-trending f a u l t s  wi th in  t h e  Hood River f a u l t  zone 

con ta in  sl i ckens ides  which i n d i c a t e  r i g h t  l a t e r a l  movement 

wi th  a v e r t i c a l  component. We b e l i e v e  t h a t  t h e  Cascade Range, 

due pos s ib ly  t o  i t s  h ighe r  than  normal h e a t  f low, has  behaved 

anomalously t o  t h e  r eg iona l  s t r e s s e s  r e s u l t i n g  i n  a r i g h t  

l a t e r a l  wrenching a long t h i s  zone. Deeper rocks  a long t h e  

Cascade Range may behave more p l a s t i c a l l y  t o  wrenching, than 

t h e  c o o l e r ,  more b r i t t l e  rocks  nea r  t h e  su r f ace .  This  wrench- 

i n g  combined wi th  E-W extens ion  may have produced t h e  s e r i e s  

of eastward t i l t e d  b locks  i n  t h e  Hood River a r ea .  I t  a l s o  

seems poss ib l e  t h a t  t h e  ex tens ion  may have caused p a r t i a l  

mel t ing  a t  t h e  base  of t h e  c r u s t  thereby  produt ing magma t o  

supply t h e  High Cascade volcanoes i n  t h e  absence of an a c t i v e  

subduction zone. 

The top  of t h e  CRl3 a t  an e l e v a t i o n  of 2028 f t  i n  t h e  Old 

Maid F l a t  exp lo ra to ry  ho le  sugges t s  t h e  p o s s i b i l i t y  t h a t  caul-  

dron-type subsidence has  occurred.  Extension of t h e  Cascade 

Range and magmatization a t  depth may both be ins t rumenta l  i n  

producing t h e  subsidence.  The margins of t h e  subsidence a r e  

n o t  wel l  known due t o  extremely spa r se  d a t a ,  b u t  t h e  abrupt  

t e rmina t ion  of t h e  CRl3 south of Middle Mountain and t h e  general  



physiography would suggest  t h a t  subsidence is  l a r g e l y  confined 

between t h e  Hood River  f a u l t  zone on t h e  e a s t  and a NE-trending 

l i n e  from Dee t o  Zigzag on t h e  west. North of Dee t o  t h e  Col- 

umbia River,  t i l t e d  blocks  towards t h e  Hood River f a u l t  zone 

may r e f l e c t  t h e  te rmina t ion  of graben-type subsidence.  Radio- 

me t r i c  ages  of a n d e s i t e  nea r  t h e  Hood River f a u l t  decrease  

northward sugges t ing  progress ion  of f a u l t i n g  t o  t h e  nor th .  

The southern margin of subsidence i s  even more poorly  def ined ,  

b u t  it does te rmina te  no r th  of t h e  Salmon River.  



V. GEOLOGIC HISTORY OF THE MOUNT HOOD AREA 

A. Pre-Columbia River Basalt 

Geologic evidence as to the na tu re  of the area pr ior  to 

CRB time (16 my BP) is l i m i t e d  largely to exposure's of the 

Eagle Creek Formation and the in part, time-equivalent, L i t t l e  

B u t t e  Volcanic Series. The Eagle Creek formation is composed 

mostly of mudflow deposits  and conqlomesates and ubiquitous 

basalt ic  andesite flows derived from volQanoes of the  western 

Cascades, located nor th  of the  C o l u m b i a  River Gorge and south 

of the Clackamas River. The L i t t l e  Butte Volcanic Series'con- 

sists primarily of mudflow deposits and tuffs. The lowland 

area between the aforementioned highs must have contained one 

or more westwardly-flowing streams. Perhaps the  John Day For- 

mation - correlative in part to the E a g l e  Creek and Little Butte 

Formations - may have extended as a wedge i n t o  this low area 

or gap, The lowest section from t h e  Old Maid Flat explora- 

tory hole is similar to rocks of t h e  John Day Formation which 

crops o u t  near Warn Springs,  5 0  krn to the southeast. 

The Portland H i l l s  faul t  - Clackamas River wrench zone 

was probably already active and expressed topographically, 

judging from the distribution of the CRB northwest of Port- 

land (Beeson and others, 1976) and its abrupt termination in 

the Clackamas River area. 

B. Columbia River Basalt 

During the middle Miocene (16-14 my BP) approximately 29 

d i f f e r e n t  flows of the Columbia River Basalt Group entered 

the area, The maximum number of flows in any one section is 

about 20 flows which means that approximately one flow.entered 



t h e  a r ea  every 100,000 yea r s ;  however, t h e r e  apparen t ly  was 

v a r i a t i o n  i n  t i m e  between s u c c e s s i v e ~ l o w s .  Flows p re sen t  

r ep re sen t  t h e  Pfl, R 2 ,  N2, and R j  magnetic p o l a r i t y  i n t e r v a l s  

and longer than normal i n t e r v a l s  e x i s t  between flows a t  t he  

Vantage horizon and between t h e  Frenchman Springs and P r i e s t  

Rapids Members of t h e  Wanapum Basa l t .  A t  l e a s t  one N1 flow 

occurs  i n  t h e  Columbia River Gorge and i n  t h e  Clackamas River 

i n d i c a t i n g  t h a t  s b m e  of t h e  e a r l i e s t  f lows t o  pass  through 

t h e  Cascades covered the  e n t i r e  gag:' This  same d i s t r i b u t i o n  

genera l ly  c h a r a c t e r i z e s  most succeeding u n i t s  up through t h e  

Frenchman Springs flows. 

Af t e r  Frenchman Springs t ime, e i t h e r  u p l i f t  i n  t h e  Cas- 

cade Range, subsidence i n  t h e  Columbia P l a t eau ,  o r  NE t rend-  

i ng  f o l d s  prevented l a t e r  f lows from covering ex tens ive  a r e a s  

ac ros s  t he  Cascades. The Rosa flows apparen t ly  d i d  no t  extend 

i n t o  t h e  a r e a  because they a r e  no t  p re sen t  i n  any of t h e  CRB 

sec t ions ;  and P r i e s t  Rapids flows have only been found l o c a l l y  

along t h e    osier sync l ine  i n  t h e  Bul l  Run Watershed a rea  where 

they a r e  p a r t l y  confined a s  int racanyon flows. 

During t h e  time t h a t  t h e  CRB flowed through t h e  Cascade 

Range s e v e r a l  geologic  events  took p lace  which a r e  d e t a i l e d  

a s  fol lows:  o f :  

1. Invasion of t h e  P r i n e v i l l e  Basa l t  f lows - While t h e  

Low Mg Grande Ronde Basa l t  f lows were flowing through the  
v 

Cascades from t h e  e a s t ,  e rup t ions  of b a s a l t  i n  t h e  v i c i n i t y  

of t h e  P r i n e v i l l e ,  Oregon, produced approximately 13 flows 

(Uppuluri ,  1974) ,  t h r e e  of which flowed northwestward i n t o  

t h e  Cascade reg ion  t o  i n t e r f i n g e r  wi th  t h e  Grande Ronde 

Basa l t .  Two P r i n e v i l l e  f lows ( s t r a t i g r a p h i c a l l y  a t  t h e  top  



of R2) extended into the Clackamas River area and northward 

to Tygh Ridge. Later (near top of Low Mg Grande Ronde N2), 

one flowed northward to Tygh Ridge and by an unknown route 

into the Mt. Hood area. a 

2. Local andesitic volcanic center near Old Maid Flat - 
\ 

Eruption began during the interval between High Mg and Low Mg 

, Grande Ronde time and probably continued throughout CRB time 

even though one Frenchman Springs flow finally covered at 

least part of this andesitic center. 

- 3. NE trending folds - The Waverly flows near Milwaukie 
seem to be localized flows that were probably chhnneled by a 

e syncline or stream canyon developed within a structural depres- 

sion or zone of weakness. Waverly flows have not been dis- 
\ 

covered as yet in the Cascades. A possible path for these 

two flows is The Dalles - Mt. Hood syncline. In the Bull Run 

watershed area the omission of all Low Xg N2 flows in the 

Blazed Alder Creek exposures indicate structural development 

during CRB tifie. 7 

4. Priest Rapids Intracanyon Flow - Priest fiapids lava 
flowed through the Mosier syncline and into canyons cut into 

CRB as deep as Low Mg Grande Ronde. The former stream valley 

extended from the West Fork Hood River through the Bull Run 

Watershed to Crown Point. The Priest Rapids flows overfilled 

the canyons and completely obliterated the former drainage, 

probably defeatinq the stream and shifting it to another 

location. .i I r ar t 

5. Pomona flow (12 my BP) - After priest Rapids time, 



structural development of the NE trending folds continued 

and volcanism in the Cascades filled structural valleys to 

the east with volcanic debris which was partially water de- 

posited. An example of the latter is the Selah Member of the 

Ellenshurg formation (Kent, 1978). The Pomcna flow passed 

through the Cascade Range, probably channeled by structural 

and erosional valleys, in a yet to be determined location. 

