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Introduction

The presence of a body o f g ra n itic  rock near S ilv er  Star Mountain 

in  the Cascade Range o f south-western Washington has been known to  

prospectors and mining men of the region fo r  more than f i f t y  years, 

but no m aterial on the geology of the immediate region has been pub­

lis h e d . A llen  ( l )  in  an unpublished th e s is  described the g ra n itic  

rock as a quartz d io r ite  and c a lled  the mass ’’S ilv er  Star Formation” 

a fter  the h ighest peak in  the area . Any other work th at may have 

been done in  connection w ith  mining operations w ith in  the area i s  not 

p u b lic ly  a v a ila b le .

The aims of the study summarized in  the fo llow ing paper were, in  

the main, tw ofold: ( l )  to  map, both a r ea lly  and s tr u c tu r a lly , the in ­

tru siv e  and as much o f the surrounding rocks as necessary to  deter­

mine the time and mechanics o f in tru sion , and (2) to determine the pe- 

trographic character and the p etro lo g ic  h istory  o f the in tru siv e  body 

and i t s  surrounding rooks.

The work was made p o ss ib le  by a grant from the McMillan Research 

Fund of the Ohio Academy of Science and was grea tly  furthered by the 

able work of the w r ite r 's  f i e ld  a s s is ta n t , Mr. R.H.Howe. The coop­

eration  and a ssista n ce  given by the U .S. Forest Service men of the  

Columbia National Forest i s  a lso  grea tly  appreciated.

The w r ite r 's  party was v is ite d  in  the f ie ld  by Dr. John L. Rich. 

Suggestions made by him a t th at tim e and constructive c r it ic ism  of 

the manuscript la te r  have been of utmost va lu e . C riticism s offered  

by Drs. Nevin M. Fenneman and Walter H. Bucher and the a ss is ta n ce
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g iv s n  I ts the  p e t r o l o g ic  work by F r o f e s s c r  O.C* Von S ch li^ b en  and 

D rs .  George B, Barbour and A.3 .  Sandberg i s  - g r e a t ly  a p p r e c i a t e d ,

G eneral F e a t u r e s ,

L o c a t io n ,  The &rs& examined l i e s  i n  th e  w e s te rn  p o r t i o n  o f  

th e  Middle Cascades abou t tw elve m iles  n o r th  o f  th e  w e s te rn  end 

o f  th e  Columbia R iv e r  

Gorge, I t  c o n s i s t s  

o f  a r e c t a n g le  e ig h t  

m ile s  n o r th  -  so u th  

by f i v e  m ilea  e a s t  -  w est 

whose so u th  -  w es t  co r-

COWLITZ

OREGON CLARK

KEY MAP

n®r i s  t h a t  o f  Township F ig u re  1 , L o c a t io n  o f  a r e a ,

3 N orth , Range 5 E a s t ,  W illam e tte  M erid ian ,  The a r e a  thus  d e s c r ib e d  

com prises f o r t y  square  m i le s ,  th e  n o r th e r n  th r e e  q u a r t e r s  o f  which 

a r e  w i th i n  th e  th e  Columbia N a tio n a l  F o re s t  B oundaries ,

The re g io n  may be reach ed  from Portia ,nd  by U«S* F o r e s t  S e rv ic e  

roads  co n n e c t in g  w i th  th e  s t a t e  higdr.v&y system o °  W ashington a t  e i t h e r  

Hemlock or Y a c o l t ,

D ra inage , The a re a  is  d ra in e d  by th e  headw aters  o f  b o th  th e  

Washoug&l R iv e r  and th e  South Fork o f  th e  Lewis R iv e r ,  The rfaahougal 

i s  a sou th  flow ing  s tream  e n te r in g  th e  ’-trlurchi& near Gamas, The Low is  

flew ; to  t h e  w e s t ,  is  jo in e d  by th e  North P ork , and e n t e r s  th e  Colum­

b ia  nea r  Woodland* About th i r ty - !*  1»& m i l s 5? .ionnotro&K from the mouth 

of the VGifhoug&l, The heudwtttsrs o f  th e s e  two s tream s hare  d i r e c ­

te d  th e  a r e a  in  a d e n d r i t i c  manner to  a m ature  s ta g e  w i th  a r e l i e f  

o f  from 2500 to 3000 f n e t .
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A d iv id e , along which are located  the h ighest peaks o f the immediate 

area, separates the opposing headwaters o f  the Lewis and the Washou- 

g a l.  This d iv ide trends from the north -east corner o f th e area in  a 

d irectio n  a l i t t l e  w est o f south to  the summit o f B lu ff Mountain in  

sec tio n  16 where i t  turns a t  r ig h t angles and trends ea st-w est to  the  

summit o f  S ilv e r  Star Mountain where i t  leaves the area .

The g rea test p r e c ip ita tio n  occurs in  th s w inter months and i s ,  in  

the higher portion s o f the area , freq u en tly  in  the form of snow which 

forms enormous d r if t s  in  the deeper canyons. These d r if t s  lin g er  t i l l  

p ast mid-summer in  most years and are la rg e ly  resp on sib le  fo r  the  

perennial character o f many of the sm aller streams near the heads of 

th e oanyons which would otherwise be w ithout water in  the la te  summer. 

Since the d estru ction  of the fo r e st  cover in  th e  great f ir e s  o f 

1902 and 1929, the runoff has been much more rapid than form erly. The 

e f f e c t s  o f th is  increased runoff are shown to  best advantage on steep  

so il-co v ered  slop es by the development o f young g u l l ie s  and in  some 

cases by complete removal o f  the th in  s o i l  m antle. Another n oticeab le  

e f f e c t  i s  the increased se v e r ity  of the spring fr e sh e ts  th a t accompany 

the warm spring r a in s . Q uantitative data on th is  increased  runoff can 

not be obtained as no f ig u res  fo r  the p r e c ip ita tio n  or runoff in  the  

immediate area are a v a ila b le .

Topography. As was sta ted  under the heading o f  drainage, the re­

gion i s  a m aturely d issec ted  p lateau , la r g e ly  o f la v a s , w ith  a r e l i e f  

averaging c lo se  to  2000 f e e t  and lo c a lly  reaching a maximum of 3000 

f e e t .  The main d iv ide between the Lewis and Washougal drainage basins  

a tta in s  e lev a tio n s  as great as 4400 f e e t  A.T. and has sad d les, where
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A. L i t t l e  Baldy from S ilv e r  Star Mountain

B. S i lv e r  Star from L i t t l e  Baldy
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strong opposing tr ib u ta r ie s  have been a c t iv e , as low as 2900 f e e t  A.T. 

The general e lev a tio n  i s ,  however, near 3200 f e e t  A,T. From th is  main 

divide branch long, steep  spurs separating th e canyons and the sm aller 

g u ll ie s  occupied by the ind iv idual headwaters. These spurs are very  

s teep , sloping from the e lev a tio n  of the main d iv ide down to  the le v e l  

where the two streams jo in *  the slopes o f the spur crest3  o ften  are as 

great as 2000 f e e t  per m ile . Their s id es  are more p rec ip ito u s, in  

some cases being v e r t ic a l  c l i f f s  from a few tens o f f e e t  up to  1200 

f e e t  in  h eigh t, but more commonly being l iv e  ta lu s  slopes res tin g  a t  

the angle o f repose. These ta lu s  s lo p es , b est developed on the grano­

d io r ite ,  cover a large portion  o f i t  and are in  a few instances more 

than a mile in  len gth .

Travel over th ese  steep -sid ed  r id g es, d i f f i c u l t  under the b est 

of cond ition s, has been made much more d i f f i c u l t  by the f a l le n  trunks 

of f ir e - k i l le d  tr e e s , among which th ick  underbrush and tangled thorny 

vines have grown in  great profusion .

