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PREFACE 

The geology of the Pacific Northwest is not only varied, but its expression in the 
landscape is a major factor in the scenic beauty of this region. Much is known about the 
geology of the Northwest, but much more remains to be studied and interpreted. The 
papers and field trip guides in this text reflect recent and continuing geologic research 
and will contribute to our understanding of the history of this region. 

The areas and subject matter covered in the articles describe nine field trips which 
range from southwestern Washington to the southern Oregon Coast; these accounts emphasize 
the Paleogene rocks of the Coast Range and its structural aspects along with articles on 
the Neogene rocks, structure, and geomorphology of the Oregon Cascades. The article by 
Komar and others on beach processes along the present Oregon coast perhaps highlights the 
fact that the Cenozoic evolution of the Northwest involved a dynamic and evanescent 
coastline which faced a shrinking Pacific Ocean. 

This guidebook is being issued in conjunction with the 76th annual meeting of the 
Cordilleran Section of the Geological Society of America. We hope that the text will not 
only benefit those earth scientists attending the field trips, but also will be an in
valuable guide to the interested layman or geologist who, independently at a later date, 
will visit the same localities. 

The editors wish to take this opportunity to thank the many geologists who have 
expended time and effort to produce the several field trips and the accompanying texts 
and illustrations. Their willingness to share their research is deeply appreciated. Our 
thanks go also to Alan R. Niem, Wendy A. Niem, Edward M .  Taylor, and Herbert G. Schlicke� 
the co-chairmen of the Field Trip Committee. For more than a year they have been organi
zing this sequence and it is because of their work that this interesting and varied 

spectrum of geological field trips is possible. Special thanks are extended to Beverly F. 
Vogt, Geologist-Editor of the Oregon Department of Geology and Mineral Industries, for 
her efforts in the publication of this guidebook. 

K. F. Oles and J. G. Johnson 

NOTICE 

The Oregon Department of Geology and Mineral Industries 

is publishing this paper because the subject matter is con
sistent with the mission of the Department. To facilitate 
timely distribution of information, camera-ready copy sub

mitted by the authors has not been edited by the staff of 
the Oregon Department of Geology and Mineral Industries. 

Cover photograph: view northwest across Oregon State University campus 

to east flank of Coast Range. 
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VOLCANIC AND VOLCANI CLAST I C  ROCKS ON THE EAST FLANK OF THE 
CENTRAL CAS CADE RANGE TO THE DES CHUTES RIVER, OREGON 

Edward M. Taylor 
Depar tment of  Geology 

Oregon S t ate  Unive r s i t y  

INTRODUCTION 

A calc-alka l i c  vo l c anic arc has been intermi t tent ly a c t ive dur ing the l a s t  10- 15 m . y .  
along th e east ern p a r t  o f  the cent ral Cas cade Range in Oregon . The l a t e  P l e i s t o c ene re
cord of this  vol canic ac t iv i ty i s  well p re s erved on the cre s t  o f  the High Cascade s ;  the 
b e s t  exposed record of early P l e i s t ocene, Pliocene, and late Mioc ene Cas cade vo lcanism is 
found in volcanic and vo lcanic las t i c  depo s i t s  on the eas t  flank o f  the range and in the 
adj acent D e s chutes Basin . In the f o l lowing dis c u s s ion, s t ru c t ura l,  s t ra t i graphic, and 
magma t i c  feature s of th e Wes t ern Cas cade, High Cas cade, and Des chu t e s  Bas in subprovinces 
are des c r ibed and their interrelat ionship s are brief ly summa r i z e d .  

Central H i g h  Cas cade Province 

The central High Cas c ade Range in Oregon i s  chief ly a P l e i s t oc ene volcanic p la t f orm 
of overlapp ing b a s a l t  and bas a l t i c  ande s i t e  lava f lows who s e  aggrega t e  thi ckne s s  is gene
ra lly unknown bu t p robably exceeds 4,0 0 0  f e e t  l o c a l ly . Thi s  p l a t f orm i s  e longa t e  nor th
s outh and is 2 0 - 3 0  miles wide. A typ ical  volcano of the p la t form i s  a broad shield o f  
light-colo red, ves icular b a s a l t i c  ande s i t e  with a c inder cone core that ha s b een invaded 
by p lugs and radial  dike s . P l e i s t oc ene examp l e s  exp o s ed in cro s s - s e c t ion by glacial  
ero s ion include Sphinx But t e  south o f  Separa t ion Creek canyon, Deer Bu t t e  north o f  Los t  
Creek canyon, and Bald P e t er e a s t  o f  J e f f ers on Creek canyon; a p er f e c t ly p re s erved Ho lo
cene examp le i s  Belknap Cra t er on the McKenz i e  Pass  summi t .  S ome o f  the b a s a l t i c  ande s i t e  
vo l canoes develop ed large comp o s i t e  s t ruc tures reaching 10,000 f e e t  e l eva t ion on a shield 
base  10  mi l e s  wide. Examp l e s  inc lude The Husband, No rth S i st e r ,  Mount Washington, and 
Three Fingered Jack . In contra s t ,  many volcanoe s  o f  the p la t f orm wer e a c t ive f o r  only a 
brief t ime and p roduced sma l l  c inder cones with o r  without narrow lobes o f  lava . Ho loc ene 
examp les abound; they include Yapoah Cone, Twin Cra t ers, and S ims But t e  near McKenz i e  Pas s, 
and Nash Crater,  Lo s t  Lake Cones, and Blue Lake Cra t er near Sant iam Pas s . P l e i s t o c ene 
c inder c ones are no less abundant but they are no t a s  we l l  p re s e rved . Examp les o f  glaci
ated r emnant s  o f  P l e i s t ocene cones include Bluegr a s s  But te,  Condon But t e, and Scott Moun
t a in near McKenz i e  P a s s  and Maxwe l l  But t e, Hoodoo Butte,  and Cache Mountain near Sant iam 
Pass . 

A sys t emat ic t empora l  inhomo gene i t y  exis t s  within the High Cascade p l a t f o rm .  Early 
Pleis t o c ene lavas were p redominant ly high-alumina o l ivine tho l e i i t e s  in ves icular, t hin, 
wide s p read uni t s ,  commonly wi th p ronounced dikt y taxi t i c  texture s . La t e r  P l e i s t oc ene lavas 
wer e  p redominant ly h i gh-alumina bas a l t i c  ande s i t es in thick, p laty uni t s ,  genera l ly with 
p i l o t axi t i c  texture s . The early bas a l t s  crop out in great er abundance and variety a long 
the wes t ern and east ern margins of the p la t f o rm and in the wal l s  of deep ly glaciated 
canyons; however, iden t i c a l  b a s a l t s  do o ccur at high er l eve ls . La t e r  b a s a l t i c  ande s i t e s  
cover mos t  of  the p l a t f orm but they are also  f o und a t  lower s t rat igraphic leve l s . Exam
p le s  of ear ly basa l t s  are we l l  exp o s ed a long the wes t  margin o f  the p la t form at Cup o la 
Rock in Los t Creek c anyon, in c u t s  o f  Highway 126 north of Trai lbridge Res e rvo ir, and in 
the val l ey of  Hackleman Creek wes t  of Fish Lake . Early b a s a l t s  along the eas t marg in o f  
the p lat form are widespread i n  the upp er Me t o l ius River val l ey and in the v i c inity o f  
S i s t e r s . 
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A sys t ematic spacial inhomo geneity a l s o  exis t s  within the High Cascade p la t f orm .  
Wes t o f  Bend, i n  the vicinity o f  South Sis t er, sil i c ic volcanic rocks are int erbedded with 
and res t  up on the maf i c  p la t f orm ro cks . A sil i cic high land o f  s ome 15 mile s  breadth wa s 
produced by t he development o f  rhyo lite, rhyodacit e, and dac i t e  domes surrounded by ande
s i t e, dac i t e, and rhyodacit e  l avas and ash- f low tuf f s . Mo s t  of this highland is mant led 
by mafic c inder c ones and l avas o f  the Triangle Hill �roup and by composite volcano e s  such 
as Broken Top . Examp l e s  of  int erbedded ande s i tes,  dacit e s ,  and rhyodacit e  lavas are com
mon in upper S quaw Creek and Tuma lo Creek canyons . Two uni t s  o f  b lack ande sitic ash- f low 
tuf f ( Century Drive Tuf f and Shevlin Park Tuf f )  and one unit o f  p ink, devitrified, dacite 
ash- f low tuff  (Desert Sp ring Tuf f )  were erup ted  f rom the highland and are well  expo s ed 
wes t  o f  B end . Two rhyodacit e a sh- f l ow tu f f s  ( Tuma lo Tuf f and Lava I s land Tuf f )  and.one 
ext ens ive lap il l i- f a l l  p umice depo s it ( Bend Pumice )  of High Cascade o rigin are a l s o  exp o
sed near Bend but were p robab ly erup ted  f rom a vent south o f  the s il i c i c  highl and . 

South S is t er vo l cano is chief ly ande s i t e  with minor dacite and rhyodac i t e . Broken 
Top ( eas t of South Sis t er) is basaltic andesite with minor int erbedded dacite and rhyoda
cite lavas and smal l-vo lume ash-f low t uf f s .  Middle Sis t er (north o f  South Sis t er) is 
basa l t  with minor bas a l t ic and esite, ande s i te,  dacite, and rhyodac i t e . South S i s t er and 
nearby vo lcano e s  are re latively la t e  p roduc t s  of long- cont inued, comp o s itiona l ly diverse,  
and l o caliz e d  silicic magma tism . 

In summary, the central High Cascade Range is no t the s imp l e  P l io c ene-P l eis t o cene 
b e l t  of  andesit e  vo l canoes commonJ.y depic t e d  in geo logy t extbooks ; ins t ead, it is a broad 
P l e i s t o cene p lat f o rm of maf ic composition in wh ich op en- t extured b a s a l t ic lava s were a t  
f irs t p r edominant ,  then became subordina te t o  b a s a l t ic andesit e . S i lic ic magma has in
vaded this p l a t f o rm throughout i t s  development but only in is o l a t ed re gions . 

Des chu t e s  Basin Province 

The eas t ern margin of the c ent r a l  High Cascade p la t form is marked by a very irregular 
conta c t  with the late Miocene and P l io cene Des chu t e s  Forma t ion . Early p l a t f o rm int racan
yon l avas extend as much as  5 miles e a s t  of t he Cascade f oo t h i l l s  and is o l a t ed P l e i s t o c ene 
vo lcano e s  of b as a l t  and bas a l t i c  and e s i t e  re s t  on Pl iocene rocks of the Deschutes Basin .  
Examp l e s  o f  High Cas cade int ra c anyon lavas oc cur in lower Me t o l ius River c anyon, Deep 
Canyon, and near S quaw Creek, Bul l Flat, and Tumalo Creek be tween Sis t er s  and Bend . I s o 
lated vol cano es o f  High C a s c a d e  a f f inity inc lude S quaw B a c k  Ridge, L o n g  But t e ,  a n d  Pil o t  
But t e  a n d  Awbrey But t e  near Bend . 

The D e s chu t e s  Forma t ion contains s t ream-depo s i t ed s il t ,  s and, and grav e l ,  andesitic
to-rhyodacit ic ash- f low and a sh- f a l l  tuf f s ,  and int erbedded b a s a l t  f l ows . The basa l t ic 
lavas were e rup t e d  f r om cinder cone s and fis sure ven t s  within the D e s chu t e s  Basin but the 
epiclas t i c  and vo l canic las t ic ro cks were chie f ly of  Cascade p rovenanc e .  C l o s e  t o  the Cas
cades, the f o rmat ion becomes thicker, bas a l t ic ande s it e  lavas predomina te,  and the vo lca
niclas t ic rocks become dis continuous int e rbeds . Indicators  o f  t r ansport dire c t io n  within 
the volcanic las t ic sediment s p oint eas tward . Des chu t e s  Forma tion source volcano e s  were 
coincident with, or not far r emoved from the High Cas cade axis . One deeply d i s s e c t ed 
remnant of an and e sitic Des chu t e s  Forma t ion source vol cano is located a t  the b end o f  
Me to lius River, 1 2  mile s  eas t o f  Mount J e f f erson . 

S t ra t a  o f  the Des chu tes  Format ion b e tween Warm Springs and Bend are generally f lat
lying excep t where they are o f f s e t  by north- northwe s t - t r ending no rma l f au l t s  o f  sma l l  
dis p lacement . The s e  f au l t s  are p art o f  the Brothers-Sist ers Fau l t  Zone and are b e s t  ex
p o s e d  in cro s s - s e c t ion a long cut s of Highway 1 2 6  in Deep Canyon eas t of Sis t er s . The 
Des chutes  Forma t ion is unconformab l y  underlain by fo lded and f au l t e d  bas a l t s  of the mid
Mio cene Co lumb ia River Group on the nor th and by s ilic ic domes,  lavas ,  and tuf faceous 
rocks on the s o uth, various ly as crib ed t o  C larno and John Day Format ions o f  early Tertiary 
age . 

Par t s  of the High Cascade - Des chu t e s  Forma t ion contac t are faul t control led . Thi s  
i s  espe cia l ly obvious a t  the we s t  bas e o f  t h e  Green R i d g e  e s carpment, a 2 0-mi le- long
nor t h- s outh f au l t  b l o ck in which upper Des chu t e s  Forma t ion rocks ris e 2, 0 0 0  f e e t  above the 
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eas t edge o f  the High Cascade p l a t f orm . K-Ar ages o f  ro cks on the cre s t  of Green Ridge 
and of lavas emp laced agains t the b a s e  of the s carp indic a t e  that fault ing o c curred during 
the interval 2. 5 to 4 . 5  m. y. ago (Armstrong and o thers, 1 9 7 5 ) . A c l o s e ly re lated but much 
less s p e c tacular f ea t ure is the Tumalo Faul t be tween Sist ers and Bend. The Tumalo Fault 
can b e  traced without in terrup tion for 15 miles;  north and south s e gmen t s  ext end it s 
length another 10 mi les.  Part s o f  the Tumalo Fau l t  were rea c t iv a t ed during the P l e i s to
cene. 

Green Ri dge p robably marks the east  f lank o f  a p rominent P l i o c ene vo lcanic comp lex. 
North and s outh of Green Ridge the t race of a maj or fault i s  obs cure; i s o l a t ed hil l s  o f 
Des chu tes Format ion are surrounded by lavas o f  the p l a t f orm and a p reviously exis t ing 
fau lt- controlled topography appears t o  have been extens ively eroded and a lmo s t  comp l e t ely 
buried. 

A correc t  int erpre t a t ion of the e a s t -margin fault  sys t em is of great s i gn i f icance in 
unders t anding H i gh Cas c ade and Des chu t e s  Basin geo logy. My int erp re t a t ion can be summa
ri zed as f o llows: 

1 .  Deschu t e s  Forma t i on b a s a l t i c  ande s i t e  l avas,  andesite lavas,  and ash-f low tuf f s  
were derived f rom vo l c anoes near the pre sent High Cas cade axis and f l owed eas tward 
int o  the Des chu t e s  Basin mo re t han 4 . 5  m. y. ago. Rock uni t s  de sp o s t ed by this p ro
cess have b e en t raced f rom Green Ridge to the D e s chu t e s  River. They reveal a contin
uous, gent le eas tward dip of only 1-2 degrees. There fore, Gre en Ridge canno t repre
s en t  a t i lt ed- up fault block . It is, ins t ead, a remnant of s tab l e  e a s t ern Cas c ade 
foo thi l l s  and i t s  ro cks s till res t  on an init ia l paleos lope. 

2 .  The maximum age y e t  ob t a ined by radiome t ric da t ing o f  centra l  High Cas cade p l a t 
form ro cks i s  3 . 9 m. y. The refore, Des chutes  Forma t ion ro cks and s o u r c e  vo lcano e s  
mus t  l i e  b eneath the Cascade p l a t f orm and di sp lacement of  t h e  east-margin f au l t  
sy s t em p robab ly exc eeds ( and might gre a t ly exceed) 3, 000 f e e t .  