C. Post-Columbia River Basalt 

Volcanism and plutonism continued in the Cascades area 

in post-CRB time. Larger volcanic centers were probably con- 

centrated on The Dalles - Mt. Hood syncline. The Still Creek 

(11.6 my BP) and Laurel Hill (8 my BP) plutons must have been 

emplaced in The Dalles - Mt. Hood syncline which probably 
defeated any stream which might have flowed within the struc- 

ture. Perhaps it was during this time interval that the 

Columbia River was shifted to its present course. In post-CRB 

time several geologic events occurred: 

1. Continued development of NE trending folds and thrust 

faulting in places. At least 300 m of structural amplitude 

exists along north-south cross-sections in the Bull Run Water- 

shed, most of which developed after the last Frenchman Springs 

flow (approximately 14-15 mp BP). Even more relief may be 

present on the extension of The Dalles syncline, buried under 

Mount Hood. 

2. Rhododendron volcanism - Most Rhododendron deposits 
were produced as a result of eruption from andesitic volcanic 

centers. Much of the products preserved occur as sedimentary 



deposits that accumulated in synclinal depressions in the 

CRB. 

3. Development of NW trending faults and fractures - 
NW trending faults appear to have been active after most of 

the NE trending events occurred. The N30W trending Salmon 

River fault cuts off the NE trending folds. Considerable 

displacement occurs on N30W trending faults at Arrah Wanna 

and on Middle Mountain. A N15W fracture in Blazed ~ l d e r  Creek 

and Tanner Creek is extremely linear across the Bull Run syn- 

cline. N10-20W fractures also cut the thrust zone breccias. 

4. Uplift of the Cascade Arch - Uparching of the Cascade 
Range occurred sometime subsequent to the CRB eruptions 

(14-15 my BP). Insufficient data are available to determine 

when the major uplift occurred. Perhaps uplift was most 

active during subduction which resulted in thickening of the 

crust, emplacement of plutons and heating and possible hydra- 

tion of the lithosphere. Most plutons and extrusions in the 

Mt. Hood Area range in age from 11.6 to 4 my BP. 

5. Boring Lava volcanism - Boring lava was erupted 
from centers and widely scattered N-N20W trending dikes which 

are common from Hood River to Portland (Allen, 1977). Boring 

volcanism seems to be associated with E-W extension through- 

out the area. 

6. Subsidence along the High Cascades - The Hood River 
fault probably resulted from right lateral wrenching and sub- 

sequent subsidence after the earlier erupted Boring-type 

lavas (reversed polarity, perhaps 3 my BP). Some of these 

flows are tilted about LO degrees to the east towards the 



Hood River fault. 

7. High Cascade volcanism - This was perhaps the last 
major event and may have been associated with subsidence 

around Pgt. Hood. 
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ABSTRACT 

The lavas that comprise Mt. Hood volcano can be divided 

on the basis of t h e i r  age and modal composition into three 

suites: (I) the sequence of pyroxene and hornblende andesites 

that was erupted prior to the last glac ia t ion  and which 'cm- 

prise about 90 percent of the volcano; ( 2 )  the post-glacial 

hornblende dacites that were erupted primarily as hot  aval- 

anche flows from domes near the summit; and ( 3 )  the flows of 

olivine andesite that w e r e  erupted from several satellite vents 

on the flanks of Mt. Hood. This report presents new composi- 

t iona l  data for the Main-Stage lavas and the post-glacial 

dacites.  

Samples of Main-Stage lavas were obtained from f ive  sub- 

aerial flow sequences and from the Timberline exploratory 

hole. Major and trace element analyses indicate  t ha t  the 

sequential ly  erupted lavas in any one section are not  related 

as member of a simple fractional crystallization series. The 

occurrence of siliceous lavas near the base of some sections 

i n d i c a t e s  that Main-Stage magma reservoirs may have been com- 

pos i t iona l ly  zoned. When the trace element abundances in a l l  

Main-Stage lavas are compared, at l east  t w o  discrete magma 

batches can be i d e n t i f i e d .  

Eruption of the post-glacial dacties took place during 

three eipsodes at approximately 10,000 yrs,  2,000 yrs, and 

200 yrs BP, Each eruptive episode produced a geochemically 



d i s t i n c t  series of l a v a s .  Within each age  group, s e q u e n t i a l l y  

e rup ted  l a v a s  appear  t o  be  r e l a t e d  by smal l  degree  of f r a c -  

t i o n a t i o n  of t h e  observed phenocryst  phases.  I t  i s  suggested 

t h a t  t h e  c o n t r a s t i n g  p roces ses  of d i f f e r e n t i a t i o n  i n d i c a t e d  

f o r  t h e  p o s t - g l a c i a l  v e r s u s  t h e  Main-Stage magmas ( f r a c t i o n a l  

c r y s t a l l i z a t i o n  - v s  magma zona t ion)  may be r e l a t e d  t o  t h e  con- 

s i d e r a b l e  d i f f e r e n c e s  i n  volumes and c o o l i n g  r a t e s  i n f e r r e d  

f o r  t h e i r  r e s p e c t i v e  r e s e r v o i r s .  

Es t imates  of t h e  c o n d i t i o n s  of e q u i l i b r a t i o n  of t h e  pos t -  

g l a c i a l  d a c i t e s  w e r e  made by comparing t h e  phenocryst  compssi- 

t i o n s  i n  a d a c i t e  sample wi th  exper imental  e q u i l i b r i a  d a t a .  

The c a l c u l a t i o n s  y i e l d e d  t h e  fo l lowing  r e s u l t s :  temperature  = 

910 t o  920°C; logar i thm of oxygen f u g a c i t y  = -10.5;minimum load  

p r e s s u r e  = 3.5 t o  7 kb (approximately  equa l  t o  10 t o  20 k i l o -  

meters  dep th)  . 
Because of t h e  i n f e r r e d  smal l  volumes and deep r e s idence  

l e v e l s  of t h e  p o s t - g l a c i a l  magma r e s e r v o i r s ,  it i s  u n l i k e l y  

t h a t  they  would gene ra t e  a s i g n i f i c a n t  geothermal anomaly 

wi th in  o r  immediately beneath  M t .  Hood. Nonetheless ,  because 

of t h e  ve ry  young age  of t h e  most r e c e n t  e r u p t i o n s  (100 - 200 

y r s  B P ) ,  a  l o c a l  h e a t  source  could  be  provided by magma t h a t  

i s  s t i l l  r e s i d i n g  a t  shal low depths  w i t h i n  t h e  vo lcan ic  con- 

d u i t .  I n  a d d i t i o n ,  deep-seated magma chambers a s s o c i a t e d  wi th  

t h e  Main-Stage volcanism could ,  i f  of s u f f i c i e n t  volume, con- 

t i n u e  t o  a f f e c t  t h e  r e g i o n a l  geothermal g r a d i e n t  i n  t h e  v i c i -  

n i t y  of M t .  Hood. 



INTRODUCTION 

M t .  Hood i s  t h e  northernmost of t h e  l a r g e  composite vol-  

canoes t h a t  form t h e  c r e s t  06 t h e   asc cad& Range i n  Oregon. 

The volcano i s  predominantly a n d e s i t i c  i n  composition and 

c o n s i s t s  of about  180 cubic  k i lometers  of f lows and pyro- 

c l a s t i c  deb r i s .  Although t h e r e  a r e  no well-documented 

accounts  of h i s t o r i c  e rup t ions  a t  M t .  Hood, t h e  continuous 

near-summit fumarol ic  a c t i v i t y  i n d i c a t e s  t h a t  t h e  volcano i s  

1. s t i l l  a c t i v e .  