At the heads of some o f the larger canyons are sm all c irq u e-lik e  

basins in  whose bottoms are depressions as much as sev en ty -fiv e  fe e t  

deep and 150 yards in  diam eter. These are separated from the head of 

the canyon proper by a rock rim or l ip .  Often they are occupied by 

small tarn s, and snowdrifts p e r s is t  in  a few u n t i l  la te  summer, No 

g la c ia l  s tr ia e  were found on the rock l ip s  and consequently theso  

basins are believed  to  be the r e su lt  o f erosion  by sm all g la c ie r s , not 

extensive enough to  mov*̂  very far out o f th e ir  c irq u es.

The summits of the ridges when viewed from one of the higher 

peaks exh ib it the samo s tr ik in g ly  accordant le v e l  th a t i s  evident in
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th® Cascades fu rther north* This accordance has been treated  by 

W illis  (19 ), R u ssell (1 4 ), and Smith (16) as representing the trace  

of an old erosion  surface c a lled  by them the Cascade peneplain* 

Regardless o f whether i t  represents a tru e b a se lev e lin g  or n o t, th is  

accordance o f summit le v e ls  i s  one of th e  s tr ik in g  featu res o f the  

topography of the region*

Areal Geology

Eagle Creek Formation* The rocks o f th is  area f a l l  n a tu ra lly  into  

three d is t in c t  l i th o lo g ic  u n its . The o ld e s t  o f th ese  i s  the Eagle 

Creek form ation (Warrendale formation o f  Hodge (12) and others) o f  

probable Oligocene (now considered lower Miocene by Chaney age con­

s is t in g  o f volcan ic  tu f f s  and b recc ia s , bajada conglom erates, and minor 

amounts of in terca la ted  a n d esitic  lava flow s near th e top of the forma­

t io n . The Eagle Creek i s  ty p ic a l ly  exposed in  the cen tra l portions o f  

the Columbia Gorge where i t  has been described by Chaney (7) and 

Hodge (1 2 ) , and i s  a lso  w idely  exposed in i t s  numerous varia tion s in  

the greater part o f  the Washougal basin* This formation outcrops a -  

long th e eastern  margin of the area under con sid eration , e sp e c ia lly  

good exposures being noted in  parts o f sec tio n s  21, 22, and 28 near 

the headwaters o f Dougan Creek. Exposures o f the Eagle Creek formation  

a lso  occur in  the canyons o f S ilv e r , B luebird, and Bear creeks along  

the eastern  margin of the area , but in  th ese  basins th ey  were not d if ­

feren tia ted  on the map from the overlying Skamania a n d es ite s .

The Eagle Creek, as exposed w ith in  th e mapped area , c o n sists  

mainly o f cream colored v itr io  tu f f s  which u su a lly  weather to  a yellow
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A, Horizontal flows o f  upper Skamania S er ies  
S ilv e r  Star Mountain

B. S i l i c i f i e d  Eagle Greek tu f f s  south of  
B lu ff  Mountain near head of S ilv er  Creek
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or w hite colored so il*  Varicolored t u f f s ,  u su a lly  green or red , are 

a lso  found as are some greenish and purplish  b recc ia s . The tu f f s  may 

pass through the complete range o f co lor w ith in  a d istance o f twenty- 

f iv e  f e e t  along the strike*  The lack o f  assortment and usual lack  o f  

bedding o f any regular nature w ith in  th ese  t u f f s  suggest a subaerial 

mode o f  accum ulation. At many p la ces , however, the tu f fs  and breccias  

have been reworked by streams and the bedding shows, in  th ese  cases , 

th a t accumulation was governed by f lu v ia t i l e  and o cca sion a lly  lacu str in e  

con d ition s.

Skamania A nd esites. The Eagle Creek beds are overla in  by a th ick  

s e r ie s  o f an d esites among which are in terca la ted  minor amounts o f brec­

c ia  and other p y r c c la stic  m ateria l. W ithin the area the contact i s  no­

where d e f in ite ly  exposed although in  many p laces i t  can be approximated 

w ith in  f iv e  f e e t .  East o f the mapped area , in  th e  Washougal b asin , th e  

and esites o v er lie  the Eagle Creek ‘.n p laces discomformably and in  other 

places w ith a d is t in c t  angular unconformity representing a period of 

considerable ero sio n . At other p la c e s , notably on the ea st  edge of 

the mapped area the and esites seem to in ter fin g er  w ith  the tu f f s  sug­

gestin g  a t le a s t  p a r tia l contemporaniety or overlapping of the deposi­

t io n  o f the t u f f s  and th e extrusion  o f  the a n d esite s .

These an d esites compose the bulk o f the country rock in to  which 

the granodiorite stock forming the subject o f th is  paper was intruded 

and are the most wide spread of the formations w ith in  the mapped area. 

They are in  the form of rather th in  and extensive flow s that probably
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were extruded in  a very f lu id  form. L ocally  th ese  flow s may have had 

rather high i n i t i a l  d ip s, a fa c t  that com plicates q u an tita tive  determin­

a tion  of la te r  fo ld in g . In the lower tw o-th irds of the s e r ie s  the flow s  

are only m ild ly  fo ld ed  except near the w a lls  o f the in tru sive  where dips 

up to th ir ty - f iv e  degrees have been noted. The upper th ird  or about 

800 fe e t  o f these flo w s, exposed only on the upper portion o f S ilver  

Star Mountain, i s  f l a t  ly in g , the maximum dips recorded being two de­

grees to  th e w est. This upper portion has a lso  suffered  le s s  a ltera tio n  

than the lower p a r t ia l ly  p ro p y litized  a n d es ite s . Both the upper and 

lower portions c o n s is t  o f augite and esites w ith  a marked tendency of 

the p la g io c la se  phenoorysts toward a glomeroporphyritic h ab it.

These lavas support most o f the steep  c l i f f s  w ith in  the area , a l ­

so most o f the higher peaks such as B luff and S ilv er  Star Mountains 

as w e ll as most o f  the higher portions o f the d iv id e s . They are the 

most conspicuous and b est exposed rocks in  the area and over wide areas 

in  adjacent portions o f Skamania County. For th is  reason the name Ska­

mania i s  proposed for th is  s e r ie s  o f a n d es ite s .

No d e f in ite  age has been assigned to  th is  ser ie s  o f lavas but 

in the opinion o f the w riter  they are the probable equivalent o f the 

widespread Keechelus s e r ie s  so prevalent in  the Cascades a few tens 

of m iles to  the north. This opinion i s  based on the fo llow ing fa c tss  

( l )  the petrographic character o f the and esites in  the mapped area 

and th at o f the Keechelus as described by Coombs (9) and others is  

very s im ila r , (2) the Columbia River B asalts exposed in  the Columbia 

River Gorge appear to  abut against the lower portions o f the Skamania
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an d esites  whose age th erefore  in the lower part must be pre-Columbia 

B a sa lt ,o r , in  other words, pre-middle Miocene, which corresponds w ith  

the supposed age o f the lower Keechelus la v a s , i s  suggested by Warren 

(l8)and^(3) the Skamania a n d esites  are divided in  the same manner as 

th e Keeohelus in to  an upper and a lower d iv is io n . As in  the Keeche- 

lu s ,  the lower d iv is io n  o f the Skamania has undergone more fo ld in g  

and metamorphism than the upper d iv is io n .

Lavas la te r  than the an d esites o f the Skamania s e r ie s  occur as 

intracanyon flow s in  the canyon o f the Lewis River four m iles w est o f  

the area and in  the canyon o f the Wind River a few m iles to  the E ast. 

Those in  the Lewis River canyon near Sunset Guard Station  have been 

trenched by the r iver  in  a narrow gorge exposing old a n d es itic  and 

d io r it ic  stream gravels cemented together by the and esite  o f the la te  

flo w . The age of th ese  intracanyon flow s i s  probably P le is to c en e .