3 .  I f  Green Ridge h a s  no t b e e n  di s p laced upward re l a t ive t o t h e  D e s chut e s  Basin, the 
Cascade ax i s  has been disp laced downward. Thi s p resumab ly o c curred about 4 . 5  m. y. 
ago, t erminating dep o s i t ion o f  D e s chu t e s  Format ion rocks.  

Is it p o s s ib l e  that a who le range o f  P lio cene composite  vo lcanoes foundered and was buried 
beneath the Pleis t oc ene High Cas cade p la t f orm? Such an int erpre t a t ion is s trongly sugge s t
ed by avai lable f ie l d  evidence. W i t h  app ropria t e  informality, this  hypothetic a l  a s s emb
lage of vo lcanic rocks migh t be called the " P l io-Cas cades . "  

Ea s t  Margin o f  the Centra l  Wes t ern Cascade Province 

S t rat igraphi c and s t ruc tura l  re la t ionship s at the we s t ern margin o f  the centra l  High 
Cas cade p l a t form are obs cured by mo re exten s ive ero s ion, thi cker a l luvial cover, and more 
luxuriant vege t a t ion than along the eas t ern margin. However, s t riking similari t i e s  are 
evident . Is olated P l eis t o c ene vo lcano es of bas a l t  and b a s a l t i c  ande s it e  o c cur in the 
Wes t ern Cas cades at leas t 2 0  miles we s t  o f  the p l a t f orm . Examp les  inc lude Hart er Mount a in, 
a c inder cone and f low near Qua r t zv i l le, and Ba t t le Ax Mountain. Early High Cas c ade p la t 
form basal�o ccur as  intracanyon lavas in t h e  adj acent Wes t ern Cas cades.  Examp les  inc lude 
diktyt axitic b a sa l t s  of Fo ley Ridge in the canyon of McKenzie River and s imilar ro cks in 
the canyon o f  Nor th Sant iam River . 

Rocks o f  the Wes tern Cas cades adj acent to the centra l  High Ca s c ade p l a t f o rm are 
predominant ly late Mi o cene and P lio cene ma f ic lavas (Arms t rong and o thers ,  1 975; Sut t er, 
1978 ) wi th subordina t e  ash-f low tuf f s  and s i l i c i c  vo l canic dome s.  Thes e  rocks have b e en 
inc luded in the S ardine Format ion by Peck and oth ers ( 19 6 4 )  but should b e  a s s igned to the 
Out ers on Forma t ion of Thayer ( 19 3 7 ) . They are equivalent in l i t ho logy and age to the 
Des chu t e s  Format ion. They are genera l ly f la t - lying exc e p t  where they are o f f s e t  by north
wes t- t rending normal faul t s  of  sma l l  dis p lacement .  Al though many uni t s  o f  the Out erson 
Forma t ion were vent ed along the eas tern edge of  the We s tern Cas cades,  s everal andesitic 
ash-f low tuf f s  and one basal t ic ande s i t e  ash-f low tuff appear to  have moved wes tward f rom 
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P l io-Cas cade vo l canoes . Examp les  of Out ers on Forma t ion rocks can be s e en a long the sou th
to-north c res t l ine of moun t a ins wh ich inc ludes  Fri s s e l l  Point, Bunchgra s s  Mountain, 
Browder Ridge, Iron Moun tain, Echo Mountain, Cres cent Mount a in, Three Pyramid s ,  and Co f f in 
But t e . 

Out ers on Forma t i on res t s  with angular and/or ero s ional unconformi t y  upon a comp lex 
and poorl y  expo sed a s s emb lage of modera t e l y  deformed, a l t ered, s i l i c i c  vo lcanic l a s t ic 
ro cks with subord inate l avas and intrus ive bodies . Thes e rocks are part o f  the S ard ine 
Forma t i on .  Examp les  o f  p re-Outerson ro cks are bes t s een wes t o f  the Fri s s e l l  Point-Co f f in 
But t e  c re s t l ine in c anyons tributary to McKen z i e  River and South, Middle, and North Santi
am Rivers . Many o f  the s e  ro cks have been a s s i gned K-Ar ages b e tween 1 4 and 2 0  m . y . by 
Sut ter ( 19 7 8 ) . 

Al though f ie l d  evid enc e is s t i ll inconc lus ive, it is l ikely that the ea s t ern part o f  
the central Wes t ern Cascades was d i s p laced s evera l  thous and f e e t  d own o n  the eas t s ide o f  
a north- south f au l t  s y s t em during t h e  interval 4 t o  5 m . y .  ago . Outerson Format ion rock 
uni ts  exceed 3,000 feet in thicknes s  and are approxima t e ly horizontal in a t t i tude a long 
the Fri s s e l l  Po int - Cof f in But t e  c re s t l ine . In the eas t  face  o f  a 3 0-mi le- long deep ly 
eroded north- south e s carpment, they " sky-out "  over the younge r High Cas cade p l a t f orm . A 
major fault  has been found a t  the base o f  thi s escarpment in a f ew p laces . For examp le, 
in the v i c inity o f  B elknap Hot Springs , rocks on the cres t l ine wes t  o f  the fault are 6 . 2 
m . y .  o ld; rocks o f  the s ame age eas t  o f  the f au l t  o c cur 2,000 f e e t  l ower (Arms t rong and 
o thers ,  1975) . Throughout i t s  leng th, this  f au l t  sys t em has been obs cured by glaciat ion 
o f  the e s carpment and by lavas of the High Cascade pla t f orm dep o s i t ed agains t the b a s e  o f  
t h e  e s carpment . 

If i t  can be demons t ra t e d  tha t  the High Cas cade axis was d i s p laced downward a long 
marg inal boundary f a u l t s  rel a t ive t o  the Des chu t e s  Basin and Wes t ern Cascades during the 
int erval 3 t o  4 . 5  m . y .  ago, the High Cascade pla t f o rm should b e  viewed as  a P l e i s t ocene 
f i l l  within a P l i o c ene graben . On the bas i s  o f  my own l imit ed exp erienc e, I b e l i eve that 
th i s  condit ion p reva iled north a t  l ea s t  a s  far as  Mount Adams and south a t  l ea s t  as  far as  
Cra t er Lake, but was no t necessari ly c ont inuous in t ime or spac e . It i s  likely that such 
a s truc ture, 2 0  miles wide, would sub s ide a long many fra c ture s, chiefly t rending north
s outh . Int ra graben f au l t s  c ould have served as  channe lways for a s c end ing ma gma . This 
mi gh t  exp l a in why volcano es on the High Cas cade p l a t f orm commonly oc cur within long north
s outh a l ignments and why vo lcanoes adjacent t o  the p l a t form t end no t t o  do s o . The early 
f lood of  gas-rich diktytax i t i c  basal t s  migh t be re lated t o  unusually rap id a s c ent of magma 
during a t ime o f  re lat ive c rus tal tens ion . Corresp ondingly, the later dominanc e o f  basalt
ic andes i t e  might re f l e c t  a s lowe r a s c ent and greater opportunity f o r  evolut ion of magmas . 

Cons iderab l e  evidence now sugges t s  that a broad calc-a lka l ine vo l canic f ield  cons i s t 
ing o f  Des chu t e s  Format ion, " P l io-Cascades," and Out erson Forma t ion ro cks covered the 
eas t ern hal f o f  the centra l  Cascade Range during late Miocene and P l iocene t ime . I f  i t  i s  
as s umed that a subdu c t ion sys tem wa s respons ible f o r  this vo lcanism, i t  m i g h t  a l s o  be 
assumed that the subduc t ion pro c e s s  became inac t ive or mod i f ied approxima t e ly 4 . 5  m . y .  
ago . Thi s might have led to relaxa t ion o f  the c rus t ,  subs idence along the vo lcanic axi s ,  
l e s s  f requent as cent o f  ande s i t e-dac i t e  magmas f rom more res tric t ed, re s i dual res e rvoirs ,  
and much increased outp ouring o f  basa l t i c  magma f rom rel a t ively shal l ow l eve ls, p robably 
a s s o c iated more with B a s in and Range magma t i sm than with a subduc t ion sys t em .  However, it 
is  easy to p rop o s e  mode l s . Tes t ing their val i d i ty will  require years of int ens e  e f fort on 
many f ront s .  
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FIGURE 1. DIAGRAMMATIC CROSS SECTION OF THE CENTRAL CASCADES OF OREGON, 

FIELD TRIP I TINERARY 

Becau s e  o f  the extr emely var iab le weather, snow cover,  and road cond i t ions tha t 
exi s t  on the Cas cade eas t s lope in s p r in g t ime and the consequent l ikelihood o f  las t 
minu t e  changes in r o u t e ,  a d e t a i l e d  geologic r o a d  guide wi l l  no t b e  given. T h e  f o l l owing 
i s  an i t inerary of the r e gions to b e  t raversed and the features to  be s tudied. 

Fir s t  Day 

Leg 1. Corva l l i s  t o  S an t iam P a s s  via Hi ghway s 3 4  and 20. A f ew b r i e f  s t o p s  wi l l  be 
made wes t of Tomb s tone Summit to examine s everal ash- f low tuf f s  o f  the Sardine and Ou ter
son Fo rma t ions. Many ar e extens ively wea thered and con s i s t  o f  l i t t l e  but c lay; o thers 
contain p lutonic xeno l i ths; s ome are o f  maf i c  comp o s i t i on .  

Leg 2 .  Sant iam Pas s t o  S i s ters.  Air- f a l l  tuf f s  and ma f i c  lavas o f  the Green Ridge 
es carpment wi l l  b e  examined. A l o gging road a s c ends the e s carpment from a p o int near 
Met o l ius River Br idge 9 9  and will b e  used i f  i t  i s  acce s s i b l e . A c lear day on Green 
Ridge will a f f ord s p e c t acular vi ews o f  th e Hi gh Cascades from Mt. Hood to Three Sist ers. 

�· S i s t e r s  to  Tuma lo S t a t e  Park via Hi ghway 12 6 and secondary roads leading 
sou th. Lavas and ash-f low tuf f s  of the uppermo s t  Deschu t e s  Format ion wi l l  b e  examined 
in the we s t  wal l  o f  Deep Creek Canyon a long Highway 12 6.  Ear ly High Cascade intracanyon 
lavas and ash- f low tuf f s  wi l l  be examined in ou tcrops along Fryrear, Tuma lo Reservoir, 
and Johnson roads .  

�- Tumalo S t a t e  Park to  Century Dr ive. Cross sec t ions o f  f o u r  a sh- f low t u f f s  
and o n e  pumice lap i l l i- fa l l  deposi t o f  H i g h  Cascade o r i gin wi l l  b e  s tudied in quarries  
and c anyon wa l l s  nor thwe s t ,  west, and southwe s t  o f  Bend. The mo s t  comp l e t e  exposures o f  
ash- f low uni t s  i n  ver t ical  s e c t ion w i l l  be s een i n  pr iva t e ly owned a c t ive quarries  where 
p e rmi s s ion t o  t r e s p a s s  mus t  be ob tained. 
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S e c ond Day 

�· Bend t o  He lmho l t z  Road west o f  Redmond . A sp ec t a cu l ar and eni gma t ic lahar 
will  be examined in t he east wa l l  of D e s chu tes River canyon, 2 . 5  miles nor th of Highway 
1 2 6 . 

�· Te throw But t e s  to Lower Br idge. Ash- f low tuf f s, air- f a l l  tuf f s ,  and dia t o 
mi te beds o f  the Deschu t es Forma t ion wi l l  b e  examined i n  roadcuts a n d  c anyon wal l s  near 
Lower Br idge. 

�· Lower B r idge t o  P e l ton Dam, nons top via Highway 9 7 .  Rou t e  wi l l  p r ov ide 
views and mid-Ter t iary rhyo l i t e  domes (such as Junip er But te ) and volcanic last ic ro cks 
( Smi th Rocks ) no rth o f  Redmond. Where Hi ghway 26 des c ends into Deschut es River c anyon 
north o f  Madras, the Deschut e s  Format ion r imrock basa l t s  wi l l  be s e en t o  over l i e  a 
sec t ion o f  D e s chutes  Forma t ion volcanic l ast ic rocks,  Columb ia River Group lavas, and John 
Day Forma t ion tuf fs. Lowe r  Des chutes  Forma t ion tuf f s  wi l l  be s tudied in the vicinity of  
Pelton Dam. 

�· P e l t on Dam to s ummi t o f  Round But t e  and south to Des chutes  Canyon viewp o int.  
S everal  p i c t uresque and ins truc t ive vantage points wi l l  a f ford exce l l ent views o f  the 
centr a l  Des chutes Basin and its  fil l  o f  vol canic las t i c  rocks from Gr een Ridge on the west 
to Ocho c o  foothills  on the east. 

�· Cr ooked River and Des chutes  River arms o f  Round But te Dam Re s e rvoir. Vol
caniclas t i c  rocks o f  the best exp o sed and most a c c e s s ib l e  s e c t ion o f  the Deschutes For
ma t i on will  b e  examined in road cu t s  b e tween Cove P a l i s ades S t a t e  Park and Lower Desert  
( tab l e land west o f  Deschutes  River canyon ) . 

Leg 10 . I f  road c ondi t ions are f avorab le, leg  10 wi l l  f o l l ow Fly Creek - Green 
Ridge logging roads t o  Highway 20  and on to Corva l l i s .  Otherwise, l e g  1 0  will  retrace 
Hi ghway s 97,  1 2 6, and 20  t o  Corval l i s .  
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PALEOGENE STRAT IGRAPHY AND STRUCTURE ALONG 
THE KLAMATH BORDERLAND, OREGON 

Ewart  M. Baldwin, Univer s i t y  of Oregon, and 
Rauno Per t tu, Bear Creek Mining Co . 

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

The Paleo gene s t ra t a  were depo s ited  i n  a mob i l e  b e l t  borderin g  t he c on t inen t a l  
margin a t  a t ime d e f o rma t ion i n  t h e  Klamat h  Moun t a in s  inf luenced rate  o f  s e d iment a t ion 
and d i s t r ib u t ion of l ithologies and f o rmat i on s .  Mo s t  of the s e d iment s  c ame f rom the 
Klamath Highland f il l in g  a t e c t on ic a l ly ac t iv e  b a s in .  

Baldwin ( 1 974 , 1 975 ) s umma r iz ed Pa leo gene s t ra t igraphic un i t s  with a gene ralized  
map  showing known dis t r ibut ion of  un i t s  with s ug ge s t ed paleo shorel ine s .  He reviewed 
geolo gic work done p r io r  to  tho s e  dates  and t he presen t  s ummary r e f e r s  largely to work 
done later . 

P e r t t u  ( 1 976 ) named and descr ib ed the Canyonv i l le fault  zone along the northe rn 
Klamath border land and d i s c u s s e d  movemen t in relat ion to s e d imen t a tion in the Dutchman 
But te area. S imp son and Cox ( 1 977) propo s ed c lo ckwise ro tat ion of 50-70 degrees o f  
t h e  southe rn Coas t Range . Miles ( 1 977) f urn i shed micropaleonto logic a l  d a t a  which aid 
in ref inin g a ge a s s i gnment s .  Gandera ( 1 977) mapped the Lo rane S il t s t one and r evised 
contac t s  b e tween the Spenc e r  and Flo urnoy f o rmat ion s wes t  o f  Eugene . 

Baldwin ( 1 974 , 1 975 ) d ivided the Umpqua Forma t ion of D il l e r  ( 1 8 9 8 )  int o  the Ro s e
bur g ,  Lookin gg l as s , and Flournoy Fo rma t ion s and e levat ed the Umpqua to group s t a t u s . 
He a s s i gned a l l  of the volc anic s and the thick f lysch- l ike b e d s  to the Ro seburg 
Forma t ion . Nearly all Ros eburg c ont ac t s  are faul t ed and it  is only in Elk Val l ey and 
along the Wes t  B ranch of Cow Creek that b ed s  a s s igned to the Ro seburg may be seen 
re s t in g  unc onfo rmab ly upon the D o t han Forma t ion . The volcanic rocks are ab sent a t  
these loc a l it i e s . The Ro seburg was c lo s ely f o lded and reverse-faulted duTing p l a t e  
movemen t s  a t  t h e  e n d  o f  t h e  early Eocene . 