In  h i s  major study of t h e  M t .  Hood a r e a ,  Wise (1969) 

divided t h e  volcano i n t o  t h r e e  l ava  groups; a  voluminobs 

s e r i e s  of a n d e s i t i c  l a v a s  t h a t  was e rupted  p r i o r  t o  t h e  l a s t  

g l a c i a t i o n ,  a  pos t -g l ac i a l  group of d a c i t i c  plug domes and 

p y r o c l a s t i c  f lows,  and seve ra l  pos t -g l ac i a l  s a t e l l i t e  cones 

of o l i v i n e  andes i t e .  Crandal l  and Rubin (1977) subdivided 

t h e  d a c i t i c  rocks by d e l i n e a t i n g  t h r e e  age u n i t s  wi th in  t h e  

p y r o c l a s t i c  f a c i e s .  The lowermost block and ash  flows a r e  

interbedded with  g l a c i a l  till and outwash, and on t h i s  b a s i s ,  

t h e i r  age i s  es t imated t o  be about  10,000 t o  12,000 yea r s  BP. 

~ h e ' s e  f lows a r e  over la in  by two younger p y r o c l a s t i c  sequences 

t h a t  con ta in  charcoal  which have y i e lded  radiocarbon d a t e s  of 

1,700 y e a r s  and 200 yea r s  BP. 

The schematic column of t h e  M t .  Hood sec t ion  (Figure  1) 

summarizes t h e  s t r a t i g r a p h i c  d i v i s i o n s  made by W i s e  (1969) and 

Crandal l  and Rubin (1977).  For t h i s  r e p o r t ,  t he  pre-g lac ia l  
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F i g u r e  1. Schematic  column of  t h e  M t .  Hood S e c t i o n .  The 
t h i c k n e s s  of t h e  p o s t - g l a c i a l  p y r o c l a s t i c  s e c t i o n  
i s  rough ly  p r o p o r t i o n a l  t o  t h e  volumes o f  e a c h  
age  group.  



M t .  Hood sequence w i l l  be called the Main-Stage lavas and the 

post-glacial s i l i c i c  rocks  will generally be referred to as 

dacites, although some andesitic rocks do occur in the sequence. 

The names, Pola l l i e ,  Timberline, and O l d  Maid Flat have been 

applied by Crandall Bpers. corn.) to the 10,000-12,000 yr, 

1,700 yr, and 2 0 0  yr-old block and ash flows, respectively, 

and these names will be used in place of t h e  absolute age 

designations. 

Scope 

The present day study was i n i t i a t e d  in order to apply 

recently developed techniques in petrology and geochemistry to 

the problem of t h e  late-stage magmatic evolution of the Mt. 

Hood lavas. Because knowledge of the order of eruption of 

lavas is cri t ical  in evaluating competing petrological models, 

new analyses of rock samples have been made only where the 

relative ages of flows in a sec t ion  have been determined by 

f i e l d  observation, d r i l l i n g ,  or radiometric dating. The goal 

of the study is to a i d  in the assessment of Mt. Hood as a 

potent ia l  geothermal resource area and, f o r  this reason, empha- 

sis has been placed on the  evolution of the young, s i l i c i c  

socks at Mt. Hood, even though they are volumetrically less 

important than the Main-Stage lavas. 

Analytkcal Procedures 

Concentrations of e ight  major elements in a l l  the Mt. 

Hood samples were determined by X-ray flourescence spectro- 

metry of fused glass discs. Sample s p l i t s  were analyzed for  



Na and Mg by use of a Varian model 175 atomic absorption unit. 

Zr, Sr, Rb, and Ni concentrations were determined by X-ray 

flourescence analysis of pressed powders; all other trace 

elementanalyseswere made by use of instrumental neutron 

activation. Complete trace element analyses were made by 

counting irradiated samples for two and six hours on a 4096 

channel germanium crystal detector. Less precise analyses 

were obtained for most of the dacitic rocks by counting 

samples for two hours on a 2048  channel detector; a procedure 

that is more rapid and less costly than that used for the com- 

plete analyses but which yielded reliable values for Th and 

La. Mineral analyses were made with an electron microprobe. 



POST-GLACIAL DACITES 

Post-glacial dacitic lavas at Mt. Hood occur primarily 

as voluminous pyroclastic debris flows which fill radial 

drainages and mantle the lower slopes of the volcano. The 

abundance of prismatically jointed blocks throughout the 

pyroclastic section and the uniform magnetic orientation of 

blocks in some flows indicate that most of the debris was 

deposited at elevated temperature; in some cases at tempera- 

tures above the Curie point. The flows probably originated 

from explosive eruptions at the sides or base of an episodi- 

cally active dome, the remnants of which cap most of the near- 

summit ridges. 

The Polallie block and ash flows are the oldest and most 

voluminous of the post-glacial pyroclastic deposits. They 

occur primarily on the east and northeast sides of the volcano 

where they are well exposed in sections up to 150 meters thick 

in the canyons of Polallie and Cold Spring Creeks. Flows of 

Polallie age have not been identified on the south, west, or 

northwest slopes of Mt. Hood. A crumble-breccia that occurs 

at the 9500-foot level on Cooper Spur may represent a portion 

of the Polallie dome that was undermined by the repeated block 

and ash eruptions. 

In contrast to the Polallie eruptions, the explosive 

activity that produced the Timberline and Old Maid Flat flows 

was strongly directed to the south and west. The 1,700-year- 

old Timberline pyroclastic flows mantle the south slope of 

Mt. Hood in the vicinity of Timberline Lodge and form thick 



sections in the upper reaches of the Zigzag and Sandy Rivers. 

The 200-year-old flows of the Old Maid Flat group overlie 

flows of Timberline age in exposures along the Sandy River 

where a twenty-centimeter-thick ash layer marks the contact. 

It is likely that rocks of Old Maid Flat age also form the 

noticeably steeper portion of the south slope between the 

8000-foot level and the base of Crater Rock. The large 

blocks in this area are similar in their mineralological and 

chemical composition to blocks from other Old Maid Flat sec- 

tions and they probably were formed by the collapse of a young 

dome that occupied the Devils Kitchen amphitheater, just south 

of the present summit (Figure 2). 

The hornblende dacite plug dome that forms Crater Rock 

is the site of the most intense fumarolic activity in the 

summit region. Its extrusion probably followed the explosive 

activity that produced the Old Maid Flat flows and caused the 

collapse of the Devils Kitchen dome. Additional evidence of 

very young activity was found by Crandall (pers. comrn., 19791, 

who recognized small pumice fragments on the surface of the 

Old Maid Flat flows in the upper portions of the White River 

valley. The pumice is unlike that erupted from neighboring 

volcanoes and was almost certainly produced by a minor erup- 

tion of Mt. Hood, possibly during the reported activity in 

the middle 1800s. 

Petrography 

All of the post-glacial dacitic rocks at Mt. Hood contain 

abundant phenocrysts of plagioclase and ferromagnesian minerals 
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Figure 2. Geologic ske tch  map of t h e  summit a r e a  of M t .  Hood 



in a groundmass of fine-grained crystals, crypto-crystalline 

material and, rarely, light brown glass. Phenocrysts and 

microphenocrysts of plagioclase and orthopyroxene 5 amphibole 

+ clinopyroxene form between 30 and 35 percent of the mode - 

in nearly all observed samples. 

Although most phenocryst grains are optically zoned, the 

range of mineral compositions as revealed by the electron 

microprobe (Table 1) is relatively narrow. Most phenocrysts 

are fresh and display subhedral or euhedral crystal outlines; 

however, amphibole grains are commonly rimmed by fine-grained 

aggregates of opaque minerals and, in some rocks, may be 

totally replaced by this material. Clinopyroxene is generally 

the smallest and least abundant of the phenocryst minerals 

and its occurrence in a given specimen appears to be inversely 

related to the abundance of hornblende. 

It would be impossible to assign a specimen to one of 

the three age groups on the basis of petrography alone; none- 

theless, general petrographic characteristics can be recognized 

in each of the pyroclastic units. Blocks from the Polallie 

flows commonly contain much less modal amphibole and greater 

amounts of modal clinopyroxene than blocks from the two younger 

units. In addition, amphibole phenocrysts are generally quite 

fresh in the Old Maid Flat blocks but appear to be progres- 

sively more resorbed in the older units. These characteris- 

tics may reflect the small but progressive increase in the 

silica contents of the post-glacial dacitic rocks with time. 