S ilv er  Star G ranodiorite. The th ird  l i th o lo g ic  u n it w ith in  the  

area is  a stock  o f granodiorite w ith  subordinate amounts o f  augite  

d io r ite  and quartz d io r ite  near the borders of the mass. The stock  

i s  an elongate body about ten  m iles long and varying in  w idth from 

one and one-half to  two and one-h alf m ile s . I t s  long ax is  trends 

north twenty degrees e a s t .  I t s  w a lls  are very steep  as proven by 

the fa c t  th at very deep canyons cutting  in to  the country rock a short 

distance from the w all3 (note accompanying maps and sec tio n s) do not 

expose any mappablo areas o f in tru sive  rock. Small spots o f granodi­

o r ite  were observed in  Star Canyon and in  the canyon o f Dougan Creek
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but were not mapped. The southern boundary o f the stock , extending  

to  the south fo r  a d istance o f about a m ile , was traced but not in

enough d e ta il  to  be drawn on a map.

This stock  cuts the Eagle Creek formation and the lower portion

of the Skamania a n d es ite s , producing contact metamorphic phases in

both form ations, and sending sm all dikes and str in g ers  o f  granodiorite  

and a p li t e  in to  both the tu f f s  and the a n d ss ite s . The upper th ird  o f  

the a n d esites  does not seem to  have been intruded by th is  gran od iorite . 

At le a s t  no dikes or other evidences o f in tru sion  cut th e  upper ande­

s i t e s  and th ey  have not been subjected to  the degree of p r o p y lit iz a tio n  

that characterizes th e lower portions o f th e s e r ie s .  I t  would thus ap­

pear th a t there has been some time in terv a l between the extrusion  of  

the lower and upper d iv is io n s  o f the Skamania ser ies*

Swarms of o f x en o lith s  near the contacts w ith  the a n d esite , and 

larger  in c lu sion s o f tu f f s  and an d esites in  the upper portions o f the  

in tru siv e  rock in d icate  th at stoping processes had a ro le  in  the em­

placement o f th e mass. Some o f th ese in c lu sion s are large enough to  

have been roof pendants o f  considerable s ize*  These in c lu sio n s are 

q u ite  thoroughly metamorphosed, u su a lly  to  h o rn fe ls .

The granodiorite i s  stron g ly  jo in ted , a fa c t  th at allow s fr o s t  

a ctio n  on the high peaks, such as L it t le  Baldy, to  r iv e  th e outcrops 

in to  rhombic and p la tey  fragments w ith  the consequent production of 

the long ta lu s  slop es prev iously  mentioned. Good outcrops occur only  

in  the stream bottoms and occasional c l i f f s  not y e t  covered by ta lu s .  

The boundaries o f the stock , where drawn in  dotted l in e s ,  can be ap­
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proximated w ith in  a very few f e e t  but the actual contact i s  covered. 

This lack o f su itab le  outcrops i s  a lso  responsib le fo r  the paucity of 

stru ctu ra l measurements.

Petrography

The petrographic character o f each of the three main rock types 

and the metamorphio phases developed in  each type by contact and hy­

drothermal metamorphism w i l l  be d iscussed  on the fo llow ing pages*

Eagle Creek Formation* The Eagle Creek form ation, as exposed in  

the area, co n sists  o f  v i t r io  tu ffs  u su a lly  white or cream colored , 

and, le s s  commonly, o f greenish  and reddish hues. The co lo r , in  most 

ca ses , seems to  depend upon the character o f  the oxidation  of the iron  

compounds w ith in  the g la ss  a t the time o f form ation. The m aterial com­

posing these tu f f s  ranges from p a r t ia lly  kaolin ized  shards le s s  than 

0.05mm in  diameter to coarse fragments o f vesicu la ted  pumiceous mate­

r ia l  up to  three inches in  diam eter. This pumiceous m aterial has been 

indurated and made r e s is ta n t  by compaction and cem entation. The cement 

in  the m ajority of the cases i s  s i l i c a ,  although enough kaolin  i s  pre­

sen t in  most cases to a lso  a c t as a cement.

In p laces Y/here the tu ffs  have been subjected to  hydrothermal 

so lu tion s emanating from the in tru sive  body they have been e n tir e ly  

replaced by s i l i c a  forming a very r e s is ta n t  quartz rook in  whioh are 

preserved the shard structures o f the o r ig in a l t u f f .  Good outcrops 

of th is  s i l i c a  rook occur in  the lev/ saddle in  sec tio n  21 ju s t  south 

of B lu ff Mountain.

Skamania Andesit1c S e r ie s . The rocks composing th is  s e r ie s  con-
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s i s t  in  the main of gray porphyritic an d esites w ith  subordinate amounts 

of tu ffs  and b r e cc ia s . The pyroq lastics are petrographica lly  very  

sim ilar to  the coarser phases o f the Eagle Creek, p o ss ib ly  a l i t t l e  

more pumioeous.

The an d esites o f the lower portion o f  the s e r ie s  are characteris­

t i c a l ly  gray or grayish-green in  co lor, and are nearly always porphy­

r i t i c ,  the phenocrysts being str ia ted  grayish  white fe ld sp a r . The flows 

in  th is  portion  are u su a lly  much jo in ted  w ith  epidote and other mine­

ra ls  frequently  developed along the jo in t  cracks.

Examination of th ir ty  f iv e  s l id e s  from the lower portion  o f the 

andesite s e r ie s  brings out the follow ing general c h a r a c te r is t ic s . A ll 

section s examined were porphyritie w ith phenocrysts o f corroded and 

markedly zoned p la g io c la se  embedded in  a p i l i t i c  to  in te r se r ta l and, 

in frequ en tly , d iab asic groundmass o f p la g io c la se  la th s , granular au- 

g it e ,  and anhedral m agnetite, together w ith  varying amounts o f chlo­

r i t e  and sim ilar minerals developed from the ferromagnesian co n stitu en ts . 

The phenocrysts range in  s i ze from 1 to 6 mm and average about 3 mm in  

diam eter. They are bloeky and show a marked tendenoy toward a glome- 

roporphyritic h a b it. Their composition becoming more acid  outward 

from the center w ith  each zone. Small v e in le ts  of orthoclase are de­

veloped in  cracks appearing in  these phenocrysts, e sp e c ia lly  in  th in  

section s taken from near the contact w ith the gran od iorite . Twinning 

i s  a fter  the a lb it^  Carlsbad, and p er ic lin e  laws w ith  a l l  three com­

monly developed on one in d iv id u a l. These phenocrysts form from 20 to  

35 per cent o f the rock.
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Contact -  andesite  
and granodiorite .  
auarter Sec. 16.

Porphyritic andesite  
from upper Skamania 
s e r ie s ,  near summit 
o f  S ilv er  Star Mtn.

A ll photomicrographs 15x 
crossed n ic o ls

Basic border phase 
of S ilver  Star 
granodiorite  from 
Section  16

Acid phase o f  
S ilv er  Star granodiorite  
from near center of  
Seotion 33.
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The p la g io c la se  la th s in  the groundmass vary in  s iz e  from 0,01  

up to  0 .5  mm in  len g th , averaging about 0 .3  ram. They vary in  compo­

s i t io n  from b asic  to  medium andesine and may be acid  labradorite in  

uncommon c a se s . Twinning i s  commonly a fte r  a lb ite  and Carlsbad laws, 

p er ic lin e  twinning being ra re . Often th ese  la th s  are arranged in  a 

marked flu x io n  stru ctu re . These second generation fe ldspars comprise 

from tw en ty-five  to fo r ty  per cent o f the rook.

The ferromagnesian minerals are nearly  always a ltered  to c h lo r ite  

and sim ilar  m inerals, but where fresh  are anhedral grains f i l l i n g  the 

in te r s t ic e s  between the fe ldspar la th s . These minerals may be e ith er  

augite or hornblende -  u su a lly  augite  and in  rare cases hypersthene. 