The Lookinggla s s  Forma t ion , with a thick basal  conglome r a t e , the Bushn e l l  Roc k  
Member,  represent ing on lap p ing seas g r a d e s  upward to  sand s t one a n d  s i l t s tone , the 
Tenmi le Member . An upper o f f lap p in g  ma s s ive p eb b ly sand s tone and c on glomera t e , 
p resent on T enmile But t e  an d along O l a l la Creek , is c a l led t he O l a l la C reek Memb er 
(Baldwin , 1 974 ) (F i gures 4 , 6 ) . 

The Flournoy Forma t ion is genera lly d i s c on f o rmab l e  whe re i t s  b a s a l  sand s t on e  res t s  
upon o lder  forma t ions . The basal  sands tone , the Whit e t a i l  Ridge Member , grades upward 
in to thin-b edded san d s t one and s i l t s t one , the Cama s Va l l ey Memb e r . The Lorane S i l t 
s t one a n d  beds  a t  S a c c h i  Beach south o f  C a p e  Arago a r e  c o r r e l a t ed w i t h  t h e  C amas 
Va l ley Memb er of the Flournoy . 

Baldwin ( 1 975 ) r e s t r ic t ed t he Tye e Forma t ion to the center of the southern Coas t 
Ran ge wher e  it re s t s  unc onf o rmab ly upon older f o rmat ion s . The un i t  thins nor t hward 
and grade s  upward in t o  the Elkton S i l t s ton e  which in t urn is overlain by the o f f 
lapping sands o f  the Bat eman Forma t ion . 

The Coaledo Format ion occupies a north t r endin g  bas in in the Coos  Bay area wes t  
o f  the c entral  part  of  the Coa s t  Ran ge . I t  i s  unc onf o rmab l e  upon older uni t s  where 
they are in contac t and it  is not known to b e  in cont a c t  with the Tyee o r  Elkton 
Forma t ions which are  r e s t r ic t ed to the c en tral p a r t  of the range . The S p encer Forma t ion , 
which correlates  with the Coaledo , is unconformab l e  up on older un i t s  in the Corva l l i s  
and Eugene area s . 

The la t e  Eoc ene Bas t endo r f f  Forma t ion , mad e up largely of s il t s tone and shale , is 
overla in ab rup t ly but conf o rmab ly by tuf faceous san d s t one of  the Tunne l  Poin t  Forma t ion 
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in the C o o s  Bay area . The Tunnel Po int Fo rma t ion ha s us ually b een a s s igned t o  the early 
O l igoc ene but  Armen t rout ( 1 9 7 3 )  p lac e s  i t  in the la t e  Eoc ene . 

The F isher Format ion compo sed largely o f  fragmen t a l  vo l c an ic ma terial is over l a in 
by and p o s s ib ly int er f ingers wit h the t uf f ac e ous b e d s  o f  the Eugen e  Forma t ion . The 
F i sher F o rmat ion o c cup ies  approxima t e ly the same p o s i t ion a s  the B a s t endo r f f  Forma t ion 
and t he Eugene Format ion i s  c on s idered to  be equiva len t t o  t he Tunnel  Po in t  F o rma t ion 
and l a t e s t  Eoc ene . 

P l a t e  movement s preceeding and acc omp any ing Paleo gene depo s i t ion had a p r o f o und 
e f f ec t  on c harac t e r  and d i s t r ibut ion of  t he s e d imen tary un it s .  P e r t t u  ( 1 9 7 6; p .  49-5 2 )  
summarized  geo l o g ic even t s  a s  f o l lows : 

" In L a t e  Jura s s ic t ime , t rench and s lope sedimen t s  were depo s it e d  on a sub duc t ing 
sea f lo o r  of 'wes t ern Ro gue' ( the volc anic s in t he b lock along Mul e  C reek a s s i gned by 
some t o  the Ro gue Forma t ion ) . The s e d imen t s  and volcanic s o f  the O t ter P o in t  Forma t ion 
accumulated near the t renc h ,  whi l e  t he D o t han Forma t ion s e d iment s  p robab ly a c c umulat e d  
on the s lope a n d  p o s s ib ly loca l ly on the shelf . "  

"The O t t e r  Po in t  and D o t han s e d imen t s  were p robably deformed a s  t hey accumulated 
as  we l l  as  after depo s it ion , b ecause o f  c on t inued und e r t hrus t in g  a long the c on t in en t a l  
mar g in . B e f o r e  t h e  depo s i t ion o f  t he Myr t l e  Group , the ' we s t ern Rogue ' sea f loor was 
abduc ted r e l a t ive to the O t t er Po in t  and Do than f o rma t ion s . P o s s ib ly s ome of the 
vo lcanic b locks in the O t t e r  P o in t  Forma t ion wer e  d e r ived f r om the ' we s t ern Ro gue 
Forma t ion' during it s obduc t ion . "  

" S hor t ly a f t e r  depo s i t ion and in i t ia l  deforma t ion o f  the O t t er P o in t  and D o t han 
f o rmat ions and ob duc t ion of the 'wes t e rn Rogue , ' r i ght- lateral  faul t in g  b egan along 
the Canyonv i l l e  f ault z one . The faul t ing probab ly of f s e t  two a c t ive t r ench s e gment s . "  

"As a result of  the r i gh t - la teral faul t in g , t he Canyonv i l l e  fault  z one l o c a l ly 
f o rmed the lat e s t  Jura s s ic and Early C r e t ac eous shor e l in e . Along and near the shore
l ine , the Myr t le Group sed imen t s  were depo s i t ed a s  near shore and probab ly loc a l ly 
as nonmar ine f luvial- d e l t a ic s e d imen t s . Right-lateral  movement along the z one , as well 
as  r e g ional subduc t ion in t he of f se t  t renc h  s e gmen t s ,  with a c c ompany ing deforma t ion , 
continued , po s s ib ly sporadica l ly ,  d e f o rmin g  the Myr t le Group rocks . "  

"By Lookinggla s s  t ime , the r ight - la t eral movemen t along the C anyonv i l l e  f ault  z one 
wa s replaced by ver t ical movemen t . Regiona l ly ,  southe a s t  t o  northwe s t  c omp r e s s ive 
def orma t ion paral l e l  to the pre-Tert iary was end in g ,  p o s s ib ly b ecause s ubduc t ion along 
the c on t inen t a l  margin was end ing loc a l ly o r  because in Ros eburg and Lookinggl a s s  t ime , 
t he s ubduc t ion z one in we s t e rn Oregon was shif t ed wes tward t o  a p o s i t ion wes t  of the 
pre s en t  shor e l ine . A p o s s ib l e  f ix on the t iming of  t he proposed wes tward s t epp in g  o f  
s ubduc t ion would b e : Ro s eburg t ime , ac t ive subduc t ion; Lookinggl a s s  t ime , we s tward 
s t epp ing o f  subduct ion and end o f  a s soc ia ted c omp re s s ive d e f o rma t ion; F lournoy and Tye e 
t ime , northward building of d e l t a i c  dep o s i t s  ac r o s s  a now inac t ive she l f  and s lope . "  

An a l t erna t e  exp lanat ion by P e r t t u  o f  the Canyonv i l l e  f aul t z one i s  tha t i t  may 
repres en t  a r o t a t e d  southern ext en s ion of the S t ra i gh t  C reek faul t in Washington (Misch , 
1 96 6; Tab or and F r i z z e l l , 1 9 7 9 ) . S imp son and Cox ( 1 9 7 7 )  propo sed up to 70 degrees 
c lockwis e  r o t a t ion of  southwe s t  Oregon . If the Canyonv i l l e  fault  i s  rotated  back to  
i t s  p ropo sed o r i g inal or ienta t ion , with accompan y in g  c l o s in g  o f  proposed B a s in and 
Range exten s ion , the fault become s  generally nor therly in t rend and l ie s  approxima t e ly 
on proj ec t ion o f  t he S t r a i ght Creek faul t . D irec t ion s and t imes o f  movemen t and 
rela t ive ma gn i t ud e s  of o f f s e t  are s imilar on the faul t s . Af ter  rotat ion back to t he 
presumed o r i ginal o r i en t a t ion f o r  t he Canyonv i l l e  f aul t , t he Mes o z o ic l ithologies  c u t  
by the C anyonvi l l e  fault  a r e  s ubpar a l l e l  t o  s imilar l i t ho lo gies cut  by the S t raight 
Creek fault . If  t he two f a u l t s  were o r iginally cont inuous , then the s e t t in g  and l i t h
ologies o f  t he C anyonville f a u l t  sugge s t  that it may have b e en t rend in g at a low an gle 
acro ss  a con t in en t a l  s he l f  and s lope in a somewha t s imilar manner t o  the Denal i
Fairweather fault o f  to day . 
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S t r a t i g r a p h y  

Ro s eb ur g  Format ion 

The Ro s eburg Forma t ion is exp o s ed p r imar ily on e ither s id e  o f  the southe rn Coa s t  
Range south o f  Drain and Coos  Bay . I t  c ont a in s  several thousand f ee t  o f  p i l low and 
b r ec c ia t ed b a s a l t , tuf f , and int e rb e dded lenses of sedimentary rock depo s ited b enea th 
t he s e a . The basalt  is  conf ined t o  the lower part  o f  the f o rma t ion . The uppe r  part i s  
mad e  u p  of a t h i c k  s ec t ion o f  turb id i t e s  w i t h  minor amoun t s  o f  conglome r a t e  and b locks 
of b l ueschis t and green s t one a s  wild f lysch near B r idge and along the E a s t  Fork of t he 
Coquille  Rive r . 

Two Ros eburg sec t ions have b e en p lot ted a l though thickn e s s  is only t entat ive . 
One along the No r t h  Fork of the Umpqua River s t a r t s  a f ew hundred f e e t  wes t of the Frear 
Bri dge an d ext ends wes tward toward Ro sebur g .  I f  no t repeated this s ec t ion would c on t a in 
several thous and f ee t  of extrus iv e  volc anic rock and a f ew l en s e s  o f  sedimentary roc k .  
I t  i s  pos s ib le tha t  the vo lcanic sec t ion i s  dup l ic a t ed b y  imb r i c a t e  faul t in g .  Some o f  
the s e d imen tary int erbeds  s eem to  b e  c lear depo s i t iona l during ext rus ion . Al though 
p i l low lavas are  part ic ularly c ommon a l ong the North Fork of the Umpqua,  b a s a l t  near 
Drain and a long Hayhurst  road appears t o  b e  subaer ia l  extrusion s . In an i s land arc s ome 
extrus ion s wo uld be submar ine and o the r s  subaerial . Above the volcan ic un i t  is a thick 
sedimentary sec t ion exp o s ed along US  I-5  s outh o f  the Red H i l l  an t ic l in e  t o  the v ic in ity 
of Oakland ( F igure 3 ) . The expo sur e s  are in t ermi t t en t  but , if  the dips are p r oj e c t ed , 
as much as 8 , 00 0  f e e t  may b e  p re s en t . S i l t  and mud s t one are c o mmon in the lowe r par t and 
graded s and s tone beds  are p re s en t  and f o rm ridges and the narrows in the val ley j us t  
north o f  t h e  nor thern turno f f  f rom I - 5  t o  Oakland . 

Ano t he r  s ec t ion i s  exp o sed along S t a t e  Highway 42 b e tween Coquille and Myr t l e  P o in t . 
At lea s t  2 , 00 0  f e e t  o f  b a s a l t  is presen t  without the b a s e  b e ing exp o s ed . Then a s s uming 
relat ively c on t inuous d ip s  to  the southeas t  pas t the areas of poor  expo sure a s  much as 
8 , 00 0  f e e t  of sedimen tary rock could a l so b e  presen t . In b o t h  the Umpqua River and High
way 42 s ec t ions the top is eroded or faul t ed o f f  so tha t  one canno t determine the or iginal 
thickn e s s , but  1 5 , 00 0  f e e t  s eems t o  b e  a reasonab l e  e s t ima t e  for  the f o rma t ion in some 
p lac e s . 

A logging road c ons t ruc ted in the S uthe r l in C reek drainage revea led approxima t e ly 
2 , 000  f e e t  of s i l t s tone , sand s ton e and f ine-pebb le conglomerate . The se beds  are not 
turb idit e s  and appe ar to  b e  she l f  depo s it s  un l ike o ther sec t ion s o f  the Ro seburg Fo rma
t ion . They app ear to be ov erlain to the southe a s t  by the volcanic uni t  but this may b e  
a thrust  along the Bonan z a  Fault .  I f  b eneath t h e  t hrust  then the s e d imentary sec t ion 
a t  the head of Suthe r l in Creek may b e  a fac ies of the Ro s eburg but if ac t ua l ly b elow the 
basalt it c ould b e  a new s t ra t igraphic un i t . 

Mo s t  o f  the f o s s i l  ev idence po in t s  to a Penu t ian , early Eoc ene age , f o r  the 
Ros eb urg Forma t ion a l t hough earlier a s s ignmen t s  have ranged in to the Paleo c ene . Miles 
( 1 9 7 7 )  examined the microf aunas and f o und no evid enc e  f o r  a Paleoc ene age . The Ro s eburg 
was p robably depos ited  on an oc eanic p l a t e  as i t  wa s b e in g  subduc t ed .  The beds  were 
c lo sely f o lded and pe rhap s are dup l ic a t ed by faul t ing . 

Lookingglass Format ion 

T�e Lookinggla s s  Fo rmat ion wa s named by Baldwin ( 1 97 4 ) . One s e c t ion i s  expo s ed 
along the south s ide o f  Lookin ggla s s  Va l l ey where the name wa s derived , but a b e t t e r  
sec t ion l ie s  a long Tenmile Creek where approxima t ely 5 , 000  f e e t  is expo s ed . The basal  
memb er is  made up  of 800-1 , 000 f eet  o f  conglome r a t e  which is exposed in Bus hne l l  Roc k  
and a long the ridge para l l e l in g  the n o r t h  s id e  o f  Highway 42 f r om Alexander But t e  t o  
the p o in t  i t  i s  unconfo rmab ly overlain by the Flo urnoy Forma t ion wes t  o f  T enmi le Creek . 
This is the Bushne l l  Roc k  Memb e r . 

The c onglomerate is ov erlain by a thick sec t ion of thin ly b edded sand s t one and 
s i l t s tone which und e r l ie s  the val ley e a s t  of the Tenmi le Pos t O f f ic e . It is c a l led the 
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Tenmile Memb e r . This memb e r  may thin o r  a lmo s t  pinch out to the south wher e  the c on gom
erate c omin g  f rom t he Klama th Highlands pr edomina t e s . 

The uppermo s t  par t  of the Lookingg l a s s  Forma t ion in the Camas Val l ey , Bone Moun t a in 
and S it kum quadran gles i s  a mas s ive san d s t one and conglomera t e , perhaps repr e s en t ing 
depo s i t ion in an o f f lappin g sea . This member c a ps Tenmile But t e  but  is thicke r  and 

coarser along O l a l l a  Creek near the mouth o f  Coarse  Go ld Creek and is c a l l e d  the O l a l la 
Creek Memb e r . 