TABLE 1 

Mineral Compositions Used i n  Equilibria Calculations 

Pyroxenes 
core core 
opx A cpx A 

f 
5102 52.62 52.10 
Ti02 -05 -34 
A1203 .67 1.73 
FeO 22.66 9.12 
MgO 22.90 14 57 
Mno .69 .28 
CaO 1 .ll 21.70 
total 100.70 99.85 

rim 
opx A .+ 
52-54 
-05 
.84 

21.25 
22.64 

.68 

rim 
cpx A 

52.45 
039 

1.45 
9-15 
14.77 
.28 

gr mass 
opx B 

52.82 
-17 
-96 

22.63 
22.30 
.65 

gr -s 
cpx B 

51 -83 
51 

2.04 
8.91 
14.33 
-25 

Pla&oclases 
core 

Si02 
A1203 
FeO 
MgO 
cao 
Na20 
KW 
total 

rim 
~ 1 %  A 

54.53 - 28.14 
.41 
.ll 

10 55 

core 
plag B. 

56.39 
26.96 
.26 
.08 

9.55 
5-92 

gr mass 
plag D 

54.34 
28.13 
-53 
-09 

10.69 
5.20 

Oxides 
i l m  A i l m  B l l m  C 

Si02 .O2 -31 *31 
Ti02 39-90 35.95 39.04 
A1203 -29 0 5 0  -45 
FeO 56.50 60.06 56.04 
H@ 2.80 2.32 2.88 
MnO .10 .06 .08 
Cr203 .. .06 .08 I .07 
V203 .71 .87 .68 
total 100.39 100.19 99.55 -- 

All analyses were m d e  kith an electron microprobe using a 3 micron 
beam width. All phases are from sample CR-55A; a prismatically 
jointed blozk from neas the middle of the Polallie Canyon section. 



Geochemistry 

The major and trace element compositions of 27 post- 

glacial silicic lavas from Mt. Hood are given in Table 2. 

Although some overlap in major elements does occur among the 

three age groups, a general trend can be seen in which rocks 

from the younger units are slightly richer in Si02 and poorer 

in MgO, CaO, and Fe203. 

In contrast to the major elements, the concentrations of 

K20, Zr, Th, and La bear a more complex relationship to the 

age of the sampled unit. This behavior is illustrated in 

Figure 3, in which the abundances of the four excluded ele- 

ments are plotted versus a schematic scale of decreasing age. 

Because the Polallie canyon exposure offered the oppdrtunity 

to sample a thick continuous section, the samples of Polallie 

age have been plotted in five positions, according to their 

stratigraphic height. In contrast, the stratigraphic position 

of the Timberline and Old Maid Flat samples within their res- 

pective units cannot be determined in the field, and for this 

reason, analyses of these rocks are plotted as if they were 

exactly time-equivalent. Analyses of the Crater Rock plug 

dome and the post-Old Maid Flat-age pumice are plotted as the 
* 

youngest samples. 

Examination of the lower portion of Figure 3 reveals a 

general trend of increasing K20, Zr, Th and La upward through 

the Polallie Canyon section. In a similar way, the Old Maid 

Flat--Crater R~ck--pumice samples show an increase in excluded 

element concentrations with time. This trend is reversed at 
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.71 .72 .71 .70 .70 .77 -78 -77 .80 

17.00 16.99 17.06 16.92 16.89 17.25 17.16 17.11 17.67 

2.40 2.34 2.43 2.29 2.35 2.40 2.45 2.42 2.24: 

5.36 5.34 5.38 5.16 5.13 5.72 5.68 5.59 5.44 

.07 .08 .07 .07 .07 .08 .08 .08 .08 
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4.17 4.24 4.44 4.39 4.42 4.40 4.68 4.19 3.53 
I 

1.49 1.52 1.50 1.53 1.49 1.38 1.32 1.43 1.54 

.15 .15 .14 -13 -15 -17 .18 .17 .18 

, 

Crater Rock 

HD-9 

64.11 

Pmice 

HD-10 

62.88 

.69 

, 16.94 

I .73 ! 
1 

17.71 1 

2.11 I 2.18 / 
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P o l a l l i e  T i m b e r l i n e  O l d  M a i d  
F l a t  

Figure 3. A plot of the concentrations of K 0 (wt. % ) ,  zir- 
conium (ppm) , thorium (ppm) , and £anthanurn (ppm) 
versus a schematic scale of stratigraphic height. 
Samples are from prismatically jointed blocks in 
post-qlacial pyroclastic flows. 



t h e  major time breaks where t h e  i n i t i a l  products  of each erup- 

t i v e  episode a r e  deple ted  i n  t hese  elements r e l a t i v e  t o  l a s t -  

e rup ted  l a v a s  of t h e  preceding episode.  

The t r e n d s  wi th in  t h e  P o l a l l i e  s e c t i o n  and t h e  Old Maid 

F la t -Cra te r  Rock-Pumice lava  group a r e  c o n s i s t e n t  with  small  

degrees  of f r a c t i o n a l  c r y s t a l l i z a t i o n ;  however, t h e  occurrence 

of a geochemical r e v e r s a l  a t  each of t h e  major time breaks 

i n d i c a t e s  t h a t  t h e  P o l a l l i e ,  Timberline and Old Maid F l a t  l avas  

a r e  probably no t  r e l a t e d  t o  one another  through a simple Bowen- 

type f r a c t i o n a t i o n  process .  Because t h e  younger rocks a r e  

n e i t h e r  l e s s  s i l i c e o u s  nor more phenocryst  r i c h  than t h e  o lde r  

ones,  it i s  a l s o  un l ike ly  t h a t  t h e  t h r e e  e rup t ive  grohps a r e  

r e l a t e d  through progress ive ly  deeper tapping of a simply-zoned 

magma chamber. Although a s i n g l e ,  complexly-zoned magma 
C 5 

chamber cannot be ru led  o u t  a s  a source of a l l  of t h e  post-  

g l a c i a l  d a c i t i c  l avas ,  it i s  more l i k e l y  t h a t  each of t he  

t h r e e  major e r u p t i v e  episodes  tapped d i s c r e t e  magma batches.  

The d i s t i n c t  geochemical cha rac t e r  of t h e  l a v a s  of each erup- 

t i v e  episode i s  emphasized by p l o t t i n g  t h e  excluded elements 

versus  s i l i c a .  P l o t s  of potash and thorium va lues  a r e  shown 

i n  Figures  4 and 5. 

I n  order  t o  f u r t h e r  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  among 

t h e  pos t -g l ac i a l  d a c i t i c  rocks,  s e v e r a l  l eas t - squares  mixing 

c a l c u l a t i o n s  were made i n  which t h e  major-element compositions 
X 

of rocks i n  t h e  P o l a l l i e  e rup t ive  group were used a s  end members. 

These c a l c u l a t i o n s  t e s t  t h e  p o s s i b i l i t y  t h a t  one rock compo- 

s i t i o n  could be generated from another  by sub t r ac t ion  of t h e  

observed phenocryst  phases. I t  can be seen from t h e  r e s u l t s  



Figure 4. A plot of the concentration of SiO versus K20. 
Circles are analyses of Polallie blocks, triangles 
are analyses of Timberline blocks, squares are 
analyses of Old Maid Flat blocks. 1 sigma error 
bars are given in the upper left of the figure. 



F i g u r e  5, A p l o t  of t h o r i u m  c o n c e n t r a t i o n  (ppm) v e r s u s  
S i 0 2 .  Symbols a r e  t h e  s a m e  as  t h o s e  i n  F i g u r e  
4. 



presented in Table 3 that the range of rock compositions 

through the Polallie canyon suite could be generated by about 

10 percent fractional crystallization of plagioclase and 

orthopyroxene. When an attempt is made to relate the rocks 

of the Timberline group to those from the upper portion of 

the Polallie section a reasonable fractionation model cannot 

be obtained. 

In summary, the geochemical data from the post-glacial 

silicic lavas indicate that eruptions of discrete magma batches 

took place at 12,000-10,000 yrs, 1,700 yrs, and 200 yrs BP. 

Because the lavas are very similar in mineraloqical and major- 

element chemical composition, it is likely that successive 

magma hatches equilibrated under similar conditions. During 

each eruptive episode the magmas were differentiated to a 

small degree by the removal of phenocryst minerals from the 

melt. 

Conditions of equilibration 

The temperature, pressure, water content, and oxygen 

fugacity of the dacitic magmas can be estimated by comparing 

the mineral compositions of the natural rocks with experimen- 

tal data on crystal-crystal and crystal-liquid equilibria, 

A sample (CR-55A) from a prismatically jointed block near 

the middle of the Polallie Canyon section was selected for 

these calculations and an extensive analysis was made of its 

phenocryst and groundmass phases. 