There may have been a considerable amount o f  hypersthene in  some of 

the rooks but i s  has sin ce  become c h lo r it iz e d . A very few th in  sec­

tio n s  show r e l i c t s  o f what were p o ss ib ly  hornblende phenocrysts.

The augite  o f  th e groundmass occurs as anhedral grains ra re ly  ex­

ceeding 0.0F  mm in  diam eter, is  pale yellow  in  plane l ig h t ,  and some­

tim es shows a fa in t  pleochroisra. Mb averages about 1 .6 9 . The augite  

in  th e groundmass u su a lly  makes up from 15 to  25 per cent o f  the rook. 

Magnetite in  the form o f small anhedral grains and dust i s  scattered  

through the groundmass and makes up about 10 per cent o f the rock. 

Epidote developed w ith in  the p la g io c la se  phenocrysts and c h lo r ite  from 

the pyriboles sometimes to t a l ly  destroys the former m inerals. Photo­

micrographs o f  ty p ica l th in  sec tio n s  o f th is  lower d iv is io n  of th e Ska­

mania ser ie s  are shown on the accompanying p la te s .

The upper d iv is io n  i s  characterized  by fresh er roclcs o f the same

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



13

general type as those described for  the lower d iv is io n . These rocks 

are, however, gen era lly  more ve3iou lar and in  some cases have p a r t ia l ly  

hyaline groundmasses, The rooks are in  th in , f la t - ly in g  flow s exposed 

only on the upper portion o f the main mass of S ilv er  Star Mountain,

A few quartz and carbonate veins cut th ese flo w s, some of the v e s ic le s  

are f i l l e d  w ith  chalcedony, and some o f the ferromagne3ian minerals 

in  the groundmass are c h lo r it iz e d . Otherwise the rocks are nearly  

fresh  as contrasted w ith the p ro p y litized  rocks o f the lower d iv is io n .

Microscopic examination o f f i f t e e n  s lid e s  from th ese  flows shows 

the fo llow ing c h a r a c te r is t ic s . Except in  a few holohyaline flows of 

l i t t l e  importance, a l l . o f the flow s are porphyritic w ith  phenocrysts 

of medium andesine averaging about 3 mm in  len g th . These phenocrysts 

are hypidiomorphic, ex h ib it strong zoning, marked corrosion , and a ten ­

dency toward a glomeroporphyritio h ab it. Twinning i s  a fter  the a lb i t e ,  

p e r ic l in e , and Carlsbad law s. Combined Carlsbad and a lb ite  twins are 

very common. These phenocrysts comprise from 15 to  30 per cent o f  the  

rock.

The groundmass c o n s is ts  o f a p i l i t i c ,  in te r se r ta l or, le s s  com­

monly, a d iabasic aggregate o f p la g io c la se  la th s , anhedral grains of 

pyroxene and m agnetite, and commonly sm all amounts of g la s s . Common­

ly  the glassand some o f the pyroxene i s  c h lo r it iz e d . The fe ldspar  

la th s  range in  com position from acid  labradorite to  medium andesine 

w ith basic andesine being the average com position. They pyroxene is  

u su a lly  augite and much le s s  commonly hypersthene. Grains o f pyroxene 

averaging le s s  than 0 ,03 mm f i l l  the in te r s t ic e s  between the feldspar
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la th s which average from 0.01 to  0 .65  mm in  le n g th . The second ge­

neration p la g iocla se  comprises from 25 to  40 per cent o f the rock, 

the pyroxene from 15 to  25 per cent and the anhedral m agnetite from 

5 to  about 12 percent. Fluxion structure a lign in g  the phenocrysts 

and the second generation la th s  i s  u su a lly  present and is  developed 

to  a marked degree in  a number o f the th in  sec tio n s stud ied .

S ilv er  Star Granodiorite.  The rock composing th is  body c o n s is ts  

of a mass o f granodiorite w ith  subordinate amounts o f augite  d io r ite  

and quartz d io r ite  developed near the periphery o f the s to ck . A p lite  

dikes and hydrothermal rocks r ich  in  quartz, tourm aline, and s e r ic l t e  

are a lso  developed lo c a l ly  w ith in  the mass.

The granodiorite is  a l ig h t  colored aggregate o f white p la g io c la se  

sometimes tinged pink w ith  the development of orth oo lase , c lea r  co lor­

le s s  quartz, and black to  greenish b io t i t e  and hornblende c r y s ta ls  the 

co lor o f which depends upon the degree to which c h lo r it iz a t io n  has 

progressed. In mo3t cases the m inerals can be d istin gu ish ed  raegasco- 

p ic a lly , the grain  s iz e  o ften  being as large as 6 x 9 mm.

M icroscopically  the rock ex h ib its  a h o lo cry sta llin e  g ra n itic  te x ­

ture w ith  the m inerals, both l ig h t  and dark, not uncommonly aligned  in  

a sub-trach ito id  stru ctu re. In some instances the larger p lag ioclase  

cry sta ls  impart a sub-porphyritic appearance to the rock.

The p la g iocla se  i s  hypidiomorphic, gen era lly  corroded and strong­

ly  zoned* The composition of the cores averages b asic  to  medium an­

d esin e , each zone becoming richer in  Ab to  an outer zone of a lb ic la se
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Porphyritic andesite  
from lower portion of 
Skamania s e r ie s  as 
exnosed ''bn B lu ff  Mtn.

S i l i e i f i e d  Eagle Creek 
tu f f s  from saddle at 
the head o f  S ilv er  Cr.

A ll photomicrographs 15x 
crossed n ic o ls

Quartz -  s c h o r l i t e  
v e in le t  in grano- 
d io r ite  from near 
the mouth o f  Summit Cr.

Hornfels developed from 
andosite  near the contact  
with the granodiorite in  
Section 27
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or, la s s  commonly, a lb i t e .  Many o f those p la g io c la se s  have a f in a l  

rim o f o rth oclase . This orthoclase commonly f i l l s  fractu res developed  

in  the p la g io c la se s . Twinning developed in  the p lag ioo lase  fo llow s  

the a lb i t e ,  p e r ic l in e , and Carlsbad laws w ith  combinations o f a l l  three  

commonly found in  a s in g le  ind ividual* This p la g io c la se  comprises a -  

bout 55 percent o f  the rook.

10 to  25 percent o f  the rock c o n s is ts  o f in t e r s t i t i a l  and anhe- 

dral orthoolase in  some instan ces as c lea r  as the quartz, which i t  

c lo s e ly  resembles o p t ic a l ly , but more gen era lly  "dusty” w ith  s e r ic i t e .

Clear anhedral quartz shares w ith  the orthoclase  the in te r s t io e s  

between the e a r lie r  formed m inerals. The two are commonly intergrown 

in  a myrmekitio intergrowth showing contemporaniety o f c r y s ta lliz a tio n *  

The quartz granules average from 0*5 to  1 .2  mm and make up from 10 to  

25 percent o f the rock*

The dark minerals may be u r a lit iz e d  pyroxene, or, more commonly 

hornblende or b io t i t e  w ith  varying amounts o f c h lo r ite  and secondary 

dusty m agnetite. A l i t t l e  subhedral m agnetite was developed e a r ly . 

These dark m inerals are crowded in to  the in te r s t ic e s  between the p la ­

g io c la se  fe ld sp ars and make up about 10 percent o f the rock . The 

b io t i t e  where developed is  a lu strou s b lack v a r ie ty  w ith  2V estim ated  

a t  about 5 or 6 degrees and i s  stron g ly  p leoch ro ic , the formula being  

X pale ye llow ish  brown, Y reddish brown and Z very dark brown to  b lack . 