P e r t t u  ( 1 9 7 6 )  sugge s t e d  t hat repe a t ed mov ement a l ong a shear zon�which he named 
the Canyonvi l l e  fault  zone, governed the outpouring of Eoc ene s e d imen t s  probab ly c oupled 
with per iodic upl if t o f  the Klama t h  b l o ck . The zone with a pre-Lookingglas s  movement o f  
40  km or mor e  b o r d e r s  the nor t he rn Klamaths a n d  ext ends eas tward a long Cow C r e e k  t hen 
d ivides in to s everal f ault s in the southern par t  of the D ixonv i l l e  quadrangle which was 
mapped by Seeley ( 1 9 7 4 ) . Thus neare s t  to the Klama ths there is mo re conglomer a t e  and 
no rthwar d  an inc rease in s i l t s tone . Ac c o r d in g  t o  P e r t t u  ( 1 9 7 6; p. 35) " B e f o r e  Lookin g
gla s s  t ime , and pos s ib ly b e f o r e  Ros eburg t ime , exten s ive r ight- lateral faul t in g  c harac
terized the z on e . Righ t - la t e r a l  f au l t ing wa s f o l lowed by down- to- t he-no r t h  faul t in g  in 
Lookingglas s ,  and po s s ib ly into po s t -Lookingglas s t ime . During Riddl e  and Days Creek 
t ime and again in ear ly to  middle Eoc ene t ime , t he C anyonv i l l e  fault z one f o rmed the 
southern sho r e l ine o f  a mar ine embayment . "  

The Lookingglass  F o rmat ion i s  repr e sented by in fault ed b locks o f  the Bushn e l l  Roc k  
Memb e r  a long C o w  C reek . I n  Lookinggla s s  Valley and nor t hward t o  t he s o u t h  s id e  o f  
Woodruff Moun t a in t h e  formation s t r ike s no rthwes tward and d isappears b eneath t he Tye e 
escarpmen t . The f orma t i on is present in the Powers quadrangle at Gay lord , near Powe r s , 
and along upper Sa lmon C r eek and t he head of the S ixes  River , and in the Bandon quad
rangle along Bear C reek . I t  may b e  pr esent in s ome of the deep we l l s  in the c en t e r  o f  
t he Coa s t  Range but  d o e s  n o t  crop out  north  o f  Bandon and Woodruf f Moun t a in . 

Al t hough the Lookingglass depo s i t ion f o l lowed s evere deforma t ion and eros ion o f  the 
Ros eburg , b o t h  c ont a in a Penut ian micro f o s s il a s semb la ge . This ind icates  rapid t e c tonic 
mov emen t s  with acc ompany ing deformat ion and e r o s ion of  the unde r ly in g  Ro seburg b e d s  
occurred b e f o r e  depo s it ion o f  the ma s s iv e  basal  c onglome r a t e  of the Lookinggla s s . At 
l e a s t  locally. the basal  conglomerate  was invo lved in Ro s eb ur g- s ty l e  d e f o rmat ion , which 
died off before or dur in g  depo s i t ion o f  the ove r ly in g  members . 

Flournoy Forma t ion 

The Flournoy Fo rma t ion wa s named by Baldwin ( 1 97 4 )  f o r  F lournoy Va l l ey which is 
drained by Lookinggla s s  Creek . It r e s t s  unc on f o rmab ly upon the Ro s eb ur g  in place s  
where t h e  Lookin ggla s s  i s  mis s in g  north of Bushne l l  Ro c k  and a long t h e  n o r t h  edge of  
Lookingglass Val ley . The lower par t  of the f o rma t ion is  mos t ly san d s t one which appears 
to  b e  near- she l f  depo s i t s  in it s type area . Along the we s t ern and nor thern par t s  of  
the b a s in s  i t  i s  c ompo sed o f  more d i s t inc t ly graded beds  o f  sandstone and s i l t s t one 
an d may repr e s en t  a po s i t ion f a r t her out on t he she l f . Whit e  Tail Ridge , eas t o f  
Lookingglass Creek. i s  made up of  the basal  sand a n d  is the type sec t ion o f  the Whi t e  
T a i l  Rid ge Memb e r . T h e  sand s t one grade s  rapidly upward into thin-b edded san d s t one and 
s i l t s t on e  with the s i l t s tone dominant in the upper par t .  The mo re argillac eous beds  
c r o p  out in the upper pa rt of the Flournoy Va l l ey s e c t ion and in Cama s V a l l ey where they 
have b een des i gna t ed as the Camas Va l l ey Member . The s i l t s t one is unconf o rmab l e  b eneath 
the r im o f  Tyee sands t on e  a t  the S igna l Creek Lookout wes t o f  Camas Val l ey . It a l s o  
c ro ps out i n  the Midd l e  Fork o f  t h e  Coquil l e  River and Roc k  C r e e k  beneath and o n  b o t h  
s ides o f  B o n e  Moun t a in and int ermit t en t ly beneath t he Tyee Forma t ion jus t we s t  o f  
S it kum a n d  i n  the north For k o f  t he Coqui l l e  River . 

The Whi t e  Tail  Ridge Memb er o f  the Flournoy Format ion und e r l i e s  the Tyee sand s t one 
a t  the head of Big C r eek wher e  the Camas Valley Member i s  mis s ing . The two f orma t ions 
may b e  told apa r t  by the d i s s imilar types o f  bedding pre s en t . The F l o urnoy bedding i s  
graded whereas t h e  Tye e i s  nongraded. c r o s sbedded and cont a in s  muc h  mor e ma s s iv e  s and
s tone and l e s s  amount s of s i l t s tone . At this po in t on the r id ge b e tween B i g  Creek and 
the Eas t  Fork o f  the Coquille a t  S i t kum , the Tye e  s t r ike s northward to Brews t e r  Rock. 
Coos  Moun t a in ,  and Gold and S i lver F a l l s  whereas  the Flournoy s t r ikes northwe s t er ly and 
t he Camas Va l l ey Memb er is pre sent unconformab ly b eneath the Tyee Forma t ion . The graded 
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b ed s  in the C o o s  Bay area wes t of C o o s  Mo unt a in are Flournoy . They exhib i t  s t eeper d ip s  
t han tho s e  o f  t he Tye e and may b e  traced nor thward pas t  Reed spor t ,  S il tc o o s  Lake , in t o  
t he central C oa s t  Ran ge a long the S iu s l aw ,  Alsea and Yaquina r iver s  wher e  t hey have b een 
previo u s ly map ped as Burpee and then la t er a s  Tye e .  

Sma l l  areas o f  F lournoy s ed imen tary beds  c r o p  out  a long the c oa s t  i n  Fourmil e  Creek 
drainage , a long Bear C r eek , and t he Coqui l l e  River j us t  we s t  o f  the Lampa mine . Baldwin 
has t raced the Flournoy b e d s  nearly to  Sacchi Beach and he c o r r e l a t e s  the beds  at Sacchi 
Beach wi th the Flournoy Forma t ion . Microf o s s il s  f rom Sacchi Beach do n o t  d i f f e r  enough 
f rom e ither the Camas Va l ley Memb er of the Flournoy or the Elkton S i l t s tone to b e  
diagno s t ic . Depo s i t ion was ev idently rapid enough that evo lut ionary c hanges wer e  no t 
s igni f icant and t he f aunas may r e s pond mo re to s e d imentary fac ie s than evo lut ionary 
c hanges in t he rela t ively s ho r t  t ime invo lve d . 

The Tyee is n o t  known to c rop o ut along the coa s t  whe reas the Flournoy i s  t raceab l e  
v e r y  c lo se t o  Sacchi  Beach . There appears to have been a pre-Tert iary p eninsula o r  
barrier o n  t he wes t  s ide of t h e  b a s in a s  f a r  nor th a s  Bandon and po s s ib ly even f a r ther 
north . This appears to have b een a p o s i t ive area again s t  which the Eocene f o rmat ion s 
lapped f r om the eas t .  S ome forma t ions are mi s s ing because o f  e r o s ion , o r  p e rhap s 
b ecaus e  they never extended that far we s tward . Baldwin sugge s t s  t ha t  the Tyee Fo rma t ion 
never extended to the c o a s t  at Coo s B ay or so uthward . 

Dot t  ( 1 96 6 )  has the Sacchi Beach beds  conf o rmab l e  w i th the ove r ly ing Coaledo beds  
and sug ge s t s  that depo s i t ion was  generally cont inuous . From a regional v iewp o in t  t h i s  
i s  the only pla c e  in we s t ern Oregon whe re an unc on f o rmity i s  n o t  p laced a t  t h e  b a s e  
o f  the la t e  Eocene f o rma t ion s s uc h  a s  the Cowlit z , N e s t ucca,  Spenc er and Coaledo . I t  
would b e  rather c o in c iden t a l  i f  Sacchi Beach were t h e  only p la c e  that t hey conform.  I f  
Baldwin i s  c o rrec t that t h e  Tyee , Elkton and Bat emen Forma t ions are  mis s ing t hen there 
s ho uld b e  a maj o r  unc on f o rmity b e tween the beds a t  Sacchi Beach and the Coaledo even 
t ho ugh they may be paralle l . 

On t he b a s is of mic ropaleon t o logical  data the Flournoy F o rma t ion is p laced in the 
Ula t i s ian . 

Lorane S i l t s tone 

The Lo rane S i l t s tone was f ir s t  d e s c r ib ed a s  a member o f  the Spenc er Forma t ion 
( Vokes and o thers , 1 95 1 ) . It was mapped and desc r ibed separa t e ly by Gandera ( 1 9 7 7 ) . I t  
was c o r r e l a t ed with t he upp e r  par t  o f  the Flournoy Fo rmat ion b y  Baldwin ( 1 9 7 5 )  where 
i t  und e r l ie s  t he S p encer Fo rmat ion in Eugene and C o t tage Grove quadran g le s . S imilar beds  
crop  out in  p laces  in  the  Corva l l i s  quadrangle ne ar the t o p  o f  t he F l o urnoy Forma t ion . 

The f o rmat ion is made up of s i l t s tone which c ont a ins ab und an t micro f o s s i l s  in 
p lac e s . Areas underlain by Lor an e  are usual ly val leys b ecause the f o rmat ion i s  mo re 
eas i ly eroded than the ne arby Spencer and Flo urnoy Format ion s . Ba ldwin ( 1 9 7 5 ) considers 
the Lorane to  b e  equiva l en t  t o  the Camas Va l l ey Member of the Flournoy and the beds  a t  
Sacchi Beach and i t  i s  a s s igned a n  Ulat i s ian age . 

Tyee Forma t ion 

The Tyee Fo rma t ion ha s b een d e s c r ibed by many wr i t er s . Unfor t una t ely muc h tha t  ha s 
been writ t en i s  confusing a s  the beds  of the Flo urnoy Forma t ion have b e en d es c r ibed with 
it . The Tyee F o rma t ion get s its name f rom Tyee Mount a in northwe s t  o f  Ro seburg (Diller , 
1 8 9 8 ) . Baldwin ha s t raced the base  of the f o rma tion f rom Tyee Moun t a in to the south end 
of the b a s in wher e  it s t ands above the Ro gue River at Bald Moun t a in Lookout and then 
northward a long the wes t ern edge o f  t he b a s in through Coquil l e  and Coos  r iver drainage s . 
The f o rma t ion is unconfo rmab l e  upon a l l  the older Eoc ene f o rma t ion s and at Han ging Rock 
it  l ap s  again s t  the Juras s ic Rogue Forma t ion . 

Love l l  ( 1 96 9) no ted tha t  the Tye e south o f  a l ine b e tween Coos  Bay and Elkton was 
mas s ive and no t no tab ly a turb idite  but t oward the north int o  t he central  C oa s t  Range 
it contained t hinner but mo re def in i t e ly graded b ed s . The writer agrees that the Tye e  
a t  i t s  type area and f a r ther south i s  mo re mas s ive , c on t a ins l e s s  s i l t , and in p laces  
cont a in s  c r o s sb edded san d s t one with conglomera t e  and coal and that f a r ther no rth the  
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beds  thin somewha t , lose  the ir c o a l  c on t en t  and b e c ome mo r e  graded b u t  does n o t  ext end 
t hem far north  of E lkton . The graded b e d s  Love l l  and o ther autho r s  r e f e r  to are a s s i gned 
t o  the unde r ly ing Flournoy Forma t ion . Bo t h  s ands tone uni t s are micac eous and were l ike ly 
deriv ed f r om t he Klamaths to t he sout h . They d i f f er in s t ra t igraphic po s i t ion and in 
environment of depo s i t ion f o r  the Flournoy is a turb id i t e  and the Tye e  genera l ly depo s ited 
in s ha llow water  nearer t o  shore . The Flournoy b a s in was  f ar mo re exten s ive t han that  o f  
t he Tye e  Forma t ion a n d  f o l d in g  and faul t in g  o f  t h e  Flournoy pr e c ed ed Tye e  depo s i t ion . 

F o s s i l s  are not  numerous in the Tyee Forma t ion b u t  several  prominen t mega f o s s i l  
l o c a l i t i e s  o c c ur near t h e  c on t a c t  o f  t h e  Tyee and ov e r ly in g  E lk t on and t hey have b e en 
compared with the Domengine of C a l i f o rnia . Micro f o s s i l s  are  Ulat i s ian .  

Elkton Fo rmat ion 

The Elkton Forma t ion wa s o r i gina l ly named the Elkton S i l t s t one Memb er of the Tyee 
Forma t ion by Ba ldwin ( 1 96 1 )  but  later workers have treated i t  as a f o rmat ion . I t  
represen t s  a shif t in s e d imen t a t ion toward more argillaceous b e d s  b o t h  upward and t o  
t h e  north . T h e  E l kton is made u p  o f  approxima t e ly 3 , 00 0  f ee t  o f  s il t s tone with l ens e s  
of  ma s s ive s ands tone which r e s emb le t h e  Tyee Fo rmat ion w i t h  which t he f o rma t ion i s  
apparen t ly c on f o rmab l e  and gradat iona l .  Good expo s ures  are pre s en t  along Lut s in ge r , 
Rader and Waggoner c r eeks . 

Micro f o s s ils  are ab und ant and mo s t  autho r it ie s  plac e  it within t he Ula t i s ian or 
lower Nariz ian S tages . 

Bateman F o rma t ion 

The Bat eman Forma t ion was n amed by Baldwin ( 1 9 7 4 )  f o r  the Bateman Lookout .  I t  
o c c upie s  the c en t r a l  par t  o f  the southern Coa s t  Range south o f  E lkton and i t  appears 
there i s  no s igni f ic an t  b reak in Ty ee , Elkton , and Bat eman depo s i t ion . The B a teman 
apparen t ly repr e s en t s  an of f lapping depo s i t ional environment . The B a t eman s and s t one i s  
s imilar t o  the Tye e  in mine ral c ont en t . The beds  are  c r o s s-bedded , curren t - s o r t e d  
depo s i t s , such a s  oc c ur i n  sha l low d e l t aic cond i t ion s . Coaly b e d s  are pre s ent . Upl i f t  
and eros ion apparen t ly pr ec eded enc roac hment o f  t h e  Coaledo and S pen c e r  s eaway s . 

Both mega and mic r o f o s s i l s  are f a i r ly rare but  those present appea r  to b e  more 
c lo s e ly a s s o c iated with the Tyee t han the Coaledo Forma t ion . 

Coaledo Forma t ion 

The Coaledo Format ion oc c upie s a d is t inc t b a s in a long the wes t  s ide of the Coas t 
Range . The fo rma t ion c ontain s  a lower sand stone memb e r  ov e r l a in by a middle s i l t s tone 
memb er and capped by an upp er s ands t one memb e r . The three memb e r s  t o t a l  approximat e ly 
6 , 00 0  f ee t . The lower and upper s and s t on e  memb e r s  are made up of d e l t a ic dep o s i t s  and 
exhib it c hann e l in g , c r o s sb e d d in g  and muc h  var iat ion in l i tho l o gy . Pebbly s and s tone is 
pre s en t  in plac e s  a s  i s  c on s id erab le int ra f o rmat iona l  conglomerate . Coa l i s  pre s en t  in 
b o t h  sands t one memb e r s  b u t  is mor e c o mmon in the upper Coaledo . 

The f o rma t ion r e s t s  unc on f o rmab ly upon a l l  the older C eno z o ic f o rma t ions with the 
exc e pt ion o f  the Tye e , E lkton and Bat eman Format ions whic h are mis s in g  in the Coos Bay 
are a . Within t he c ity l im i t s  of Bandon , the f o rmat ion appears t o  lap again s t  pre
Tert iary beds  in the wes tern po s i t ive area . 