Pyroxene Geothemometer - 
Distribution of the component Mg2Si206 between calcium- 



TABLE 3 

LEAST SQUARES MIXING MODEL FOR LAVA COMPOSITIONS OF POLALLIE 
BLOCKS 

F X PLAG X OPX L r 

Parent (HD-8 3 ) 
to : 

HD- 4 .041 .021 .020 -081 

LEASE SQUARES MIXING MODEL FOR LAVA COMPOSITIONS OF OLD MAID 
FLAT BLOCK, AND DACITE FROM CRATER ROCK 

F X PLAG X AMPH r 2 

Parent (HD-30) 
to : 

HD- 9 

Least squares mixing calculations are based on major element 
analyses of whole rocks and microprobe analyses of phenocryst 
phases. F is the total percent of the crystals removed from 
the magma. r2 is the sum of the errors between the calculated 
daughter composition and the analyzed composition. Note that 
the Polallie magmas appear to have fractionated plagioclase 
and orthopyroxene whereas the Old Maid Flat magma differen- 
tiated by removal of plagioclase and amphibole. 



rich pyroxene and magnesian orthopyroxene has been shown to 

be temperature dependent. Because they are relatively unaf- 

fected by pressure, the compositions of co-existing pyroxenes 

in the igneous rocks can be used as a geothermometer. From 

experimental equilibria studies, Wood and Banno (1973) showed 

that temperature is related to simple pyroxene compositions 

When the compositions of three pyroxene pairs from sample CR-55A 

(Table 1) are substituted in the above equation, the calculated 

temperatures are: 

0 
Pyroxene cores ............................. 9100 C .............................. Pyroxene rims 9200 C ....................... Groundmass pyroxenes 918 C 

The temperatures fall within a remarkably narrow range and, 

although they may be somewhat low for low-silica dacites, they 

are in general agreement with temperature estimates made for 

dacitic magmas at Mt. Lassen. 

Iron-Titanium Oxide Geothermometer 

The iron-titanium oxide geothermometer utilizes the co- 

existing solid-solution phases ulvospinel-magnetite and ilmenite- 

hematite. When these minerals crystallize under equilibrium 

conditions, their compositions are uniquely determined by both 

temperature and the fugacity of oxygen (f02). Buddington and 

Lindsley (1964) published a series of calibration curves from 

which the temperature and the logarithm of f02 of a system can 



be estimated from the mole fraction of hematite and ulvospinel 

in the co-existing oxide phases. 

When the compositions of these minerals in sample CR-55A 

are compared with the curves in Figure 6, it can be seen that 

the ilmenite solid-solution ratio falls outside the range cali- 

brated by Buddington and Lindsley. Although it is not possible 

to precisely interpolate the curves, an estimate of f02 can be 

made by using the co-existinq magnetite composition and the 

equilibrium temperature obtained from the two pyroxene geother- 

mometers. These values intersect at point A on Figure 6 and a 

corresponding value for log f02 of -10.5 can be determined from 

the ordinate. It should be noted that a reasonable interpola- 

tion of the ilmenite curves at Hm25-Hmjo would pass close to 

point A and thereby further confirm the pyroxene-based tempera- 

ture estimates. 

Plagioclase Geothermometer 

The compositional dependence of plagioclase on both tem- 

perature and water pressure has long been established by petro- 

logists. Kudo and Weill (1970) successfully formulated an 

expression by which this relationship could be used to deter- 

mine the equilibration temperature of plagioclase-liquid pairs 

at several different water pressures. If temperature can be 

estimated by an independent method, then the Kudo-Weill equa- 

tions can be used to estimate the partial pressure of water 

in a magma at the time of plagioclase crystallization. 

The temperatures obtained by the Kudo-Weill method for 

sample CR-55A, listed as a function of water pressure, are: 



Figure 6. Compositions, in mole percent, of co-existing ilmen- 
ite-hematite and magnetite-ulvospinel solid solutions 
as a function of temperature and oxygen fugacity 
(after Buddington and Lindsley, 1964). Point A 
shows the intersection of the magnetite-ulvospinel 
compositional range in sample CR-55A with the tem- 
perature of equilibration of the Polallie magma as 
calculated from the two pyroxene geothermometer. 



PH20 Dry 0.5 kb . 1.0 kb 5.0 kb 

TOC (pheno) 1148 1095 1057 7 6 5 

TOC (gmass) 1178 1129 1091 803 

An estimate of P can be mide from these data by interpolating 
H2° 

the values at a temperature of 9 1 5 ~ ~ .  This procedure yields a 

P H ~ ~  value of 3.0 kb for the phenocrpst temperatures and 3.5 kb 

when the groundmass plagioclase temperatures are used. 
. * *  - 

Because the partial pressure of water in a magma cannot 

normally be greater than the total load pressure, the P H ~ O  esti- 

mates represent the lowest pressures at which the Polallie magma 

could have equilibrated with plagioclase. If the magma was not 

water saturated, then Ptotal would, of course, have to be greater 

than 3-3.5 kb, and the depth of the magma chamber would exceed 

10 kilometers. 

An estimate of the minimum load pressure under which the 

Polallie magma last equilibrated can be made by using equations 

developed by Carmichael and his co-workers (1971) for the acti- 

vity of silica in magmatic systems. Because for many reactions 

the silica activity is dependent on T and f02 as well as Ptotal, 

independent estimates of these variables must be made before 

Carmichael's equations can be used. 

The procedure by which a pressure estimate may be ob- 

tained from mineral composition data is well documented else- 

where and a list of the pertinent equations will not be given 

in this report. For the Polallie lavas, a value for log a 

liquidSiO can be estimated from the reaction 2 



in which FeSi03 is the ferrosilite component of the orthopy- 

roxene. By substituting the compositional data for magnetic 

and orthopyroxene (Table 1) and the independent estimates for 

T and f02 into Carmichael's equations, a value of 6.7 kb is 

obtained as a minimum load pressure for the equilibration of 

the Polallie magma. This pressure corresponds to a depth of 

about 20 kilometers for the location of the magma chamber 

immediately prior to the eruption of the Polallie lavas. 



MAIN STAGE LAVAS 

More than  90 p e r c e n t  of t h e  volume of M t .  Hood volcano i s  

composed of a p r e g l a c i a l  series of f lows,  b r e c c i a s ,  and pyro- 

c l a s t i c  rocks;  t h e  g r e a t  m a j o r i t y  of which a r e  a n d e s i t i c  i n  

composit ion.  Unl ike  t h e  composite cones of t h e  c e n t r a l  Oregon 

Cascade Range, M t .  Hood i s  n o t  b u i l t  on an  e x t e n s i v e  p l a t fo rm 

of P l e i s t o c e n e  b a s a l t i c  f lows,  b u t  r a t h e r  r e s t s  d i r e c t l y  on 

vo lcan ic  rocks  of P l iocene  and Miocene age.  The age of M t .  

Hood volcano i s  n o t  known; however, because l a v a s  having rever -  

sed remnant magnetism have n o t  y e t  been found, an age of 660,000 

y r s  should be cons idered  a s  a maximum d a t e  f o r  t h e  o n s e t  of 

e r u p t i o n .  

I n  o r d e r  t o  b e s t  unders tand t h e  magmatic e v o l u t i o n  of t h e  

Main S tage  l a v a s ,  s u r f a c e  samples w e r e  t aken  f o r  a n a l y s i s  on ly  

where f o u r  o r  more f lows could be sampled i n  unambiguous s t r a t i -  

g r aph ic  o r d e r .  I n  a d d i t i o n ,  t h e  Timberl ine  d r i l l  h o l e  (3S/9E- 

7aac) o f f e r e d  a unique oppor tun i ty  t o  sample e l even  f lows 

through a v e r t i c a l  s e c t i o n  of about  1 , 4 0 0  f e e t .  A d e t a i l e d  l o g  

of t h i s  d r i l l  h o l e  i s  a t t a c h e d  (Appendix I ) .  