Inclusions o f a p a tite  and o f t i t a n i t e  are developed in  the p la g io c la se s  

and to  a le s se r  exten t in  the quarts*

The more b a sic  phases, as exposed a t  many p laces near the w a lls
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of the stock are characterized by more la th - lik e  p la g io c la se  c r y s ta ls ,  

l i t t l e  or no quartz and orth oclase , and larger amounts of pyroxene, usu­

a l ly  a u g ite . The p la g io c la se  i s  ord in arily  basic  andesine. These 

more basic  rocks make but a very small percentage of the to ta l  in  the 

stock . Intermediate between th ese  and the true granodiorite i s  a d io -  

r it e  very sim ilar  to  th e more b asic  d io r ite ,  but with 5 to  12 percent 

quartz and a l i t t l e  or th o c la se . Note the photomicrographs of th in  sec­

tio n s  o f each o f  th ese  rock types on the accompanying p la te s .

The a p li te  dikes are composed alm ost e n t ir e ly  o f quartz and pink 

orthoclase w ith  small amounts o f b io t i t e  and in  some instances o f su l­

f id e  m inerals. Myrmekitic intergrowth i s  common and the orthoclase  

i s  commonly s e r ic it iz e d  or even kaolin iged  to  a considerable ex ten t.

Metamorphic Rocks.  The metamorphic rocks in  th is  area are a l l  

products o f thermal or hydrothermal processes accompanying the intru­

s io n  o f the sto ck . The thermal metamorphism a t p laces along the con­

ta c ts  between the stock and the an d esites produces hornfelses o f su­

gary-grained r e c r y s ta lliz e d  fe ld sp a r , a u g ite , and magnetite w ith con­

siderab le  quartz being introduced in  some in stan ces. Where th is  action  

has been le s s  severe a t a d istance from the con tact, r e l i c t s  o f the  

o r ig in a l m inerals remain and the hornfels i s  very poorly developed. At 

a greater d ista n ce , th e e f fe c t s  become le s s  marked u n t i l ,  a t  a distance  

varying from a few fe e t  to  severa l hundred, the only e f f e c t  has been a 

p r o p y lit iz a tio n  o f the a n d es ite s . This p ro p y litiza tio n  c o n s is ts  in  the 

main o f the development o f epidote and ch lo r ite  w ith in  the and esites and 

the introduction  o f large amounts o f p y r ite  and quartz. The rep lace­

ment o f the tu f f s  in  the Eagle Creek formation by s i l i c a  was mentioned
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previou sly .

Other hydrothermal e f f e c t s ,  both w ith in  the in tru sive  and in  

the w all rocks, c o n s is t  of ( l )  epithermal quartz-sulphide veins car­

rying low values in  base m etals and small amounts o f g o ld , (2) quartz- 

tourmaline - s e r ic i t e  replacements occuring in  shatter zones and as 

small v e in le ts  in  the gran od iorite , and (3) s i l i c i f i c a t i o n  and ortho- 

c la s iz a t io n  of areas in  the gran od iorite , apparently a f te r  consolida­

tio n  of the mass.

The gen esis o f  th e ore deposits w ith in  the area is  being studied  

and reported in  a separate paper by the w r ite r ’ s oo lleagu e, Mr. R.H.Howe.

The tourmaline -  quartz replacements are shown to  b est advantage 

in  the large sh atter  zone shown on the structure map as crossing  sec­

tio n s  33 and 34, Solutions r ich  in  boron and s i l i c a  have bleached the  

granodiorite and produced a lu x u llia n ite  rock co n sistin g  of quartz, 

s c h o r lite , and s e r ic i t e .  In some instances the tourmaline aggregates 

make up 90 percent o f the rock. Small v e in le ts  o f tourmaline in  

bleached and s i l i c i f i e d  portions o f the granodiorite a t the mouth of 

Summit Creek are shown in  the accompanying photomicrograph. The tour­

maline i s  o f the sch o r lite  v a r iety ; Dim being 1.66 and the p leochroic  

formula X pale brown, Z  green ish-b lack , Basal section s show a very  

marked zonal growth.

The granodiorite in  cer ta in  areas w ith in  the stock , such as in  

the north-caat portion  o f sec tio n  8 and the north cen tra l portion  of 

sec tio n  21 ( in  the south part of the area) appears pink in  the hand 

specimen and has a dearth of ferromagnesianminerals. The o r ig in a l

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



18

gran od iorite , in  these in sta n ces , shows evidence o f having been re­

placed by orthoclase and quartz a fte r  con so lid a tion  o f the granodi­

o r it e ,  Remains of some o f the o r ig in a l minerals and structures o f 

the normal granodiorite have been observed in  a number of th in  sec­

tio n s  made from th is  a ltered  rock. I t  i s  b e liev ed  th a t t h is  rock 

represents a r e su lt  o f o r th o c la s iza tio n  a fte r  the main mass had con­

so lid a ted , the potash and s i l i c a  being introduced e ith er  by hot waters 

or by gaseous emanations.

Petrology o f the Stock

F ie ld  observations and examination of about f i f t y  se lec ted  

th in  sec tio n s  from the stock  shows a d is t in c t  gradation in  the body 

from a qu artz-free dark colored au g ite  d io r ite  occuring a t p laces  

near the borders, to  a granodiorite approaching a quartz monzonite 

in  composition in  the more cen tra l portions o f the stock . No d is ­

t in c t  zoning occurs and, in  p la ces , the more a c id  portion s of th e  

stock  are in  d ir e c t contact w ith the w all rocks, but, in  a general 

way, i t  may be sa id  that the d io r i t ic  phases are d e f in it e ly  border 

phenomena.

I f  the o r ig in a l magma a t  the time i t  was intruded had the

composition of a quartz d io r ite  i t  could form a s e r ie s  ranging from

augite d io r ite  near the borders to  the quartz-orthoclase a p lite  dikes

developed at a very la te  magmatic stage by the process o f fra c tio n a l

c r y s ta ll iz a t io n . I f ,  however, a magma w ith  a com position e s s e n t ia l ly

th at of gran ite was intruded in to  a country rock co n sistin g  mainly

of and esite  by processes involving stoping and a ss im ila tio n  a basic

border could a lso  be produced.
Samples taken from the acid  cen tra l portion  in  sec tio n  33 and
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»  •  • •

froia the w all phase in  s&ftfcikiij .qhenlcal an a lysis  re-
•  •  •

su ited  as fo llo w st • ■ ,  • •  
• • • • • • • • !  ! • ' • • •v ••••• •

Acid phase

S i02 - - - - - 65.90

Al2°3 15.72

FeO ------- 3.05

Fe2°3 1.11

Ti02 -------

to•

MnO — — .06

CaO ------- 4.78

MgO - 2.39

k2 °  — 1.94

0 t 1  1 I 1 3 .62

HgO (-105 C) .16

HgO (-105 C) .76

o 0 1 1 1 1 1 N il

P2°5 ------- .11

Basic phase 

58.07 

16.54  

4.26  

2.47  

.61 

.17

7.32  

4.94  

1.34

3.32  

N il

.70

N il

.12

F. H. Herdsman, a n a ly st, Glasgow, Scotland.

These analyses were p lo tted  oR a diagram w ith the analyses o f  

the Mount Stuart and Snoqualmie g ra n od ior ites , published by G.O.Smith

(1 6 ) ,(1 7 ) ,  an au g ite  d io r ite  from Bohemia, Oregon, and a granite  

from Nimrod Oregon, published by Buddington and Callaghan (5 ) .  A ll  

of th ese analyses are from in tru siv es  o f a nature sim ilar to  the  

S ilv er  Star stock , in  the same b e lt  in  the Cascade Mountains, and 

probably nearly  o f the same age. A f e ir ly  rep resen tative v a r ia tio n
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diagram for the Cascade in tru sives o f th is  type was obtained. The 

a lk a l i  -  lime index for  the s e r ie s  o f analyses used in  th is  diagram 

i s  62.5  which oomparos w ith 61.6 reached for  the Cascade in tru sives  

of Oregon by Buddington and Callaghan (5 ) .  This number d e f in ite ly  

places these rocks in  the c a lc ic  group as defined by Peacock (13)