The t h ickne s s  of the memb ers  is n o t  un iform .  Along the ea s t ern mar gin the f ormat ion 
s e ems to thin and the mid d l e  s ilty memb er seems t o  thin even mo re , probab ly b e c ause o f  
int erf ingering w i t h  s and s tone c lo se to  the o l d  shor e l ine . T h e  c on t ac t s  b etween memb e r s  
are probab ly gradat ional throughout t he ba s in . 

Spenc e r  F o rmat ion 

The S pencer  Format ion i s  pre sent along the wes t ern mar g in of t he C a s cades f rom the 
c en t r a l  Anlauf quadrangle nor thwar d  a long the we s t ern edge of the Wil lame t t e  Valley 
(F i gure 2 ) . 
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The Spenc e r  b ed s  app ea r to b e  near-shore c urren t - s o r t ed dep o s i t s  without no t ic eab le 
gradin g . The Spencer con t a in s  mic a c e o us f e ldspathic s and s tone with minor s i l t s tone near 
the base  b ut a l ternat ing beds  o f  san d s t one and s i l t s tone appear higher in the f o rma t ion . 
The Spenc er may b e  d e r ived l ar gely f rom eros ion of the F l o urnoy and Tyee F o rma t ions . The 
S p encer r es t s  unconformab ly upon the o lder format ion s a s  indicated by the p re- Spenc e r  
ero s ion o f  t h e  unde r ly in g  Lorane S il t s t one . In f ac t ,  t h e  Cowli t z , Spencer and Coaledo 
beds  are unconformab l e  thro ughout wes te rn Oregon and only Do t t  ( 1 9 6 6 )  propo s e s  that the 
Coaledo and underly in g  beds a t  Sacchi  Beach are conformab le . This r e l a t ionship has b een 
d i s c us sed p r evious ly in the d i scuss ion of the Flournoy Fo rma t ion . The S p encer Fo rma t ion 
is ove r l a in by f ra gmen t a l  volcan ic mat e r ia l  o f  the F isher Format ion which int e r f inger s  
with t h e  f lows i n  t h e  Anlauf and G l id e  areas . 

Megaf o s s i l s  a r e  ab undant in t he Sp enc er Fo rma t ion and t he s e  have b een c ompared with 
t he Cowl i t z  Forma t ion of Wa shingt on and the Tej on S t age o f  t he We s t  C oa s t  Eocene. Mic ro
f o s s i l s  are present in t he Spenc er and Coaledo Forma t ions and both are a s s i gned t o  the 
Nariz ian S ta ge . 

F isher Forma t ion 

The F ishe r F o r mat ion i s  mad e  up o f  pyroc las t ic ma ter ial which crops out f rom a p o in t  
we s t  o f  Junc t ion C ity s o uth in to t h e  An lauf area where it int er f ingers w i t h  b a s a l t  f lows . 
The f o rmat ion ha s b een d e s c r ibed by Hoover ( 1 96 3 )  in t he Anl auf quadrangle . Flora  in 
the F i sher ind ic a t e  that it is la r ge ly la t e  Eo cene but may ext end in t o  the early O l i go
c en e . 

B a s t endo r f f  Forma t ion 

Eoc ene shale 2 , 9 00 f ee t  thick c rops out at B a s t endo r f f  Beac h ,  it s type sec t ion , on 
the we s t  l imb of the S o uth S lo ugh Sync l ine near Coos  Bay . Ab undan t  mic r o f o s s i l s  have 
b e en examined and a s s igned to the la t e  Eoc ene by ne a r ly a l l  workers a l t ho ugh some have 
c ons idered t he upp ermo s t  part  to be O l igoc ene . 

Tunn e l  P o in t  Forma t ion 

The Bas t endo r f f  Fo rma t ion i s  overlain by t uf f aceous sands t one o f  the Tunnel  Po int 
Fo rma t ion at i t s  type sec t ion ne ar the e a s t  end of B a s t endo r f f  Beac h .  The t rans i t ion 
is ab rup t but appa ren t ly c onformab l e . The upp er part  of the f o rma t ion ha s b e en eroded 
but 800 feet is expo sed in Tunnel Po int , the only known s ec t ion . Mega f o s s i l s  are 
s imilar to  tho s e  in the Eug en e  Fo rma t ion and Armen trout ( 1 9 7 3) p laces both f o rma t ion s 
ent ire ly wi thin t he late  Eo c ene. 

Eugene Forma t ion 

The Eugene Forma t ion i s  p r e s en t  under the southernmo s t  p a r t  of  the Wil lame t t e  
Val ley f rom C o t tage Grove nor thward a long the we s t  edge o f  t h e  Coburg H i l l s  t o  the 
Sa lem area . The f o rma t ion contains t uf f a c eous sands tone and s i l t s tone and may int er
f inger with volc anic s o f  the western Cascades t o  the east . The Eugene f auna has been 
s t ud i ed by Hickman ( 1 9 6 9 )  who c on s iders i t  early O l igo c en e  but Armen trout ( 19 7 3 )  p la c e s  
i t  en t ir e ly within the la t e  Eoc ene . 
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Corva l l i s  

Hwy 1 2 6  t o  coa s t  

0 5 1 0  1 5  

Miles 

Do ra 

Hwy 42  

F igure 1 

ROAD LOG 

As s emb le in the Parking lot at Wi lkinson 
Hal l ,  Oregon S t a t e  C ampus t hen 

p ro c eed a long 2 7 th to Monro e ,  t hen r ight t o  
4 t h  and southward along 99W . 

0 0 . 0  Corner of Wilkinson Hal l .  The geo logy 
o f  the C o rva l l i s  area i s  d e sc r ib ed by 

I 5 Vokes , Mye r s  and Hoover ( 1 95 4 ) . Corva l l i s  
i s  loc a t ed on a lluvial c overed S p enc er sedi
ment a ry rocks and separated f r om the S i l e t z  
River vo lc an i c s  i n  t h e  highlands to  t h e  we s t  
b y  a p rominen t f aul t . 

0 1 . 6  The Philoma th road turn s to the r ight 
and the Mary s River b r idge is j us t  

ahead . Coun t ry C lub hil l t o  the wes t  i s  made 
up of S p encer beds . Mary s Peak wil l  be on 
the wes t e rn s ky l in e  f o r  s everal mile s . I t  is 
capped by a gabb roic s i l l . 

At Greenb erry a road leads to the wes t  
t o  Alsea . The val ley i s  c overed by 

a l luvium , the lower s lopes  exp o s e  S p encer 
beds but the top  o f  the h i l l  i s  capped by a 
gabb ro s i l l . 

1 0 . 4  Winkle But t e  is located  to the eas t . I t  
i s  composed o f  O l igo c ene s and s t one 

with a smal l  in trus ive body . The s e d imentary 
rock is p robab ly equiva lent to the Eugene 
Forma t ion . 

1 2 . 0  The hi ghway i s  upon a l luv ium but  the 
low ridge tha t t r ends app roxima t ely S .  

7 0  W .  is  held up by a d ike tha t reaches f r om 
t he a l luv ium to Green Moun t ain , a larger 
int ru s ive body . 

1 7 . 0  The road to Glenbrook goe s t o  the 
r i ght (we s t )  and the Long Tom River 

para l l e l s  the h ighway to the eas t . The r id ge 
to the southwe s t  (we s t  o f  Monroe)  is fo rmed 
by a gabb roic int rus ive into the Sp enc er 
Fo rmat ion . 

1 7 . 9  North Mon roe c i ty l imit s .  A b r i c k  
f a c t o ry u t i l iz ing loc a l  c lay i s  t o  the 

ea s t .  

1 8 . 6 Highway 9 9  W t urns eas tward acro s s  the 
Long Tom River but the traverse c on

t inues southward on the Terr i t o r ia l  Road 
which is a l s o  known a s  the App le ga t e  Trail . 
The h i l l s  ahead on the wes t are of Spencer 
capped by a gabbroic  s i l l . 

2 3 . 2 Ferguson Creek b r idge . The area south 
o f  he re t o  a po int south o f  Lorane ha s 

been mapped by Gandera ( 1 9 7 7 ) . He s howed 
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the areal extent o f  the Lorane S i l t s tone . 

2 4 . 4  Cox B ut t e  road goes eas tward . 

2 4 . 9  Cox But t e  c emet ery i s  on the e a s t  s ide of the road . The eas t  s ide of the b ut t e  i s  
made u p  of F i sher Forma t ion r e s t in g  o n  S p encer b e d s  which c r o p  o u t  along t h e  main 

road . 

2 5 . 2  Bear C reek b r id ge . Uppe r  Bear C reek is the p irated b r anch o f  the Long Tom River . 
The f o rmer va l l ey para l l e l s  Hi ghway 36 (Baldwin and Howel l ,  1 94 9 ) . 

2 5 . 45 The Hi gh Pas s road leads to Blachly to the wes t  and to Jun c t ion C ity to t he eas t . 

2 7 . 25 Jo in Highway 3 6  and t urn le f t  for  a s hor t d i s tance t hrough Cheshire . The h i l l  
ahead i s  Sp enc er Format ion int ruded by gabbroic d ike s . 

2 7 . 5  Af t e r  go ing through Cheshire t urn r i ght ( s outh) . The S p encer Forma t ion crops  out 
along this  road . 

2 8 . 5  Roadcut a t  s l ight turn is whe re Voke s and o thers ( 1 95 1 )  reported S p enc e r  f o s s i l s . 

2 9 . 4  The tuff aceous b e d s  to the right are pr obab ly s t i l l  a part of the Spenc er Forma t ion 
but they resemb le the F i sher Format ion in l i t ho l o gy and t extur e . To the eas t is an 

int rusive b ody that ha s been quarr ied and the p i t  is p ar t ly f il led with r e f us e . 

3 0 . 1  Road j unc t ion in F ranklin by chur c he s  and grange ha l l  (Fig . 2 ) . 

3 1 . 5  Kirk road run s  eas tward along the nor t h  side o f  Richardson But t e .  The but t e  i s  
made u p  of S p encer b e d s  cut  by a n  e a s t  d ip p in g  gabbr o ic s i l l  which crops  out near 

the wes t  end o f  Fern Ridge dam . Hil l s  to  the we s t  a r e  thin-b edded Flournoy beds which 
are mo re s i l ty t han usual ( Gandera , 1 97 7 ) . 

32 . 6  Road eas tward t o  Fern Ridge dam along the south s id e  of Richard son But t e . 

3 3 . 6 Fern Ridge Reservoir is loc ated t o  t he eas t . The road is on P l e i s t o c ene terrace 
mat er ia l  t o  a p o in t  south o f  Venet a .  

36 . 9  Elmira High School i s  loc ated on the lef t . 

3 7 . 1  Hi ghway 2 6  ( a l s o  known a s  Rou t e  F )  go e s  we s t  f rom this po in t  and the Long Tom River 
b r idge is  j us t  ahead . T he road wes tward is on P l e i s t o c ene a l luvium f o r  s evera l 

miles , then as t he va lley narrows weathered F lournoy b e d s  are exposed . Jus t b eyond No t i  
f re s her out crops  o f  F lo urnoy s and s t one crop out . The Long Tom River former ly f o l lowed 
Poodle Creek t o  it s j unc t ion with Coyo t e  C reek and No t i  C reek b e f o r e  turning wes tward 
f o l lowing Wildcat C r e ek t o  the S ius law River (Baldwin and Howe l l , 1 94 9) ( F i g . 2 ) . 

3 8 . 0  Road j unc t ion with·  road to Eugene to the eas t . The railroad and Vene t a  l i e  j us t  
ahead . The area i s  under lain b y  P l e i s t o cene t errace depo s i t s  which a r e  wea t hered 

and eroded to r o l l ing topo graphy . 

Geo logy Building , Un ive r s ity of Oregon . Proceed to Frank l in B lvd . , t hen 
wes tward on 1 1 th Avenue without turning to Vene t a . The c i ty of Eugene i s  
loc a t e d  o n  a l l uvium and t h e  Eugene Forma t ion o f  la t e  Eocene- ea r ly O l igoc ene 
age cut in p la c e s  by d ike s and s i l l s  (Voke s , Snave ly and Mye r s , 1 95 1 )  ( F i g . 
2 ) . 

00 . 0  Back of Geo logy buildin g .  

0 3 . 9  Bai ley H i l l  road goe s t o  t he south . Wa l lace But te i s  o n  the north ( r ight ) . I t  i s  
mad e  o f  wea t hered Eugene sand s t one which was p ro c e s sed f o r  foundry s and and ao l in 
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during Wo rld War I I . The p i t  is loc ated at the wes t  end of the b u t t e . Turn a t  this  
p o in t  then f o l low S t ewar t  Avenue t o  the pond tha t f i l l s  t he s and p i t . 

05 . 2  B e l t l ine road goes to the r ight . I t  i s  a l luv ium ne arby but the concealed Eugene
F is he r  c ont a c t  is  near he re and should b e  f o und in t he hills  to the south ( F i g . 2 ) . 

0 7 . 0  Greenhi l l  road l ead s northward to the a irpo r t  and southward to the C row road . 

0 7 . 7  Rai lroad overp a s s . Voke s and o the r s  ( 1 95 1 )  s how the Eugene beds  faulted again s t  
t h e  F is he r  Format ion to t h e  north and a l s o  t o  the south . 

0 9 . 5  F isher But t e  quarry i s  loc a t e d  to the r i ght in a hill  t ha t  ha s been largely re
moved for  crushed roc k .  The F i sher Forma t ion is  s a id to  have derived its name 

f rom this  b u tt e .  Mo s t  of t he F i sher Fo rmat ion is made up of pyroc las t ic ma t e r ia l  but  
there  are a f ew ven t s , f lows and d ike s . 

1 0 . 2  Coyo t e  Creek b r idge and southe a s t  c o rner o f  Fern Ridge reservoir . 

1 1 . 4  Central road leads to t he s outhwe s t  to Crow over a l luv ium then Flournoy b e d s . 
P erkins P en in s u la to the r igh t ha s a sma l l  outcrop of Spenc e r  near the wat e r l ine . 

1 4 . 4  Ac r o s s  P l e i s t o c ene a l l uvium that ha s b e en weat he r ed and eroded . This is the 
j unc t ion with the Territoria l  Road and traverse from Corva l l i s . Proc eed southward 

through Veneta . 

3 8 . 0  ( S ee t rave r s e  f rom Corva l l i s ) - This i s  the Eugene turno f f . Proceed southward 
t hr ough Vene ta . 

40 . 8  End o f  a l luv ium and s t ar t in g  up the h i l l  in Flournoy b ed s . 

4 1 . 9  C r e s t  o f  the h i l l  in Flournoy Forma t ion . 

42 . 6  Crow s to r e  with Central  road from l e f t  and road to Vaughan and wes tward to the r ight 
The road to Vaughan and No t i  c ro s s e s  an impercep t ib l e  pa s s  over which Coyo t e  Creek 

used to  f low int o  No t i  Creek . There are s everal gabb roic int rus ions b e tween Vaughn and 
No t i  where the va l l ey na rrows cons iderab ly but o the rwis e  the va l l ey is c u t  in Flournoy 
beds  ( F i g . 2 ) . 

4 3 . 5 C row road j un c t ion which leads back to Eugene . The traver s e  proceeds  southward . 

4 3 . 8  Wo l f  Creek road to the r i ght leads t o  the Oxbow on the S ius law River and ove r  t he 
Oxb ow burn t o  Smith River and to the coa s t  a t  Reed spo r t . The road exp o s e s  only 

Flournoy beds . A d ike t o  the right o f  this j unc t ion ha s b een quarried s howing Flournoy 
along the wa l l s  and t he d ike crops  out at the back end . I t  has been par t ia l ly f illed 
during nearby logging . 

4 6 . 0  Doane Road goe s to the le f t  t oward Eugene . At t he top of the hill  it c r o s s e s  a 
p rominen t  d ike tha t run s  f o r  miles  through the Flournoy , Lorane , Spencer and 

F i sher Fo rmat ions . It has b een quar r ied to  the we s t  and now p r e s en t s  a series  of pit s 
( F i g .  2 ) . 