Petrography 

A l l  of t h e  observed Main S tage  l a v a s  c o n t a i n  phenocrysts  

of p l a g i o c l a s e ,  orthopyroxene and, i n  lesser abundance, c l i n o -  

pyroxene. Amphibole occurs  i n  about  66 p e r c e n t  of t h e  samples 

and i s  g e n e r a l l y  p a r t i a l l y  o r  complete ly  r ep l aced  by pseudo- 

morphic mats of f i ne -g ra ined  opaque mine ra l s .  I n  c o n t r a s t  t o  

t h e  obse rva t ion  by Wise (1969) t h a t  amphibole-bearing a n d e s i t e  

f lows occur  on ly  i n  t h e  upper p o r t i o n  of t h e  volcano,  t h e  p r e s e n t  



study indicates that there is no relationship between t he  

s t ra t igraphic  height of a f low and its 'amphibole content. 

Microprobe analyses w e r e  not  made of phenocryat phases in the 

Main Stage lavas; however, mineral analyses and petrographic 

descriptions are presented by Wise (1969) and a flow-by-flow 

descr ip t ion of the mineralogy of the c u t t i n g s  from the Timber- 

line drill hole is given in Appendix'I, 

Geochemistry 

The major and trace element composition of samples from 

five sections and the Timberline d r i l l  hole are given in Table 

4 .  The analyses in each set are presented in order of increas- 

ing stratigraphic height .  The drill hole samples probably 

represent a complete flow sequence; however, because of lack 

of continuous exposure, it is u n l i k e l y  that all flows in the 

subaerial sections have been sampled, 

Major Elements 

In contrast to the post-glacial s i l i c i c  lavas, the Main- 
F 

Stage flows show little systematic chemical variation through 

individual measured sections. The behavior of silica in s i x  

sections is given as an Example i n  Figure 7. Although it i s  

clear f r o m  t h i s  figure that  there is no serial variation of 

S i O Z  concentrations upward through the sections, there is a 

general tendency for the f l o w s  at the lowest projected strati- 

graphic elevations ( < 4900 ft .) to be re lat ive ly  enriched in 

silica ( > 6 2 %  S i O Z ) .  

The occurrence of siliceous rocks at the base of the Mt, 

Hood section is inconsistent with a Bowen-type model of 



TABLE 4 

MAJOR AND TRACE ELEMENT ANALYSES OF MAIN STAGE LAVAS 

CaO 

Na 2O 

KaO 

1 
TIMBERLINE DRILL HOLE 

TDH-11 TDH-10 TDH-9 TDH-8 TDH-7 TDH-6 TDH-5 TDH-4 TDH-3 TDH-2 TDH-1 

64.79 62.03 63.71 62.30 60.73 61.90 61.11 62.33 60.77 59.89 59.73 

.66 .78 .74 .73 .85 .81 .74 .80 .82 .76 .85 

16.61 17.85 17.13 17.81 17.67 17.11 17.86 16.91 17.92 17.90 17.751 

2.16 2.19 1.95 2.50 2.79 2.61 2.74 2.58 2.63 4.07 3.41 

i 5.33 5.72 5.18 6.01 6.35 6.07 6.34 5.92 6.07 6.27 6.36 

I .08 .08 .08 .08 -10 .09 .10 .08 .09 .10 .10 

5.76 5.35 5.24 5.96 5.70 5.74 5.60 6.22 5.65 6.27 i :::: 4.06 4.38 4.09 4.20 4.25 4.24 4.19 4.09 4.14 4.15, 

' 1.59 1.38 1.34 1.11 1.18 1.29 .99 1.42 1.22 1.06 1.20 

.13 .16 .15 .13 .18 .16 .15 .17 .17 .15 .18 

2 7 2 7 2 1 17 19 2 0 17 2 0 17 18 - 13 
427 471 58 5 5 13 507 4 71 5 3 2 538 542 544 505 
151 12 7 133 15 7 14 3 13 7 13 5 14 1 13 3 132 123 
3 6 17 2 7 3 2 4 1 42 4 9 42 4 1 43 4 3 

111.2 11.3 11.4 11.9 12.9 12.6 12.9 12.9 12.7 13.4 14.1 1 14.5 14.9 13.3 16.2 18.4 17.6 18.8 17.6 18.0 19.2 19.5 
4.5 3.7 3.8 3.6 3.9 3.7 3.8 4.2 3.7 4.1 3.8 1 1.0 r .7 .7 .6 .6 .8 .4 n.d. n.d. n.d. .6 

i 1.4 1.4 1.1 n.d. 2.6 .9 n.d. n.d. 1.2 1.0 1.4 
I 4.8 n.d. 3.4 2.4 2.4 2.6 2.3 3.3 2.7 2.5 2.6 
430 3 0 9 360 378 249 308 2 5 0 358 335 292 298 
I 
i 
i 20.4 16.1 18.6 13.7 15.4 15.1 15.0 17.0 16.3 15.8 15.9 
1 41.8 - 33.6 36.9 28.4 30.8 32.4 31.9 37.1 34.3 33.4 33.4 
I n.d. . n.d. 2 0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
4.1 3.9 4.1 3.5 4.0 3.9 3.9 4.0' 3.9 3.8 3.9 1 1.0 1.1 1.2 1.0 1.2 1.1 1.1 1.1 1.1 1.2 

i n.d. - - .6 .5 .4 .6 .7 .5 n.d. .5 n.d. 1 1.2 1.4 .8  .8 1.6 1.0 1.3 1.3 1.2 1.3 1.3 
I .3 .2 .2 .2 .3 .2 .2 .2 .2 .2 .2 I 



TABLE 4 CONTINUED 

CaO 

ELIOT BRANCH - COOPER SPUR SECTION YOCUM RIDGE SECTION 

HD-66 HD-67 HD-68 HD-69 HD-74 HD-72 HD-78 HD-79 HD-80 HD-81 

62.71 60.58 60.73 60.67 60.90 60.14 59.89 59.27 59.98 63.30 

.74 .91 .90 .85 -87 .93 .93 .98 .80 .77 

17.70 17.22 17.08 17.68 17.28 17.69 18.10 17.65 18.54 17.12 

1.85 2.77 2.74 2.74 2.67 2.66 2.77 3.19 2.78 1.92 

5.91 6.20 6.10 6.10 6.18 6.14 6.67 6.70 6.61 5.46 

.09 .09 .09 .10 .10 .09 .10 .10 .11 .09 

5.55 6.06 6.02 5.86 5.92 6.34 6.16 6.45 6.02 5.31 

4.16 4.35 4.47 4.25 4.34 4.23 4.29 4.10 4.14 4.27 

1.14 1.55 1.58 1.47 1.50 1.49 .98 1.33 .86 1.61 

.16 .27 .31 .28 .25 .28 , .18 .24 .15 .15 

I-' 
I-' 
0 



TABLE 4 CONTINUED 
t 

1 ZIGZAG CANYON-MISSISSIPPI HEAD SECTION MT. HOOD MEADOWS SECTION 1 

CaO 

I-' +' 
I-' 



TABLE 4 CONTINUED 

S i02 

Ti02 

A1203 
MgO 

Fe 2'3 
MnO 

CaO 

! COE BRANCH-BARRETT SPUR SECTION I LANGILLE CRAGS SECTION 1 
HD-4 3 HD-46 HD47 HD-45 HD-75 HD- 7 6 HD-77 



Figure 7. A graph of weight percent SiOZ in Main Stage Mt. Hood lavas. The surface section 
has been projected with an initial dip of lo0 to a distance from the summit that w 
is equal to that of the Timberline drill hole. 



fractional crystallization; however, numerous other examples 

exist of volcanoes in which the initial eruptions produced the 

most siliceous lavas in a sequence. At Hekla volcano in Ice- 
i 

land, this cycle has been repeated many times and the silica 

content of the initial products of each eruptive episode has 

been shown to be proportional to the length of the quiescent 

period between eruptions (Thorarinsson, 1954). An analysis of 

this kind cannot be made for the Main Stage Mt. Hood lavas be- 

cause the absolute time intervals between eruptions are not 

known. Nonetheless, the eruption of siliceous lavas during 

the earliest stages of volcanism indicates that at least the 

initial magma chamber beneath Mt. Hood was compositionally 

zoned. The recurrence of rocks of dacitic composition at 
-, 

higher intervals in the Main Stage sequence may mark the ini- 

tiation of later eruptive episodes. 

Trace Elements 

In general, the trace element compositions of the Main 

Stage lavas tend to reflect the major element contents in any 

one section of the flows. This tendency can be seen by com- 

paring the trace element trends in Figures 8 and 9 with the 

trends for Si02 and MgO given in Figure 10. As might be ex- 

pected, the excluded elements mimic the silica trend whereas 

the trends of Ni, Co, and Sc are similar to that of magnesia. 