I f  the d io r it ie  border be taken as an early  roof or w all phase 

in  the c r y s ta lliz a t io n  o f the stock then the course o f d iffe re n t ia tio n  

v/ith in  the mass can be shown chem ically by the diagram* The curves 

for the decreases in  magnesia, iron , lime and alumina, as w e ll as 

those for increasing potash and soda w ith  increasing s i l i c a  fo llow  

the same trends for the stock  as for the whole Cascade region . This 

chemical change i s  3hown m inera log ica lly  by the increase in  the 

a c id ity  o f  the feldspars from basic  andesine in  the d io r it ie  border 

phases tc  a lb ic la se  and even orthoclase in  the granodiorite, the devel­

opment o f r e la t iv e ly  large amounts o f free  quartz in  the more acid  

phases, and th e  ohange from the pyroxenes of th e  d io r ite s  to  the 

sm aller percentages o f amphibole and b io t i t e  in  the granodiorite.

The feldspars are almost always zoned w ith  the cores having the more 

basic composition* This fa c t  shows th at in  a l l  phases o f the stock  

the early  formed portion  o f the p la g io c la se  cry s ta ls  were removed 

from the reactin g  system by the formation of a more acid  zone. As 

th ese basic  cores were prevented from reacting w ith the remaining 

liq u id  an acid  d if fe r e n t ia te  would thus be formed,

X enoliths in  a l l  stages of a ss im ila tio n  were noted at many 

places near the borders o f the sto ck . These range from angular blocks
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of fresh  andesite to  barely  d iscernabls ghosts made v is ib le  by con" 

centrations o f hornblende needles® The andesite c le a r ly  has been 

assim ilated  by reaction  with the invading magma and the p o s s ib i l i t y  

e x is t s  that seme o f  the border phases could be the r e su lt  o f con­

tam ination of a much more acid magma® Such contamination would 

not greatly  a f fe c t  the course of d if fe r e n t ia t io n  w ith in  the stocks, 

however* (Bowen (3)

The x sn o iith s , o f  course, represent remains o f stcped blocks 

of the country rock® They were found only in the lig h te r  colored  

phases of the in tru sives*  I f  present in the darker phases, they were 

indistinguishable®

At many placer, the basic  border of the in tru siv e  i s  absent
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and the more acid  phases are in  sharp in tru siv e  contact w ith  the 

an d esite  w all rocks. I t  is  b elieved  th at a t th ese p o in ts portions 

of the r o o f, including the basic  border, were stoped in to  th e  s t i l l  

liq u id  more acid  d if fe r e n t ia te  end foundered.
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Geologic Structure

An attempt was made to  determine the mechanics o f emplacement 

for th is  stock  using some o f C loos1 methods as ou tlin ed  by Balk (2 ) .  

Although a number of measurements were obtained, su ita b le  exposures 

are so few and so many o f  th ese exposures, e sp e c ia lly  away from the 

w a lls , are o f so nearly  s tru c tu re less  rock, that the in terp reta tion  

of these data should be taken as only su ggestive . Although a v a ila ­

b le  data were taken from a l l  exposures in  the area , so much o f the 

granodiorite i s  covered by ta lu s  th at the stru ctu ra l observations 

are n e c essa r ily  somewhat sketchy.

Elongation w ith in  the mass i s  shown in  a few p laces by 

sch lieren , and, le s s  freq u en tly , by a lin ea r  p a ra lle lism  o f mineral 

gra in s . The b est developed o f  th ese l in e a l  fea tu res occur near the 

w a lls  and trend p a r a lle l  or nearly  p a r a lle l w ith  the lo c a l  trend  

o f the co n ta c ts . The few observations obtained in  the cen tra l por­

tio n s of the mass show a more co n sisten t ea st-n o rth -ea st trend va­

rying from north 60 ea st to  north 80 e a s t .

The fo llow ing  d escr ip tion s apply to  the fea tu res i l lu s tr a te d  

on the accompanying map and are follow ed by a summation and in terpre­

ta t io n .

Primary Flow Layers. In a few places along the borders of the 

mass some o f the more resorbed x en o lith s  and th e ir  rea ctio n  m inerals, 

p r in c ip a lly  hornblende, are drawn out in  long streaks (sch lieren )  

that are roughly p a r a lle l  to  the w a lls  o f the stock . These streak s, 

in  p la ces, form w e ll developed flow  layers the s tr ik e  and dip of
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which can be measured, but in  no case was the p itch  o f the elements 

w ith in  th ese  streaks apparent. In the north-west corner o f  sec tio n  

33 along the Yacolt-Hemlock road a w e ll defined system of streaks and 

p la tey  structures dips 76 degrees U30W, and in  th e north -east quarter 

of sec tio n  16 a sim ilar system, le s s  p e r fe c t ly  developed, dips 45 

degrees S80E. In both c a se s , these flow  layers dip a t rather steep  

angles away from the stock and under the w all rocks.

In the in ter io r  o f the stook poorly developed sch lieren  and 

elongated inclu sion s were noted ju s t  w est of the center of sec tio n  4 

in  the bed of Copper Creek. These layers dip 20 degrees NIOW. This 

la s t  measurement was taken one-half m ile ea st o f the west w all o f  

the stock .

Mineral P ara lle lism . In most o f  the exposures o f the grano­

d io r ite  the equidimensional character o f the mineral grains precludes 

any development of mineral alignm ents. However, in  a few places  

near the w a lls  and near the flow  layers mentioned above there e x is t s  

a lin ea r  p ara lle lism  of mineral gra in s, both l ig h t  and dark, but 

p r in c ip a lly  l in e s  formed by the alignment o f hornblende needles from 

the more resorbed x en o lith s near the co n ta cts . The general s tr ik es  

of these l in e a l  elements are shown on the map near the sch lieren  

noted above and a lso  near the center o f sec tio n  8 and in  the south­

w est quarter o f section  21. In most cases no p itch  or dip could be 

obtained for these lin ear  elements although those in  section s 8 and 

16 seem to  p itch  to the south a t high an g les .

As was the case w ith  the flow  layers an in sp ection  of the
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A. Fault o f f s e t t in g  a p l i t e  dike near Last 
Chance Mine.

B. Joint systems in granodiorite near the 
center o f  section  4
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map w i l l  show th a t  two trends e x i s t .  Near th e w a lls  the s tr ik e  of 

the mineral p a ra lle lism  i s  roughly p a r a lle l to  the w a lls , but in  

the more cen tra l portions o f the stock  the trend swings to  e a s t -  

n o rth -ea st.

J o in ts . Wherever the granodiorite  i s  exposed, in  c l i f f s  and 

in  the stream beds, the jo in ts  are p le n t i f u l .  The more p e r s is te n t  

of the jo in t  system s, both w ith in  the granodiorite  and w ith in  th e  

w a ll rocks, are shown on th e accompanying map. W ithin the in tru siv e  

there are no exten sive  w e ll defined systems of jo in ts  such as are 

found in  many in tru siv es  which were intruded under pressures great 

enough to  g rea tly  deform the w a ll rocks. Instead , the jo in ts  seem to  

be governed by purely lo c a l fa c to r s .