4 7 . 3  The loca t ion o f  the o l d  Had leyv i l le school and t urno f f  to the le f t  of the B r iggs 
Hill  Road . Flo urnoy makes up t he h i l l s  on bo th s id e s  of the B r iggs H i l l  j unc t ion 

but the open val l ey ahead b o t h  up Briggs Hill Road and to the south is carved in the 
Lorane S i l t s tone . 

4 8 . 5  A nar row dike , perhap s 8- 1 0  f e e t  thic k ,  c r op s  out on the p o int j us t  south of a barn 
on t he l e f t  (eas t ) . 

5 0 . 6  Gillespie  C o rners  and the Lorane Ro ad lead back to Eugene on the eas t . A d ike c u t s  
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the S p encer b e d s  1� miles to t he ea s t  but the 
main road south i s  s t il l  in Lorane b ed s . 

5 3 . 1 Haw road t o  the e a s t . I f  one go e s  up 
Haw road Lorane give s way to Spencer 

t hen about 2 miles to  the eas t the road 
c r o s s e s  a fault  int o  the Fishe r  ( s ee F i g . 2 ) . 

5 3 . 9 S ummi t  o f  p a s s  b etween Coyo t e  and 
S ius law drainage . P a s s  is pre sen t he re 

because of a d ike which cut s t he Lorane b ed s . 
Rel a t ively f re s h  Lorane may b e  s e en next t o  
t he d ike . 

5 6 . 5  In Lorane a t  the road j unc t ion with t he 
S ius l aw Rive r road . I t  is a l l  

Flournoy b e d s  t o  t h e  wes t  and Lorane b e d s  
b en ea t h  the val ley e a s t  o f  Lorane . 

5 7 . 7  Leaving t he a l l uv ium and s t a r t ing t o  
c l imb h il l .  The pavement end s . 

5 8 . 8 Summit which is in weathered Flournoy 
b ed s .  

62 . 9  S e e l ey C reek j o in s  Pheas an t  C reek and 
a l l  beds  exp o s e d  are Flournoy . 

6 3 . 7  Old Highway 99 with the p r e s en t  high
way . 3  mile ahead . 

64 . 2  Good out c r o p s  o f  graded Flournoy sand-
r., s t one are  exposed in the road c ut s . 

6 7 . 1  Sand Creek b r i d ge and good outcrops  o f  
F lo urnoy s and s t one c rop out h e r e  and 

f o r  a f ew mile s . 

6 8 . 4  The road t o  the r ight go e s  to Smi th 
River t hrough Flournoy b e d s . 

7 0 . 6  Main road j unc t ion in D r a in . Ros eburg 
basalt c r o p s  out in south edge o f  town 

and in the narrow val l ey to the south along 
Highway 9 9 .  Good exp o sures o f  graded F lour
noy c rop out along the h ighway that leads to 
the c o a s t . Cont inue wes tward . 

7 1 . 7  Hayhurs t  road lead s southward . Turn 
lef t and c r o s s  E l k  Creek and b eyond 

t he a l luv ium the t r averse  ent e r s  t he Ros e
burg Forma t ion . S ome tuf f a c eous s e d imen tary 
b e d s  are on top of b a s a l t  which make s up the 
narrow valley t o  the south . No p i l l ows wer e  
ob served a n d  t h e  f low s t ruc ture indic a t e s  

+ probab le subaerial extrus ion . T h e  An lauf 
and Drain quadrangles  wer e  mapped by Hoover 
( 1 9 6 3 )  ( F i g . 3 ) . 

7 3 . 6 Basa l t  i s  p r e s en t  along the road but a 
large quarry at c r eek mouth to the wes t  
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shows subaerial b a s a l t  f lows . 

7 6 . 0  Ske l ly ro ad go e s  to the r ight . F lournoy b e d s  are expo sed up the road . Turn t oward 
Yonc a l la . 

7 7 . 8  S ummit in F lo urnoy beds  but Ho over ( 1 96 3 )  shows the contac t j us t  e a s t  of the s ummit 
with Ro seburg ( Umpqua )  b e d s . The Ro s eburg i s  thinne r  b edded s and s tone and s i l t s t one 

and lacks the mica and p lan t f ragmen t s  c ommon in the Flournoy and Tyee f o rmat ion s . 

80 . 8  In tersec t ion with H ighway 9 9  in Yonc a l l a . 

8 3 . 6  In t e r s ec t ion with U . S .  Highway I-5 . The Red H i l l  ant ic l ine l ie s  t o  the eas t . 
Basalt  quar r ie s  may b e  s een f r om he r e  and ov e r ly ing tuffac eous b e d s  d ip nor t hwe s t 

war d  away f r om t h e  center o f  t he ant ic l ine ( F i g . 3 ) . 

8 9 . 4  The highway c r o s s e s  the p l un ging end o f  the Red H i l l  ant ic l ine with Turkey H i l l  to  
the southwe s t . Basal t , which appears  t o  have s ome p i l low s t ruc tures , i s  exp o s ed in 

t he c enter . 

8 9 . 8  B lack s i l t s t one d ipp ing 3 9- 35 de grees  southeas tward is the b a s e  o f  a thick homo
c l inal s ec t ion . A l though cons iderab le d i s tanc e s  are unexposed  there may be a s  

muc h as  8 , 000  f e e t  o f  s e d imentary r o c k  if a f a i r ly c on s t an t  d ip i s  a s sum ed . 

9 3 . 0  Long area without expo sure s t hen cut s o f  graded Ro s eburg s ands t one and s i l t s t one . 

9 3 . 4  Turno f f  to Oakland and the south end of high c u t s  o f  graded Roseburg beds . 

94 . 3  Overpa s s  acros s the highway i s  near t he center of a sync l in e . 

95 . 3  Ca lapooya Creek b r idge . The b e d s  ahead d ip nor thwe s te r ly . The t ree-covered r idge  
on t he s ky l ine to  the we s t  is the  Ty ee e s c arpmen t . 

96 . 2  Top o f  the Oakland an t ic l ine is in graded Ro s eburg b e d s . The b ed s  gradual ly r o l l  
over a n d  d ip gen t ly southea s twar d . T h e  s t ru c t ure i s  asymme t r ic a l  w i t h  s t eeper 

b e d s  on the northwe s t . 

9 8 . 7  Af t e r  pa s s in g  by the wes t ern edge o f  Suthe r l in t ake the f ir s t  overpa s s  south and 
c r o s s  over I-5  to Highway 9 9  on t he eas t  and f o l low the s i gn s  to W i lbur . Proc eed 

southward paral l e l in g  ma in h ighway . 

1 0 0 . 1 Thin-b edded dark gray Ro s eburg beds  crop out along I-5 . At the east  end o f  road to 
the eas t a t  Deady s id in g  there i s  a quarry tha t produced sand s t one f o r  the o l d  bank 

buildin g  in Suther l in and r eputedly for the o ld S t a t e  Cap i t o l  building that burned in 
Sa l em .  

1 0 2 . 5  Nor th l imit s  of Wilbur with Cole s Va l l ey road t o  the wes t . The h i l l  eas t o f  
Wilbur i s  made up o f  b a s a l t -p ebb le c onglomerate which res t s  on basa l t . The con

glomerate seems to  b e  o f  loc a l  d e r iv a t ion and is cons idered to b e  a p a r t  of the Ro s ebur g ,  
p erhaps f o rmed near an is land soon a f t e r  extrus ion . 

1 02 . 9  Turn wes t  on Garden Val ley road and go under Highway I-5 . I f  one c on t inue s south on 
Highway 9 9  a f ew yards , a road to the e a s t  leads a long the north b ank of the No r t h  

F o r k  o f  the Umpqua River t o  G l id e . P i l low basalt  i s  c ommon a l o n g  the r o a d  to  G l ide . 

1 0 5 . 1  Mouth of S uther l in Creek and t urn to the r ight paralle l ing the Ump qua River . 

1 0 5 . 6  P o int above t he r iver exp o s e s  angular b asa l t ic brecc ia in a large channel which is  
p o s s ib ly a s ubmarine s lump depo s i t . I t  is ov erlain by r ipp l e-marked sand s t one . 

F iner graine d s i l t s tone i s  p re sen t along the we s t  edge of the channe l .  

1 0 7 . 0  P i l low b a s a l t  is p r e s en t  in a sma l l  out c rop near the t op o f  the t errac e . 
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Figure 5 .  Closely folded Roseburg beds along the north side of the Umpqua River 
north of hloodruff Mountain. (mileage 1 1 3 . 0) 

107 . 7 Road 31A goes to the left to Roseburg but proceed straight ahead passing by the 
north edge of Coyote Hill. 

1 08 . 1 Conglomerate of the Bushnell Rock Nember of the Lookingglass Formation is present 
along the road and underlies the south-dipping beds of Lookingglass in Coyote Hill. 

This is the first Lookingglass outcrop encountered and the contact continues west under 
alluvium to a point near \.Joodruff Hountain (Fig. 3) . 

109. 1 Road junction but bear to the right. Basalt in the hills ncar the j unction show 
that the traverse is back into the Roseburg Formation. 

1 10. 4 Cleveland Rapids road leads to the left with graded Roseburg sandstone and silt
stone cropping out in the nearby cuts. 

1 1 1 . 4 Nassive sandstone ahead and t o  the right near a small creek doesn ' t  fit with the 
steep beds just seen . \.Je are nearing the Bonanza thrust and these beds may be 
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thr u s t  Ro s eburg sands tone o r  onlap p in g  Lookingglas s beds . 

1 1 3 . 0  The r iver swings  c lo s e  to the r oad a t  t he end o f  a long cut s howin g c lo s ely fo lded 
thin-bedded Ros eburg beds ( F i g . 5 ) . The graded beds are c lo s ely f o lded and in 

p lac e s  s l ight ly t hrus t .  The s e  beds may b e  j us t  b eneath the Bonan z a  t hr u s t  which p roj ec t s  
into the v ic in i ty . 

1 1 5 . 6  Thin-bedded Ros eburg b e d s  are exp o s ed in C alapooya Creek . N o t e  Tyee Moun t a in 
ahead to the nor thwes t  wher e the  name f o r  the Tye e Format ion was der ived . The 

large vall ey is c a l led C o l e s  Val ley . 

1 1 6 . 0  B ridge over Calapooya C r eek with thin-b edded Ros eburg beds  expo sed , p a r t icularly a t  
low wa ter . At the r o a d  j unc t ion ahead t urn le f t  to  t h e  b r idge ove r  t h e  Ump qua . The 

relocated Umpqua s t o re and p o s t  of f ic e  is about � mile to the e a s t  of this j unc t ion . D i p s  
i n  the Ro sebur g  do n o t  c onf orm wi th th o s e  o f  t he mo re gen t ly d ipp in g  Tye e sands tone highe r 
on t he moun t a in . 

1 1 6 . 5  North end of Umpqua Riv e r  b r idge and the mouth o f  C a lapooya Creek . This was the 
loc a t ion of the o ld Umpqua s t o re and p o s t  o f f ice . Thin-b edded Ro s eburg beds  are 

exposed  a long the r iver . Fart her down s t r eam near the f ir s t  b end a d ike p r o t rudes f rom 
the nor t h  b ank . Before reaching the Tye e s ome sand s tone beds  o f  int e rmediate  texture 
and comp o s i t ion may b e  F lournoy b etween the Ros eburg and the Tyee f o rma t ions . 

1 1 7 . 5  Turn l e f t a t  the road j unc t ion . The road ahead goe s  a long the south b ank o f  t he 
r iver to Hubbard C reek which i s  f lowing in a val ley c u t  in the s i l ty Hubbard Creek 

Member o f  the Tyee F o rma t ion . A sma l l  knob a long the Hubbard Creek road about 3 / 4  mile 
from this j unc t ion is the l oc a t ion o f  t he Coles Val l ey wel l  s t a r t ed by D ouglas County 
res iden t s  and deepened by Union O i l  Co . I t  wen t approxima t e ly 7 , 5 00 f e e t  and reputedly 
encoun t ered s t eep ly d ipp in g  b ed s . 

1 1 8 . 6  C o l e s  Val l ey c eme t e ry is on the p o in t  to the r i gh t . S t eep ly d ip p ing Ro s eburg beds  
c rop o u t  in  the h i l l  back o f  the c emete ry and s t r ike southwes tward beneath the  

Tye e  scarp . 
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F igure 6 .  Geo logy o f  the Cow Creek area along the Canyonv ille  fault z one . 
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1 1 9 . 6  Joel son road go es toward the s carp but s t e ep ly d ip p ing Ros eburg beds  are exposed a t  
j unc t ion . 

1 2 0 . 5  The Bureau of Land Management road to the wes t  c l imb s to the top o f  the Tyee s carp . 
I t  go e s  p a s t  land s l ide d epr e s s ions near the b a s e  o f  the scarp . Woodruf f Moun t a in 

to the l e f t  has s t eep d ipp ing Ro s eburg beds  a long the r ive r . However , ma s s ive conglomer
ate on the south s ide of the moun tain may b e  onlapp ing basal  Lookinggla s s . The Looking
glass b e d s  a long the south edge of Wo odruf f Moun tain s t r ike wes t e r ly and d i sappear 
b eneath t he Tye e  e s c a rpment . They do no t crop out to  the nor t h .  

1 2 1 . 5  Woodruf f road o n  south s ide o f  Woodruf f Mo un t a in c u t s  bedded c onglomerate  o f  the 
Bushn e l l  Roc k  Memb er of  the Lookingglass  Forma t ion . The h i l l  ahead is  a l s o  

Lookinggla s s . 

1 2 2 . 9  Heydon road goes t o  r ight and the o l d  C leve l an d  school ( r enovated f o r  hous ing )  is 
to  the le f t  with C leveland ceme t e ry j us t  ahead . C leve land rap id s , in the r iver , 

is a sho r t  d i s t anc e to t he ea s t . 

1 2 3 . 4 C l eveland H i l l  road to t he right is a sho r t  c u t  to Mel r o s e  but c on t inue to t he le f t  
para l l e l ing the r iver . 

1 25 . 8  The North Fork o f  the Umpqua River j oin s oppo s i t e  this p o in t  with Lookinggl a s s  b e d s  
a l o n g  t h e  road . 

1 27 . 7  Me lrose  s tore and road j unc t ion with t r averse turn in g  to the r ight . The Mel r o s e  
we l l , s t a r t e d  i n  Lookinggla s s , i s  loc a t ed a shor t d i s t anc e t o  t h e  lef t  ( ea s t )  

opp o s i te the s c hoo l .  I t  wa s b e gun b y  loc a l  residen t s . 

1 2 8 . 4  Top o f  the h il l . Beds are coarse s and s t one with s ome f ine c ong lomera t e . 

1 2 8 . 7  Doerner road leads to the Tye e  e s c a rpment and goe s  pa s t  the f o rmer s it e  of the 
Landers  L . O .  along the r im (burne d )  and to  the Baughman L . O .  near the head of 

Hubbard Creek . Beds under the lookout f o rm the upp er , Baughman Memb e r , o f  the Tyee 
Fo rmat ion and Hubbard Creek o ccup ie s the less r e s is ta n t  Hubb ard Creek Memb e r  o f  the Tyee . 

1 2 9 . 5  Turn to t he r i gh t  a t  this road j unc t ion . 

1 3 1 . 7  The Do erner road cuto f f  goe s to the r ight . The coarse  s and s t one ahead should b e  
near t he b a s e  o f  t he F l o urnoy Fo rmat ion . W e  cro ss  a low div ide in to Flournoy 

Va l ley . The b e d s  f o rm a gen t le d ip s lope f rom Whi t e  T a i l  Ridge , the b a s a l  member of the 
Flournoy , to t he valley which i s  c arved largely in the C amas Val ley Memb er . The Tyee 
Format ion ove r l ie s  s i l t s tone of the Camas Val ley Memb e r  without notab le d i s c o rdanc e . 

1 35 . 8  Turn to the le f t  a t  this  road j un c t ion and p ro ceed down Lookinggla s s  C r e ek through 
the Whi t e  T a i l  Ridge sandstone memb er o f  t he F lournoy . The road to Re s t on go es  t o  

t he r ight ac ro s s  t he c r e e k  and then wes tward . 