The relatively consistent cobariation of the major and trace 

elements in the drill hole section indicates that these flows 

may be genetically related, perhaps as differentiates of a 

common parental melt. 



F i g u r e  8.  A p l o t  of  t h e  c o n c e n t r a t i o n s  of  s e l e c t e d  excluded 
t r a c e  e l ements  v e r s u s  f l o w  number f o r  t h e  Timber- 
l i n e  d r i l l  h o l e  s e c t i o n .  



Figure  9 .  A p l o t  of t h e  concen t r a t i ons  of s e l e c t e d  included 
t r a c e  elements versus  flow number f o r  t h e  Tirnber- 
l i n e  d r i l l  hole .  



Figure 10. A plot of the concentrations of selected major 
elements versus flow number for the Timberline 
drill hole. 



When the trace element compositions of flows from differ- 

ent sections are compared, chemical differences appear that 

cannot be readily explained by late stage differentiation pro- 

cesses. As shown by Figure 11, some flows are noticeably en- 

riched in K20 and the excluded trace elements compared to other 

Main-Stage lavas with similar major element compositions. With 

the exception of the basal flow (HD-66), the lavas in the Eliot 

Branch-Cooper Spur section have the highest excluded element 

contents whereas the Timberline drill hole samples contain the 

lowest concentrations of these elements. Flows from other sec- 

tions fall within one or the other of these trends or occupy 

intermediate positions. 

The existence of geochemically distinct lava suites in 

asymmetrical distribution around the volcano indicates that 

Mt. Hood was probably built by periodic eruptions of discrete 

magma batches from several different vents. Those flows that 

have intermediate concentrations of excluded trace elements may 

represent separate magma batches or may be mixtures of two or 

more end-member parent compositions. The variability in abun- 

dance in trace elements in lavas with similar Si02 contents 

could be caused by differences in the proportion of partial 

melting that produced each magma batch. Because of the eutec- 

tic nature of partial melting, small differences in the amount 

of melting would not affect the major element composition of 

the liquid; however, a parental magma that is produced by small 

degree of melting would have considerably higher abundances of -- -Ir 

the excluded trace elements than one representing a greater , 

proportion of melt. 



F i g u r e  11. A p l o t  of  s e l e c t e d  excluded e lements  v e r s u s  S i 0 2  
i n  Main S t a g e  l a v a s .  S o l i d  c i rc les  = Timber l ine  

) d.h . ;  open c i r c l e s  = M i s s i s s i p p i  Head-I l luminat ion  
Rock s e c t i o n ;  t r i a n g l e s  = Yocum Ridge s e c t i o n ;  X = 

$a -.-. E l i o t  Branch-Cooper Spur  S e c t i o n .  



- ". " 

SUMMARY AND GEOTHERMAL IMPLICATIONS . 
1 8  : 

The post-glacial silicic lavas were erupted during three 

temporally distinct episodes, each of which tapped a discrete 
1 

batch of magma that wag being differentiated by small amount 

of fractional crystallization. Equilibria calculations indi- 

cate that immediately prior to eruption the dacite magmas were 

at temperatures of 900 to 920° C, had a maximum water satura- 

tion of 30 percent and were at least 20 km beneath Mt. Hood. 

The Main Stage lavas comprise about 9b percent of the 

volume of Mt. Hood and, like the young dacites, represent 

several geochemically distinct magma batches. In contrast to 

the post-glacial magmas, the Main-Stage magmas do not appear 

to have undergone fractional crystallization during the course 

of an eruptive episode. Instead, the existence of silica-rich 

lavas near the base of the Mt. Hood sequence indicates that the 

Main-Stage magma chambers may have been compositionally zoned. 
*- 
It is suggested that processes resulting in zonation of a magma 

may be more likely to occur in large Main-Stage chambers than 

in those representing the more rapidly cooled, small, post- 

glacial magma bodies. 

The geothermal evaluation of an igneous system is based 

on the age, volume and depth of possible magma chambers. Smith 
C I: 

and Shaw (1975) suggest 10 km as a maximum depth for magma 

chambers associated with potential geothermal resources. If 

the late-stage Mt. Hood magmas last equilibrated at depths 

greater than 20 km, as suggested by the equilibrium calcula- 
?.* -, 

tions, then residual magma in the chamber would probably have 



little influence on near-surface geothermal systems. Because 

of the young age of the most recent eruptions, a local  heat 

source could be provided by magma that is still residing at 

shallow depths w i th in  the volcanic conduit. Calculations 

indicate  that a cylindrical conduit which has the diameter of 

Crater Rock plug dome would contain about 0.3 km3 of magma in 

t h e  upper 10 km of i t s  length .  

The geothermal significance of the Main-Stage volcanism 

cannot be precisely evaluated because the age and depth of the 

associated magma chambers is not  known. E s t i m a t e s  of the age 

and volume of the residual magmas indicate that they may still 

be associated w i t h  major geothermal anomalies (Figure 12); 

however, there is no reason to believe that these magmas are 

located at shallow depths. Deep-seated magma bodies could 

have considerable effect on the regional geothermal gradient 

in the Mt. Hood area, although it is unl ike ly  that they would 

significantly a£ fect the thermal regime of the volcanic edi -  

fice. Potent ia l  resources associated w i t h  a high regional 

anomaly would more likely be found along deeply penetrating 

structures. 

In surmnary, the geological and geochemical evidence indi- 

cates that geothermal anomalies may exist at t w o  levels in the 

Mt.  Hood area; a shallow, localized anomaly associated with 

the young volcanic conduit ,  and a deep, regional anomaly asso- 

ciated with residual magmas from the Main-Stage volcanism of 

Mt. Hood* 



LITTLE GEOTIFERMAL POTENTIAL 

POSSISLZ GTOTHZRMAL BOTEIGTIAL 

-2 -1 O i 2 3 4 5 6 

Leg of volume in km 3 

Figure 12. Graph of theoretical  cooling time versus volume 
f o r  magma bodies. Systems having mama chambers 
w i t h  large molten f r ac t ions  would plot below the 
diagonal l i n e s ;  systems that are now approaching 
ambient temperatures would plot above t h e  diagonal 
lines; systems that may now be approaching a com- 
pletely c r y s t a l l i z e d  state would plot between the 
diagonal lines (af ter  Smith and Shaw, 1 9 7 5 ) .  Field 
A shows the age and volume range for a shallow 
volcanic conduit beneath Mt. Hood. F i e l d  B shows 
a range of ages (15,000 yrs - 100,000 yrs ) and 
volumes (assuming that the erupted volume = 10-20% 
of the total magma reservoir) of a hypothetical 

. Main-Stage magma chamber. 



APPENDIX I 

LITHOLOGIC LOG TIMBERLINE LODGE DRILL HOLE, 1978 

Lithologic S ~ m b o l s  

3rec:Fated lava flax. 

Lacitic block acd ash f l o w  

bayi'lli 

Crjas=nl tuff 



Plag Px Am Dacite.  Large Am phenocrysts 
occur i n  chips from f i r s t  10 f e e t  of ho le ,  
whereas the  remaining 30 f e e t  is composed of 
d a c i t e  wi th  small  An phenocrysts and a higher  
proport ion of Cpx. 

Heterogeneous mixture of d a c i t e  and andes i t e ,  
Large fragments i n  re turn .  

FLOW #I. Light gray a n d e s i t e  with l a r g e  
P1 phenocrysts ,  abundant small c r y s t a l s  of 
honey t o  medium brown Opx, and l e s s  abundant 
phenocrysts of green-bro\m Cpx, Matrix is 
sugary i n  t e x t u r e  and has a s a l t  and pepper 
appearance, 

T. S.* PLag = Opx>>Opaq7Cpx)Am 
Amphibole is present  as small r e l i c t  g ra ins  
composed of f i n e l y  granular  opaque minerals. 

* Rela t ive  modal proport ions of phenocryst and 
microphenocryst minerals were determined by 
observation of t h i n  sec t ions  of d r i l l  hole  
c u t t i n g s )  desc r ip t ion  fol lowing flow # is from 
t h e  f i e l d  log and was made with t h e  aid of  a 
binocular  microscope. 



FLOW 2. Brown a n d e s i t e  wi th  l a r g e  phenocrysts  
of  brovm Opx and l e s s  abundant Cpx. The mat r ix  
has been a l t e r e d  t o  a l i g h t  brown c o l o r  by 
oxida t ion .  