Not enough flow  structure e x is t s  to  designate any o f the jo in t  

systems as ’’cross jo in ts ” but i t  is  worthy o f note th at a weak general 

system of ten s io n  jo in ts  p r e v a ils . This system trends approximately  

p a r a lle l w ith  the long a x i3 o f the in tru sive*  The jo in ts  in  th is  

system are u su a lly  v e r t ic a l or high angle and are freq u en tly  f i l l e d  

by a p lite  d ik es . Since th ey  cros3 th e flow  lin e a t io n s  th at e x is t  

in  the cen tra l portions of the stock  a t  rather high a n g les , and 

sin ce  they are follow ed by the a p l i t ic  dikes they are probably poorly  

developed cross jo in t s .  Near th e borders where th ese  jo in ts  fo llow  

the same trends as the flow  stru ctu res , they would be c la ssed  as  

lon g itu d in a l j o in t s .  In any case , th ese high angle jo in ts  trending  

p a r a lle l w ith the w a ll of the stock in d icate  a weak doming*

Near the w a lls  o f the stock  appear s e ts  o f gash fractu res  

u su a lly  dipping in to  the in tru siv e  a t  varying angles and commonly
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A. Conjugate jo in t  syaterns 

on the north spur o f  

B luff Mountain, Section 16

 ̂ maximum Cumj>uirssiVc

t /o id  c r c * i t £  b y  shrt'nKq.

B. P ossib le  explanation for the jo in ts  

pictured above.
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f i l l e d  w ith a p lite  d ik es . These fractures are a ttr ib u ted  to  f r i c ­

tio n  between the w a ll rock and the moving mass of the in tru siv e .

D efin ite  se ts  o f conjugate jo in ts  e x is t  ( l )  near the borders 

o f the stock both in  the granodiorite and in  the country rock, (2) 

in  the w all rocks a t a considerable d istan ce, u su a lly  from one-half 

to  one and one-quarter m iles from the con tact, and (3) scattered  w ith in  

the in tru siv e  mass.

Jo in t systems of th e f i r s t  type in ter sec t a t aoute angles and 

are b elieved  to  be the r e su lt  o f f r ic t io n a l drag between the moving 

in tru siv e  and the w all rocks. The conjugate jo in ts  of the second 

type in ter sec t a t r ig h t angles and are believed  to  be the r e su lt  of 

shear due to  an almost horizontal th ru st away from the in tru sive  

during emplacement*; Conjugate systems o f the th ird  type w ith in  the  

granodiorite do not conform to  any s in g le  system and are probably 

b est assigned to  cooling  s tr e s se s . Some of these la t te r  jo in ts  are 

a ctu a lly  fa u lts  o f small displacement o f f se tt in g  a p li te  dikes which 

f i l l  previously  formed long itu d in a l j o in t s .  Note the small fa u lt  

on the accompanying p ic tu re .

In the north-west corner of sec tio n  17, and in  the north­

west portions o f sec tio n  15 and adjoining portions o f sec tio n  10 

are systems of conjugate jo in ts  w ith a common s tr ik e  and w ith  dips 

o f 60 degrees to each s id e . These jo in ts  are interpreted  as shear 

planes developed in  r ig id  b r i t t l e  a n d esite . Under such conditions 

Hartmann's law may be app lied-to  th e ir  an a lysis  and the d irectio n  

o f maximum compressive s tr e s s  would then be determined by a lin e  

normal to  the lin e  of in ter sec tio n  of the two jo in t  planes and con-
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tained  in  the plane b isec tin g  the acute dihedral angle between the  

jo in t  p lan es. A ll o f th e conjugate shear systems were p lo tted  s te r e -  

ographically  a fte r  the method described by Bucher (4) and the d irec­

t io n  of maximum s tr e s s  p lo tted  in  space. The d irec tio n  in  azimuth 

and the angle o f  p itch  were thus obtained. In the case o f the conju­

gate jo in ts  w ith  the common s tr ik e  the d ir e c tio n  of th is  force  was 

v e r t ic a l .

A p o ssib le  explanation o f th ese  jo in t  systems l i e s  in  the 

fa o t  th a t when the in tru siv e  cooled i t  would shrink away from the  

w all rock s. On the roof an adjustment could be made to  th is  change 

of volume by keystone fa u lt in g , but along the w a lls  th e unsupported 

and esite  would tend under i t s  own w eight to  shear in to  the small 

voids created by the shrinking in tr u s iv e . Note the accompanying 

diagram.

C onclusions. The above data are b e lieved  to  in d ica te  th at the 

stock was intruded along a lin e  trending approximately N20E. The 

lack  o f seriou s deformation in  the w a ll rocks and the lack o f w e ll  

defined jo in t  systems w ith in  the mass o f the stock suggest th at do­

ming and th ru sting  asid e o f the country rock was secondary to  s to -  

ping in  the processes o f emplacement*

The swarms o f x en o lith s  near the contacts many o f which are 

almost com pletely resorbed are d ir e c t evidence o f stoping and a s s i ­

m ila tio n . The dark m inerals, c h ie f ly  hornblende, and the more 

b asic  fe ldspars formed by the rea ctio n  o f th ese  x en o lith s  w ith the  

in tru siv e  magma may have contributed to  the b asic  border o f the stock , 

but i t  i s  not b elieved  to  have been the so le  cause.
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Tha flow la y e r s , where noted, tend to  aroh toward th e center  

of the stock , the systems of steep  jo in ts  trending p a r a lle l  to  the  

long a x is  o f the stock  can be interpreted  as in d ica tin g  a weak doming, 

but an a lysis  o f jo in t  systems f a i l s  to  produce any co n sisten t r e s u lt s .  

I t  i s  believed  th at th is  r e la t iv e ly  small and shallow in tru siv e  was 

einplaced p r in c ip a lly  by stoping processes and th at determ ination of  

the mechanics o f emplacement by the methods of stru ctu ra l an a ly sis  

as used by Cloos, Balk, and others can not be su c c e ss fu lly  applied to  

th is  stock  or to l ik e  c a se s .

Physiography

As was mentioned under th e heading o f topography and as can 

be seen upon in sp ection  o f the accompanying panorama, the mapped 

area and i t s  surroundings are characterized by a remarkable concor­

dance o f crests  as viewed from any o f the higher poin ts w ith in  the 

region . This concordance, disregarding the few high volcanoes, per­

s i s t s  throughout the Y/ashington Cascades and has been w e ll described  

from the v ic in it y  o f Mt. R ainier northward.

In the area under consideration  the d iv ides forming the sky­

lin e  average c lo se  to  3700 fe e t  A.T. w ith many ridges below th is  le ­

v e l and hence below the sk y lin e  and a few peaks r is in g  severa l hun­

dred fe e t  above the general concordant sk y lin e . Note the marked 

p oin ts on the accompanying panorama. As might w e ll be expected , the 

eleva tion s increase from the la titu d e  of the Columbia River u n t i l  

in  the v ic in ity  o f Mt. R ainier the average e lev a tio n  o f the d iv ides is  

a l i t t l e  greater than 6000 f e e t  A.T.

This even skyline or concordance of summits has long been
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thought o f as representing a former peneplain being f i r s t  ca lled  to 

a tten tio n  by R u ssell (14) in  connection w ith h is  work in  th e v ic in i ­

ty  o f Mt* R ain ier . R ussell wrote:

As has been determined by B ailey  Y /i l l is ,  the mountain (Mount 
R ainier) stands on a s lan tin g  peneplain , which co n s is ts  o f g ra n ite s , 
s c h is t s ,  and coal bearing T ertiary rocksj th a t i s ,  the region  where 
Mount R ainier i s  s itu a ted  was eroded during la te  T ertiary tim es un­
t i l  i t  was reduced to  a p la in  p r a c t ic a lly  a t  sea le v e l .  Such a 
p la in  i s  known among geographers as a peneplain. This peneplain was 
then upraised and t i l t e d  so as to  slope gen tly  westward. Since the  
p la in  was e levated  i t  has been deeply d issec ted  by erosion , and the 
land masses between the sunken stream channels have been worn into  
mountain forms. The general le v e l  o f the summits which mark approx­
im ately the p o s it io n  o f the t i l t e d  peneplain, in  the region  adjacent 
to Mount R ain ier, on the north, i s  about 6,500 f e e t .