1 3 8 . 2  Road j unc t ion wit h the road to the r i ght lead ing to Tenmile b u t  cont inue s t ra ight 
ahead to  Lookingglas s .  The roadcuts b eyond this j unc t ion appear t o  b e  in Ro s eburg 

which imp l i e s  t ha t  i t  is in fault  cont a c t  with the Lookinggl a s s  which make s up the 
sout hern par t of  the va l ley . Near this p o in t  the Lookingglass may have been r emoved and 
t he Flournoy res t s  d i rec t ly on the Ro seburg as it  does j u st  eas t  of Re s t on . The val l ey 
in general is c overed by a l l uvium . 

1 3 9 . 5  Lookingglas s s tore and p o s t  of f ic e  a t  road j unc t ion . Turn r ight t oward Brockway . 

1 40 . 3  Beyond Lookingglass the valley f loor is covered by alluvium .  A wel l  near this  road 
j un c t ion p enet r a t ed t he Tenmil e  Memb er o f  the Lookinggla s s . At j un c t ion t urn lef t 

toward Brockway . 

1 4 1 . 5  Smal l  quarry in con glomerate  to t he le f t  is in t he Bushne l l  Roc k  Memb er o f  Lookin g-
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glass  near i t s  top whe re it grades upward in t o  the Tenmile Member . The pebb le s , by their 
var ie ty o f  comp o s i t ion s and textur e s , s how tha t  they were d e r ived f r om the Klama th High
land s . A f ew f o s s i l s  have been f o und he re . B eyond this p o in t  the ma s s ive c on glomerate 
in p lac e s  rests  on s t eeply bedded Ro s eb urg . 

1 42 . 6  Happy Val ley j unc t ion with trave r s e  cont inuing to the r ight south acro s s  Looking
gla s s  C reek . Lookinggla s s  c onglome r a t e  f o rms r idge t o  the north but Ro s eburg f l ows 

and sedimen tary beds  und erly valley . Happy Va l l ey is underlain by Ro seburg f lows and 
sedimen tary beds . 

1 42 . 9  C u t s  j us t  south of the c reek have p i l low lava s and int erbedded v e r t i c a l  s e d imentary 
bed s . The beds  are  ove r l a in t o  t he south by Lookinggl a s s  c onglome ra t e  in Alexander 

But t e  and to  the nor t h  by the same c onglome ra t e  tha t  r ims the south s id e  o f  Lookingglas s 
Va l ley . I t  undo ub t e d ly j o ined in an an t ic l in e  which wen t ove r  the s t eep beds  and f lows 
at this cut . This should prove the exi s t ence of a prof ound oro geny a t  the end o f  the 
early Eoc ene when the Ros eburg Forma t ion was c los ely f o ld ed p robab ly a s  a subduc t ing 
oceanic plate c omp r e s sed the s trata aga ins t the c on t inen t . The top s o f  the folds were 
eroded prior t o  the arrival o f  the onlapp ing basal conglomera t e  o f  the Lo okingglass  
Fo rmat ion . 

1 4 3 . 5  B r idge ove r  Lookingglas s Creek which i s  j us t  b eyond turno f f  a t  Swan road which 
leads t o  Alexander But te ( a l s o  c a lled Swan But t e ) . Ba s a l t  i s  p r e s ent both up and 

down s t ream . 

1 4 3 . 9  Long l ow cut  s howin g mos t ly a l luv ium . Near the c enter  sheared serpen t in i t e  is 
presen t  along a p rominen t  f aul t tha t  drops the Ro seburg again s t  p re-Tert iary b eds . 

The re lat ion ship is d if f icul t to see because of alluvium c overing outcrop . Thi s  fault  
goe s  thro ugh the Wild  L i f e  Safari and may b e  termed the "Wild l i f e  Safari  Fault . "  

1 44 . 2  L ight gray f eldspa thic ma s s ive sands tone by Clear  Tree D r ive . Bedding is very 
d i f f icult to det ermine . This fac ies is a s s igned to the O t t e r  P o in t  Fo rma t ion and 

is c a l led the "Hoover H i l l  fac ies " f o r  it a l s o  c ro p s  out in Hoover H i l l  to the we s t . 
Alt hough this  rock type is no t p roved to be O t t e r  P o in t  i t  s e ems to b e  a part of that 
comp lex un it . S imilar l i t ho l o gy ha s been found a t  Sugarloaf Moun t a in in the Power s  
qua drangle by Ba ldwin and He s s  ( 1 9 7 1 ) . 

1 5 0 . 0  Turn r igh t t oward Brockway . 

1 5 0 . 8  Brockway i s  loc a t e d  a t  j unc t ion wi th Hi ghway 4 2 . Proceed s outh toward D i l lard . The 
beds  are pre-Tert iary near he re . 

1 5 1 . 9  Ken t C r eek with a11 O t t e r  Po in t  beds  be tween Brockway and he re . 

1 5 2 . 2  B r idge over the South Fork of t he Umpqua River where t raverse  j o in s  H i ghway 9 9 . 
Turn r ight p roc eed ing genera l 1y s outhward pa s t  the Jarge Ro s eburg Lumb e r  Company 

mi1 1 . Al l. the beds b ene a t h  the a l luvium are a s s i gned to the O t t er Po int Fo rma t ion o f  
La te Jura s s ic age . 

1 5 4 . 9  C ro s s  the South Fo rk o f  the Umpqua and proceed a c ro s s  a l l uvial f 1a t  southward . 

1 5 5 . 8  Round Va l 1 ey , a Jarge c ut o f f  me ander , is a c ro s s  the r iver to the J ef t . 

1 5 6 . 3  Ro ad to the le f t  c ro s s e s  the r ive r to the f reeway but cont inue southward on Hi ghway 
9 9 .  

1 5 6 . 8  High c u t s  o f  Ot ter P o in t  sedimen tary rock c rop out along the hi ghway . 

1 5 8 . 7  Ent ering f reeway and s t i l l.  in O t t e r  P o int b ed s . 

1 6 0 . 5  Boomer Hill  road leave s to the r ight . A green s t one hummo c k  j us t  ahead looks l ike a 
detached b 1 o ck of Rogue Forma t ion but may b e  green s t one of the O t t er Point Fo rma-
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t ion . 

1 6 1 . 6  Serpen t in i t e  in a very high cut . I t  is c u t  by s everal d ior i te d ikes . 

1 6 1 . 7  Ent e r in g  the Ridd l e  Forma t ion wh ich is the o lder of the Myr t le Group . The Riddle  
Format ion is made up  o f  wel l  r ounded and sor ted  c he r t-pebb l e  conglomerate and 

some s an d s t one an d s i l t s ton e . It is ove r l a in by the Days C reek Forma t ion , the upper part 
o f  the Myr t le Group . The Ridd le i s  Jura-C r e t ac eous whereas the Days C reek is Ea r ly 

Cretaceous . The Ridd le c on t inues a long the h ighway beyond the t urno f f  to Myr t l e  Creek . 

1 6 3 . 7  C r o s s  the r a i lroad onto Missour i Bo t t om ,  an a l luvial f la t , and onto t he Riddle  
Fo l io ( D i l l er and Kay , 1 92 4 ) . 

1 6 7 . 1  Turno f f  to Riddle to the r ight (we s t ) . N ickel Moun t a in is north  o f  Riddle but 
c ont inue southward on Highway I - 5 . 

1 6 8 . 1 High c u t s  o f  s t eep ly d ipp ing b e d s  and volcanic rock which are  p robab ly a part  of 
t he Otter P o in t . 

1 6 8 . 6  South Fork o f  the Umpqua b r idge j us t  b eyond turno f f  to Gaz ley . 

1 7 1 . 5  Turno f f  into Canyonville and j unc t ion with road to Riddle  j us t  ahead . The f ir s t  
day ' s  trave r s e  end s a t  this po in t . Dr ive in to C anyonv i l l e . The t r ave r s e  resume s 

a t  this p o in t  tomo rrow . 

1 7 1 . 5  The p o in t  whe r e  the t urno f f  f rom I - 5  me e t s  the Canyonvi l l e  t o  Ridd le road . Pro-
ceed t oward Riddle . Canyon Mo un t a in to the south is made up o f  the Ro gue 

Fo rma t ion which ha s b een thrus t northwe s t e r ly ove r  the D o t han Forma t ion . The Ro gue 
was d e f o rme d with the Gal ic e  Fo rmat ion dur ing the L a t e  Jura s s ic Nevadan Oro geny but 
t hru s t in g  c ame la t er and may have c on t inued un t i l  t he end o f  the la t e  E o c en e . 

1 7 4 . 8 Good expo sures o f  Ridd le con glome r a t e  and sands t one are  p r e s en t  in the c u t s . 

1 7 6 . 5  Cow Creek b r idge is ahead and the Glenb rook loop road go e s  to t he we s t  a long the 
south s ide o f  Cow C reek . We proc eed t hrough Ridd l e  to  the ma in Cow C reek road 

which run s  a long t he nor th s ide of the va lley . D i l ler and Kay ( 1 9 2 4 )  mapped t he Riddle 
as Knoxv i l l e  and the Day s Creek a s  Ho r s e t own .  The northwes t e rn c o rner o f  the C aynonv i l l e  
quadrangle wes t  o f  Ridd l e  h a s  b e en map p ed by Cornel l  ( 1 9 7 1 ) . 

1 7 7 . 3  Ma in Cow C reek road and the t raver s e  t urn s lef t (we s t )  (Fig . 6 ) . 

1 80 . 3  N ickel Sme l ter road t urns to the r ight but we cros s railroad and c on t inue wes t  up 
the va lley . The sme l t e r  ob t a ins i t s  o r e  f r om the top of N ickel Moun t a in and i s  

p ro c e s sed by t he Hanna Nickel Co . 

1 80 . 8 Glennb rook loop r o ad j o ins f rom the south s ide of Cow Creek . Cont inue wes tward . 

1 8 1 . 4  Thin-b edded sediment ary beds in c r eek may b e  Day s  C reek . Any Umpqua of D i l ler and 
Kay s e ems to  be the Lookingglass and the s e  beds  do not f i t  in unl e s s  t hey are a 

part  of the Ro seb urg Forma t ion and b eneath the Lookinggla s s . 

1 82 . 3  A sma l l  rapids and f a l l s  drop p in g  ove r  ma s s ive beds  of conglome r a t e  c o inc ide with 
a dec ided narrowin g o f  the va l ley . This is a good place  f o r  examining the p ebb l e s  

o f  the Bushn e l l  Roc k  Memb er derived from t h e  Klama t h  Highlands a s hor t dis tanc e t o  t he 
south . The t r ave r s e  ent e r s  the C anyonv i l l e  Fault z one d e s c r ib e d  by P e r t t u  ( 1 97 6 ) . 

1 8 3 . 6  Af ter pas s ing mor e  c onglomera t e  the road enters serpen t in it e .  

1 8 4 . 6  Green s t one surrounded b y  serpen t in i t e  which may b e  a part  o f  the O t t e r  P o in t  
Format ion . 
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1 8 6 . 5  Doe C reek road with b r idge ove r  Cow Creek j us t  ahead . C r o s s  b r idge and ent e r  
s heared d a r k  s e d imentary rock o f  t he O t t er Po in t  Forma t ion . W e  are on t h e  e d g e  o f  

t he Dutchman But t e  quadrangl e  mapped by D o l e  ( unpub . )  and t he nor t heas t e rn qua r t e r  mapped 
by Perttu ( 1 97 6 ) . 

1 86 . 7  Serpen t in i t e . 

1 8 9 . 1  Quarry in s t eep d ipp ing Ridd l e  c onglome ra t e . On the mountain s id e  to the no r t h  one 
c an s e e  the poorer s o r t ed , mo re gent ly dippin g  Lookinggl a s s  c onglomera t e s . This i s  

i n  t h e  Canyonville  f a u l t  zone ( F i g . 6 )  and b locks o f  s eve ral f o rma t ions are d i sp laced b y  
the movemen t . 

1 92 . 9  Sma l l  quarry a t  t he mouth o f  Ca t t le C reek exp o s e s  d e f o rmed Do than sand s t one and 
s i l t s tone . The f o rmat ion is well indurated , j o in t e d  and made up of dark gray to 

a lmo s t  b l ac k  s an d s t on e  and s i l t s t on e . Cont inue in D o t han a l l  the way to Wes t  Branc h  f o r  
r o a d  i s  s o u t h  of t he maj or f ault . 

1 9 4 . 5  Un ion C r e ek road c r o s s e s  b r idge t o  t he nor t h . One c an e ither go to Dutchman But t e  
o r  t urn n o r t h  into Olalla  Creek drainage ( F ig . 6 )  by t h e  Union Creek road . Cont inue 

wes tward along Cow C reek . 

1 9 7 . 2  Darby Creek en ters  Cow C r eek f rom north s ide . 

1 9 9 . 2  There is qui t e  a b i t  of p ink chert f rom the Dothan Forma t ion in t he creek . 

2 00 . 5  Wes t  Fork S t a t ion and the loc a t ion o f  D o t han Po s t  O f f ic e  which was e s tab l ished in 
1 8 9 6  and abandoned in 1 94 2  (McAr t hur , Oregon Geo graphic Name s ) . This is the 

sour c e  of  the name Dothan given by D ille r and the type s ec t ion is  presumab ly in this area . 
C r o s s  the c reek and c ont inue we s tward a lon g the Wes t  Branc h o f  Cow C reek . 

2 0 3 . 1 End o f  c o unty road a t  Honeysuckle Creek turnof f .  Cont inue we s tward in Do than b e d s . 

2 0 4 . 5  Bobby Creek and the road to Marial goe s  o f f  t o  the l e f t  but t r ave r s e  con t inues 
ahead . 

2 05 . 3  Dutchman But t e  and S laught er C reek road to r i gh t  but  c ont inue ahead in D o t han . 

2 0 8 . 0  Turn r ight up h i l l  on Elk Va l l ey road . Ma s s ive basal Roseburg c onglome r a t e  crops 
out at t urn . 

2 1 0 . 9  Coarse basal  Ros eb urg conglome ra t e .  The pebb les  are more locally der ived than tho s e  
i n  the Lookingglass  Forma t ion . 

2 1 1 . 8  Take Elk Val l ey road to the r i ght . The re is conglome r a t e  up the h i l l  t o  the north 
b ut Do than b ed s  c r op out b e low the road . 

2 1 2 . 0  Road j unc t ion in Dothan beneath Ro sebur g .  The t r averse bears to  the le f t .  

2 1 3 . 1 Gulch wi th f r e s h  outc rop in quarry in Ro seburg cong lome r a t e  j us t  ahead . 

2 1 5 . 5  Turn r ight int o  Elk Va l ley . E lk Val l ey is unde r lain by Ros eburg s and s t one and 
s i l t s tone above the b as a l  c ong lome r a t e  and le s s  r e s i s tant to eros ion . 

2 1 7 . 1  Summit b e tween Elk Va l ley and Twe lvemile Creek . The outc rop s are Roseburg sand
s tone . 

2 1 7 . 5  S id e  road goes to the le f t  in saddle but cont inue t oward Twe lvemile Creek . The 
beds are mo s t ly Ros eburg sand s tone with some layers of  conglomerate . 

2 1 8 . 0  Bo ld outc rop o f  Ro seburg s andstone and cong lomerate  dipping northward 30-35  
degree s . 
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2 1 9 . 7 D ic e  Creek Road . The h i l l s ide north of the c reek is Bushn e l l  Roc k  Memb er o f  the 
Lookinggla s s  F o rmat ion . There is probab ly a faul t separat ing the Ros eburg and the 

Lookingglas s along the va l ley . 

2 1 9 . 9 Mouth of D i c e  Creek and b r idge ov er Twe lvernile C reek . A quarry in the Bushn e l l  
Roc k  Memb er of  t h e  Lookinggla s s  i s  s itua t ed here . Johannesen ( 1 97 2 )  mapped Days 

Creek beds a s hor t dis tance up Twe lvernile Creek where the Lookinggla s s  F o rma t ion r e s t s  
d i rec t ly up on t h e  Day s C r eek F o rmat ion ( F i g . 6 ) . 