T. S. Plag>Opx>Cpx>?OpaqrAm 
Amphibole present as small r e l i c t  grains similar 
t o  those i n  flow #I. 

FLOW 3. Medium brown a n d e s i t e  wi th  phenocrys ts  
o f  P I ,  medium brovn Opx and green Cpx. IbIatrix i s  
f ine-gra ined  and gray-brown i n  color .  A l a r g e  
p ropor t ion  of  t h e  flow is v e s i c u l a r  and h a s  been 
oxid ized  t o  a hemat i te - red  co lo r ,  Euch of  t h e  
flow has  probably been autobrecciated. .  

T.  S, Plag )> Opx = Cpx > Opaq 
Plagioclase contains incluf ions  of brown g l a s s .  
No amphibole was observed, 

Heterogeneous mixture of  h i g h l y  oxid ized  a n d e s i t e  
and b l ack  g l a s s y  andes i t e .  



FMW 4. Dense, l i g h t  gray a n d e s i t e  with l a r g e  
P1 phenocrysts  and smal ler  phenocrysts of brown 
pyroxene. Two pyroxene types a r e  no t  descernible.  
Matrix is gray wi th  some i r r e g u l a r  patches of 
pink oxidat ion a l t e r a t i o n .  

T , S . Plag  ) Opx ))Cpx >> Am? 
Amphibole i s  present  only as i n d i s t i n c t  r e l i c t s .  

Oxidixed heterogeneous mixturc of  andes i tes .  

FLOW 5. Vesicular ,  medium gray-pink a n d e s i t e  
with phenocrysts of PI, brown Opx and green Cpx. 

T. S. P lag>Opx)>  Opaq = Cpx 

Highly oxidized,  bb-sized, black g lassy  l a p i l l i .  



F M W  6. Dense l i g h t  gray a n d e s i t e  with l a r g e  
phenocrysts of FT, euhedral medium brown phenocrysts 
of Opx, and s n a l l  honey-colored microphenocrysts 
of  Opx, I l a t r ix  is very l i g h t  gray. 

T. S. P1ag)Opx)Am) Cpx -0paq 
Amphibole occurs as l a r g e  phenocryst g ra ins  
t h a t  have been completely converted t o  granular  
o p q u e s  + px? + plag? 

Heterogeneo~s  mixture of gray a n d e s i t e ,  brown 
a n d e s i t e  and h ig3ly  oxidized g lassy  frapgpnts ,  



FLCW 7. Dark gray a n d e s i t e  w i t h  l a r g e  P1 
phenocrysts  and s n a l l ,  dark brobm pyroxene 
pbenocrysts.  Mat r ix  is dark  i n  c o l o r  and 
probably con ta ins  a l a r g e  u ropor t ion  of 
glass. 

T. s . Plag ) Opx > > Cpx = O ~ a q  

Heterogeneous mixture of a t  l e a s t  t h r e e  types  
of a n d e s i t e ,  t h e  most abundant; of irhich has 
a d i s t i n c t i v e  limonite-ye1lo1.1 co lored  groundmass. 



F L O W  8, Slack, g lassy  a n d e s i t e  with l a r g e  
P1 phenocrysts ,  r a r e ,  l a r g e ,  dark brown 
Opx c r y s t a l s ,  and a d i s t i n c t i v e  dark gray 
spo t t ed  matrix. 

T. S, P1ag)Opx)Cpx )Opaq 
Orthopyroxene grains are rimmed with Cpx. 

Crys ta l  t u f f  w i t h  P1 c r y s t a l s  i n  a c a t r i x  of 
l i g h t  gra.y t o  yellow ash and l a p i l l i .  F'yrite 
is a very abundant a l t e r a t i o n  x i n e r a l  i n  t h i s  
rock. 

I ; Z O W  9. Xedium gray a n d e s i t e  x i t h  l a r g e  
phenocrysts of P1 and small  c r y s t a l s  of red- 
brown pyroxene. Much of  t h i s  flow is breccia ted  
and oxidized. P y r i t e  is present  a s  a a  a l t e r -  
a t i o n  mineral bu t  is l e s s  abunzant then i n  t h e  
c r y s t a l  t u f f  j u s t  above, 

Fi S.  P1ag)Opx = BLra 
Amphibole occurs as large grains of oxyhornblende 
that i s  rimmed with granular opaque minerals. 
This is the first occurrence of amphibole i n  
the drill hole section that i s  not t o ta l l y  
altered.  



Continued b r e c c i a t e d  flow 9. 

( conve r t  t o  mud c i r c u l a t i o n  a t  I l l t ~ ' ,  
Return i s  very  mixed wi th  a  l a r g e  propor t ion  
of  ox id ized  lapilli and p y r i t i c  c r y s t a l  t u f f  
s i m i l a r  t o  u n i t s  desc r ibed  above. It is l i Q l y  
t h a t  down-hole contaminat ion from the more 
e a s i l y  eroded u n i t s  has  masked t h e  l i t h o l o g y  
i n  t h i s  i n t e r v a l .  A l l  r e t u r n  below t h i s  p o i n t  
probably conLkins a s i g n i f i c a n t  p ropor t ion  
o f  contaminat ion from above)  

FLOW 10, I-:edium gray a n d e s i t e  wi th  l a r g e  
g lassy- looking  phenocrysts  o f  P1 and small 
honey-colored c r y s t a l s  o f  Opx, Matmix is  
sugary  w i t h  a  s a l t  and pepper appearance. 

No t h i n  s e c t i o n  



Continued f l o w  10, 

FLOW 11, Light gray andes i te  with small 
phenocrysts of P1 and Opx i n  a holocrysta l l ine  
l i g h t  gray matrix, Return contains abundant 
oxidized rock s t a r t i n g  a t  1360' which ipd ica tes  
t h a t  the  base of the  flow may be jus t  below the  
botton of the d r i l l  hole. 

No t h i n  sect ion 

Bottom of hole a t  1380'. 



APPENDIX I1 

Radiometric D a t i n g  

Three samples of cutt ings  from the O l d  Maid Plat drill hole 

4 2s /8~-15cd) w e r e  dated by the potassium/argon method. Samples 

Om-2953 and Om-3530 are from basalt ic  ynits that have been 

identified by optical and geochemical methods as members of 

the Columbia River Group (Beeson and Moran, 1 9 7 8 ) .  OMF-3970 

is from an andesite flow below the Columbia River Basalt ,  A l l  

three dates (Table 5 )  are anomalously young; the dated units 
h 

most l i k e l y  suffered loss of radiogenic argon as a result of 

one or more post-Miocene thermal events. 

Two potassium/argon dates also were obtained f r o m  whole 

rock samples from pre-Mt, Hood u n i t s ,  HD-64 is a sample of 

hornblende dac i te  f r o m  the northwest peak of M i l l  Creek Buttes 

(IS/lOE-27d d ) ,  Wise (1969) identified two domes and several 

associated flows at M i l l  Creek Buttes and, because of their 

constructional form, believed them to be of Pleistocene age. 

The K/Ar dates obtained for  the present study indicate that 

these rocks are considerably older than W i s e "  estimate and 

were probably erupted toward the end of the episode of volcan- 

ism that produced the lower Pliocene Rhododendron and Dalles 

formations. 

Sample HD-62 is from a lava flow that  i s  exposed in a road 

cut just  north of Still Creek (3S/8E-29dIm The flow is intruded 

by the Still Creek granodierite. Because the sample w a s  taken 

within 100 yards of the contact, it i s  likely that the date 

may reflect the age of the thermal event associated with the 



TABLE 5 

RADIOMETRIC DATES 

Sample No. 3 R A r  ( c c / g )  % A r  A ( m . y , )  

HD- 6 4 0.7170 2.0786 X lo-' 13.57 7.5+0 :4 



Still Creek - Laurel Hill plutonism. The 9.27 m.y. date does 

in fact fall within the age range cited by other authors for 

the Laurel Hill pluton (Bickerman,1971). 

It should be noted that the major element composition of 

the flow from which sample HD-62 (Table 6) was taken is unlike 

that of any previously reported lower Pliocene lava. The high 

ratio of total Fe/Mg and the high TiOa content are suggestive 

of Columbia River Basalt composition; however, the altered 

nature of the sample precluded a confident geochemical corre- 

lation. 



TABLE 6 

MAJOR ELEMENT COMPOSITION 

Fe203 

CaO 
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