In the next few years both W illis  and Smith worked in  adjoining  

areas in  the Cascades. V fillis  (19) described the Methow surface  

which was the equivalent o f R u sse ll's  Cascade peneplain . Smith was 

at f i r s t  sk ep tica l about the peneplain hypothesis, but in  1903 he 

described a lowland in  the Ellensburg -  Yakima d is t r ic t  which appar­

en tly  beveled both the Yakima b a sa lt and the Ellensburg gra v els .

Later (1904) Smith said  th a t th is  surface was d i f f i c u l t  to  trace out 

of the region bordering the lower Yakima V a l l e y .

Daly (10) was the f i r s t  to  take exception to  the then genera lly  

accepted Cascade peneplain . He app lied  his p r in c ip les  o f a lp ine  

sculpture to  exp la in  the accordance of c re sts  and a lso  objected to  

the short length o f time given to  post peneplain scu lp ture.

Buwalda (6) interpreted  the fea tu res a t Smith’s type lo c a l i ty  

for the lowland surface as fo llo w s:

The Yakima region  is  underlain by Columbia River b a sa lts  
and overlying Ellensburg sedim ents, folded together in to  east-w est
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a n t ic l in a l  ridges and much wider sy n c lin a l v a lle y s .
The geomorphic h istory  as interpreted  by George Otis Smith 

in  P rofession al Paper 19 included post-E llensburg fo ld in g , P liocene  
peneplanation, and further fo ld in g  creatin g  present day (hence second 
generation) ridges and v a lle y s . Supposed peneplanation o f the Cas­
cade Range was dated from the Yakima area .

Evidence presented for peneplanation consisted  o f smooth sup­
posedly beveled surfaces on cre sts  and flanks o f such b a sa lt ic  ridges  
as Cleman Mountain and across both b a sa lt  and sediment at one lo c a l i t y ,  
K elly Hollowj and supposed intrenched meanders of Yakima River between 
Yakima and Ellensburg.

The w r ite r 's  in terp reta tion  i s  th at the smooth b a sa lt ic  crests  
and flanks mapped by Smith on P late 5 are not beveled but structural 
surfaces (dip s lo p e s ) , lo c a lly  lowered on the cre sts  by recent s tr ip ­
ping to an underlying b a sa ltic  la y e r . The supposed peneplain remnant 
at K elly Hollow was cut across a small th ickness o f  b a sa lt in  the 
present cycle  by tr ib u ta r ie s  graded to  the e x is t in g  but s l ig h t ly  
higher Vfenas Creek, Smooth beveling  surfaces on Ellensburg sediments 
in  v a lley s  are roughly graded to  present drainage lin e s  and commonly 
meet the b a sa ltic  dip slopes a t sharp d e f in ite  a n g les. The supposed 
meander pattern  in  Yakima Canyon may merely in d ica te  stru ctu ra l con­
t r o l .  I f  true meanders, they are as lo g ic a l ly  referab le  to  the o r i­
g in a l surface o f Ellensburg aggradation as to  a postu lated  peneplane 
su rface.

Present physiographic knowledge o f the Yakima region poin ts  
to a s in g le  cycle  o f post-low er Pliocene deformation and degradation, 
without peneplanation*

Coombs (9) presents a concise summary of previous work in  

the Washington Cascades and concludes th at the "accordance (o f c r e s ts )  

does not seem s u f f ic ie n t ly  s tr ik in g  to demand the introduction  o f the 

n-fl cycle ."

Coombs further states*

The w riter  prefers to account for the summit le v e ls  w ith in  
the park as a con stru ction a l, rather than d estru ctio n a l, fea tu re , 
and resu ltin g  from the outpouring and accumulation of volcanic ma­
t e r ia l .  This upland has subsequently undergone a minor amount of 
deformation in  the form of gen tle  warping. Since the time o f incep­
t io n , i t  has been deeply d issec ted  by the action  o f streams and ic e ,  
resu ltin g  in the present topography.

I f  w ith in  the mapped arsa and adjacent regions a surface be 

reconstructed from th ese  concordant c r e s ts ,  th at surface would be 

found to  bevel the dipping la v a s, and t u f f s ,  and to  have unroofed
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the S ilv er  Star stock  which must have cooled a t a considerable depth. 

Pronounced erosion  and beveling since the d ep osition  o f the lavas 

and the in tru sion  of the stock i s  thus in d ica ted .

A question  a r ise s  whether th is  accordant sk ylin e  represents  

a former near base le v e l surface or could i t  have been produced during 

continued u p l i f t  and a maintenance o f a r e la t iv e ly  high r e l i e f .

In an area such as t h i s ,  subjected to  period ic igneous a c t iv ity  

throughout most o f the early  and middle T ertiary periods and to  re­

gional u p l i f t  during the la te  T ertiary and Quaternary there would be 

a tendenoy to produce a plateau surface more or le s s  d is se c te d . Du­

ring the ea r ly  h istory  when vuleanism was dominant each spasm o f v o l­

canic a c t iv i ty  would tend to f i l l  the v a lle y s  and low p laces much as 

the la te  intra-canyon flows have recen tly  done. The higher ground, 

excepting occasional volcanoes, would be covered le a s t  or not a t a l l ,  

and would th ere fo re , be subjected to  almost continuous ero sio n . As 

the low places thus become f i l l e d  and the higher areas worn down a 

surface o f low r e l i e f  would be produced in a r e la t iv e ly  short tim e. 

Such a surface could have a r e l i e f ,  however, o f  hundreds o f f e e t ,  

could bevel the lavas and expose prelava or in tru sive  rocks and be 

in  no true sense a peneplain.

With the lessen in g  of vuleanism and the beginning of cru sta l 

movement in  the area during Late T ertiary time the surface thus formed 

vras elevated  to somewhat more than the present heights of the d iv ides  

and vigorous d is se c t io n  begun. This u p l i f t  probably was continuous 

from ea r ly  Pliocene u n t i l  la te  Quaternary, D issec tio n  o f th is  con­

t in u a lly  r is  ing surface by streams working headward from Columbia
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River would be s u f f ic ie n t  to  account for th e accordant c r e s t s ,  as 

viewed on the sk y lin e , w ithout any more erosion  than would be ac­

complished a t  a stage o f m aturity in  the f i r s t  c y c le .

The same r e s u lt s ,  of course, would occur i f  an o ld  age surface  

developed on the la v a s , tu f fs  and in tru siv e  rocks s o le ly  by erosion  

were u p lifte d  in  the manner outlined  above. I t  may be noteworthy, 

however, th a t nowhere in  the Washington Cascades adjacent to  the  

Columbia River are any remains other than even Skyline o f an u p lif ­

ted old age surface preserved. Any surface considered must be re­

constructed from the accordant c r e s ts  as seen on the sk y lin e .
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Problems Needing A tten tion

Before much o f value can be -written on the general h istory  

of the Cascade Mountains in  southern Washington the fo llow in g  prob­

lems need d e ta iled  a tten tion *

(1) G eological mapping of large areas w ith in  the range th at 

are very poorly, i f  a t a l l ,  known a t the present tim e,

(2) Determination o f the re la tio n sh ip s e x is t in g  between the 

marine stra ta  in the southern extension  of the Puget Trough and the 

lower p y ro c la stic  m aterial o f the Western Cascades,

(3) D etailed  mapping o f the contact between the Columbia River 

b a sa lts , exposed in  the Columbia C-orge, and the Skamania a n d esite s ,

(4) D eta iled  paleobotanical stu d ies o f scattered  flo r a s  known 

to e x is t  in  many p laces c lo se  to  the area reported in  th is  paper.
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