2 20 . 3  The b e g inning of the Tenmile Memb e r  of the Lookinggla s s  Forma t ion which is made up 
mo s t ly o f  s i l t sone and thin-bedded sand s t on e .  

2 2 1 . 3  Beds o f  c on glome r a t e  nea r  b r idge ove r  Twe lvernile C r eek are 
lapp in g O l a l la Creek Member o f  the Lookingglas s  Format ion . 

here t o  H ighway 42 are a s s i gned to the O l a l la C r eek Memb e r . The 
near the faul t zone . 

of the ove r ly ing o f f 
A l l  t h e  b ed s  f rom 

Tenmile Memb er may thin 

2 2 1 . 9  Boulder Creek a c c e s s  road go e s  t o  the r i gh t  exp o s in g  O l a l l a  Creek conglome r a t e . 

2 2 3 . 8  Br idge over B r idge Creek with mos t  outc rop s of c onglome r a t e . N o t e  that lands l id e s  
a r e  c ommon o n  t he northwe s t - d ipp ing slopes . 

2 2 5 . 1  B r idge ov er the Middle F o rk of the Coquille R iver with H i ghway 4 2  j us t  ahead . The 
t raver s e  go e s  wes t  a long Hi ghway 4 2  and the roadcuts  s how O l a l la Creek Membe r  b e d s . 

2 2 6 . 0  B r idge over Mid d l e  Fo rk of the Coqui l l e  to the s o u t h  b ank whereas the o l d  highway 
f o l lows t h e  nor th b ank pa s t  the mou t h  o f  Bear Cr eek . Sma l l  f o s s il logs  are 

p re s en t  j us t  east o f  Bear Creek a long t he o l d  h ighway . 

2 2 6 . 9 Br idge over Middle Fork t o  nor t h  bank s t il l  in O l a l la Creek Membe r  o f  the L ooking
glas s . 

2 2 8 . 9  S la t e  Creek come s  in to the r iver f r om the south . There have b een many s l id e s  int o  
t he r iver and any long p o o l s  t end to b e  b a c k  of  lands l id e  darns . S ome large land

s l ide b lo cks o f  sands tone are p r e s en t  in the r iver . 

2 2 9 . 7  Coo s-Dougla s c o unty l ine . 

2 30 . 9  This i s  t he app r ox ima t e  base  of t he F lo urnoy Forma t ion which is mad e  up of graded 
beds unl ike the d e l t a ic O l a l la Memb e r  o f  t he Lookinggla s s . No c onglome r a t e  has 

b een foun d  in the Flournoy b e d s  near this  p lace . Br idge ove r  the Mid d l e  Fork is j us t  
ahead . 

2 3 1 . 4  Bone Moun tain road goe s  up the h i l l  t o  the south . Bone Moun t a in is capped by 
Tye e .  

2 32 . 8  The r oad c r o s s e s  the r iver t o  the north s id e . A t  this point we are app roxima t ely 
on the axis of the Coas t Range sync l ine . The F l o urnoy beds have b e c ome mor e  

s il ty a n d  b e tween the r iver and t he b a s e  of  t h e  Tye e  high on the s lopes  o f  Bone Moun t a in 
the sec t ion i s  dominant ly s il t  equivalent to the Camas Val ley Memb er of the F lournoy 
Forma t ion ( F i g . 4 ) . 

2 3 3 . 7  Roc k  C reek road goe s t o  the r i gh t  and h ighway c r o s s e s  r iver t o  the south bank . The 
beds a long he re are sands tone equiva lent t o  the Whi t e  Tail Ridge memb er o f  the 

F l o urnoy F o rma t ion . 

2 3 3 . 9 Br idge over the r iver back t o  the n o r t h  s id e . The o l d  highway j o ins f rom the 
r i gh t . If one walks the o l d  highway back toward the mouth o f  Roc k  Creek s ilty 

b e d s  have p r o duce d  fo ramin i f era . 

2 35 . 1  The road ha s pa ssed the b a s e  of the Flournoy san d s t one into the T enmil e  Memb er o f 
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t he Lookingglass  which under l ie s  the valley of S andy C reek ahead . No beds  o f  the 
O la l la Creek Memb er o f  t he Lookingglass  are known on t hi s  s id e  o f  the Coast Range syn
c l ine . 

2 35 . 5  Remo t e  s t o r e  on Tenmil e  Memb er o f  the Lookinggla s s . 

2 35 . 8  Sandy Creek b r idge with road j un c t ion j us t  ahead . Turn r ight and p roceed up Sandy 
C reek on road to S it kum . Ahead if one proceeds wes t  on Highway 42 the val ley 

nar rows a s  i t  ent e r s  the top of the Bushn e l l  Ro ck Memb e r . Conglomerate and ma s s ive 
sand s tone with c o a ly layer c on t inue s t o  a po int about  2 0 0  yards wes t  o f  F r enchie C r eek 
where i t  re s t s  unc onf o rmab ly upon the Ro seburg F o rma t ion . The Bushne l l  Ro c k  Memb er i s  
no t a s  ma s s ive a c on glomera t e  a s  i t  is i n  mo s t  p laces  but ins tead i s  made u p  o f  beds  o f  
c onglomera t e  in t er sper s ed .wi th mas s ive sand s t one and occa s ional c o a ly b e d s . 

2 38 . 4  Cro s s  Sandy C reek t o  the eas t  s ide . All in Tenmil e  Member s il t s tone along t he road . 

2 3 9 . 9 Jus t c r o s s e d  Sandy Cr eek to we s t  bank and turn up t he h i l l  wes tward leav ing the o l d  
road . T h e  r o a d  proceeds u p  a d ip s l o p e  n e a r  the top o f  t he Bushne l l  Roc k  Member . 

2 42 . 3  Near the t o p  of the h i l l  c o a ly s t reaks are v i s ib l e  in s and s t one . Ac r o s s  S andy 
Creek val l ey to the e a s t  t he Tyee of Thoma s Moun t a in is r e s t ing on a thin s e c t ion 

of eroded Flournoy s ands tone . 

2 4 4 . 0  The new road c r o s s e s  the o l d  Sandy-B i g  Creek road in s add l e  and proceed nor t hward 
up r id ge . 

2 45 . 0 Thi s p o in t  i s  near the b a s e  o f  the Flournoy s ands tone which ha s overlapped the 
T enmile Memb er onto the top  o f  the Bushn e l l  Ro ck Member . 

2 45 . 8  Graded b edded Flournoy sand s t one which was depo s i ted by t urb idit y cur r en t s  in a 
va s t ly d if f eren t  environmen t than that o f  the Lookingglas s beds  nearby . 

2 4 6 . 5  Approxima te b a s e  of the Tyee Forma t ion . The Tyee is ma s s ive , c ros sbedded sand s t one 
which c on t a in s  p lant f ra gmen t s . Near i t s  base in this area it  is not graded and 

it tends to be coarser  t han the Flournoy b e d s . This c ont act wa s f ir s t  iden t if ied by 
Trigger ( 1 9 6 6 )  who mapped the area b e tween here and Highway 42 . 

2 4 6 . 6  Quarry in Tyee at the top o f  the moun t a in .  Coal i f i ed p ieces  o f  logs  and l imb s are 
p re s en t . 

2 46 . 7  Weave r Road and the t rave r s e  t urn s to t he le f t  and c ont inue s t oward S it kum . The 
Flournoy beds  s t r ike we s tward with the upp er s i l ty beds b e ing p r e s ent whereas  the 

Tyee c on t inue s t o  s t r ike t o  the nor t h  t oward Brews t e r  Ro ck . Th i s  is pe rhap s  the b e s t  
p l a c e  t o  demon s t r a t e  t h e  magnitude o f  t h e  unc on f o rmity a t  the b a s e  of t h e  Tyee and t o  
demon s t ra t e  tha t  the Tye e and Flournoy a r e  two d i f f erent f o rmat ion s . 

2 4 8 . 6  A prominent c l if f  o f  basal Tyee is to the r i g h t  and the Flournoy b e d s  c rop out 
b enea t h .  

2 4 8 . 9 Large lan d s l id e  to t h e  we s t  which dammed Lake S i t kum (now f il l ed ) . Brews ter Rock 
t o  the nor t h  wh ich f o rmerly ha d the For e s t  Lookout is near the b a s e  o f  t he Tyee 

Forma t ion . The Ty ee beds  d ip gen t ly to the S i tkum s to re . S ilty beds  o f  the Cama s  
Va l l ey Member of t h e  Flo urnoy Format ion crop o u t  a l o n g  the nor t h  s h o r e  o f  t he old lake 
we s t  of the o ld S i tkum s t ore . 

25 1 . 5 Traverse  c r o s ses  the land s l id e , the br idge ov er the East  Fork o f  t he Coqu i l l e  r iver 
and a t  this p o in t  j o in s the Coos Bay Wa gonroad which is the p ionee r  r oad be tween 

Ro s eburg and C o o s  Bay . We t urn l e f t  to Dora to see the basal  part o f  the F lournoy but 
if  t im e  d o e s  no t pe rmit the traverse , one could go eas t f rom this p o in t . 

2 5 4 . 3  Flo urnoy beds  are expo sed a t  the mouth o f  China Creek . However , if one goes up 
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Ch ina Creek s ilty beds  o f  the Camas Val l ey Memb e r  are encoun t ered b eneath the Tyee 
Forma t ion . 

2 55 . 2  Tenmile Memb e r  o f  the Lookinggl a s s  Forma t ion but if one looks back the mas s ive 
s and s tone of the basal Flournoy , the Wh i t e  Tail Ridge Memb e r , f o rms b o l d  c l if f s . 

Thi s  c l i f f  of mas s ive sands t one was taken to b e  the base  o f  the Tyee Forma t ion at one 
t ime . The Flournoy over l ies the Tenmil e  Member without the Olalla Creek Memb er b e ing 
pre sent on this s ide o f  the Coas t Range sync l ine . 

2 5 6 . 2  The Dora S tore i s  s ituated on the s i l t s t one beds  o f  the Tenmile Memb er o f  the 
Lookingglas s .  Wes t  o f  Dora the basal conglomerate  ( Bu s hn e l l  Roc k  Memb e r )  i s  quite 

thin t o  almo s t  miss ing f o r  the memb er thins rap idly away f rom the Canyonv i l l e  f au l t  z one . 

2 6 0 . 8  Back t o  the s amp e  p o in t  as 2 5 1 . 8  at b r idge over Eas t  Fork o f  the Coquil l e  at f o o t  
of  s l ide . 

2 6 1 . 0  Brews ter Val l ey i s  a f illed  lands l ide-dammed lake s imilar to that o f  Loon Lake and 
Triangl e  Lake . S i l t s tone in the upper  part of  the Flournoy Format ion c r o p s  out 

along the road para l l e l ing the val l ey . 

2 6 2 . 3  Old S it kum s tore now abandoned and road up Brummi t  Creek . The c l i f f s  o f  Ty ee are 
v i s ib l e  up Brummi t  Creek and the base is a very short d i s tance wes t  o f  the s to re 

building . 

2 6 4 . 5  Camas Creek Road goes ac r o s s  r iver to south . 

2 6 5 . 3  This p o in t  i s  the approxima t e  head o f  the lake f il l . The h i l l s  are a l l  Tyee s and
s t one . 

2 6 5 . 6  Coaly b e d s  in nearly f la t  Tye e  is exposed  in cut . 

2 6 6 . 6  Road has c r o s s ed to south s ide and a 1 0- 1 5  f o o t  wa t e r f a l l  drops  over mas s ive Tye e . 

2 6 7 . 9  Dead Ho r s e  C r eek enters acro s s  the r iver f rom the north . We are pas s ing mor e  sma l l  
f a l l s  and rap ids t umb l ing over mas s ively b edded Tyee s and s t on e . 

2 6 8 . 4  L o s t  C reek ent e r s  from the north s ide of the val l ey and b e d s  are in mas s ive Tyee 
sand s tone . 

2 7 3 . 0 Lane-Douglas  c ounty l ine . Cont inue eas tward paral l e l ing r iver . 

2 7 4 . 3  The road that goes south f rom this  p o in t  reaches H ighway 4 2  and is a l l  in Tyee beds . 

2 7 5 . 2  Thi s  is the s ummi t .  An o l d  road goes to the north and if one could s e e  eas tward 
through the trees c onglomerate in Bushnel Roc k  d ip s  southward off Ro s eburg beds and 

f lows . The equivalent l imb is mis s ing on the north s ide and the Flournoy Forma t ion r e s t s  
d irec t ly upon t h e  Ros eburg Format ion . Cons iderab l e  f o ld ing and eros ion p r e c eded dep o s i
t ion o f  the F lournoy Forma t ion . 

2 7 6 . 1 Road to the l e f t  and t h i s  is the approximat e  b a s e  o f  the Tyee but  lands l ide b locks 
and deep soil make det erminat ion d i f f icul t . 

2 7 6 . 8  Busenbark County Park in lands l ide mat e r ial but the s ilty  Cama s Val ley Memb er of the 
F lournoy i s  exposed in the cuts j us t  b e low . 

2 7 7 . 8  Burnt Ridge road lead s to the l e f t  and graded s t e e p ly d ip p ing Ro s eb ur g beds  s t r ike 
southwe s tward b eneath the Flournoy and Tyee Forma t ions . I f  one goes up the Burnt 

Ridge road a sho rt  d i s tanc e the canyon narrows a s  the basal  sands o f  the Flournoy are 
enc ountered , then i t  widen s  out in the Camas Val ley Memb e r . Near the top o f  the h i l l  
o n e  ent e r s  t h e  Tyee Format ion . I t  i s  d i f f icul t to  det ermine t he base  o f  t h e  Tyee f o r  it  
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s eems to b e  s i l t ier than usual and may contain r eworked Flournoy s i l t s t one . 

2 7 9 . 3  This road j unc t ion is the approxima t e  locat ion of Re s t on which was a s tage s top on 
the old Ro s eburg to Coos Bay road . Turn r i gh t  down Tenmile Creek . The sma l l  iso

lated hill  to  t he r i ght is  made up o f  thin-b edded Ro seb urg . 

2 80 . 0  Trace o f  a maj o r  f aul t that c u t s  the Ro seburg Forma t ion . Sheared rock about 1 00 
f ee t  wide has p roduced a slump z one tha t the county has t ried to ho ld by dump ing 

large rock . There may b e  some lateral s l ip along this f au l t  which a f f e c t s  only the 
Ro seburg and i s  overlapped t o  the we s t  by the Flournoy and Tyee Forma t ions without known 
o f f s e t . This same f aul t may o f f s e t  the Lookinggla s s  along the north s ide o f  Lookingglass 
Val ley . 

2 80 . 6  The road to the l e f t  leads to a rock quarry in Roseburg basal t . 

2 8 1 . 0  A quarry on t he l e f t  s ide of road is in vertical  p i l low b a s al t . I t  has b een 
abandoned and p a r t ly f il l ed but  conglomerate  and sands t one b eyond the basalt  are  

s t il l  v i s ib l e . This ver t ic a l  s e c t ion s t r ikes b eneath gen t ly dipping Bushnell  Roc k  con
glomerat e . A fault mus t paral l e l  the c reek for we s t  o f  the creek c rop out O t t e r  P o int 
beds . The def orma t ion took place a t the end o f  the early Eoc ene f o r  the Lookingglas s  
res t s  unconfo rmably upon b o t h . 

2 8 1 . 6  Ent e r  basal  conglomera te but pre-Tert iary crops  out on f loor o f  val l ey to the east  
and a quarry in green s t one produced c rushed rock in that vic inity . 

2 8 3 . 5  Ro ad c r o s s e s  t he creek . Conglomerate along the road grades rap idly into sand s t one . 
The val l ey widens quickly f o r  the tran s i t ion zone is narrow and the Tenmil e  Member 

is ahead . 

2 8 3 . 9  Junc t ion with Highway 4 2  which is located a short dis tance eas t o f  the Tenmile s t o r a  
Tenmile But t e  s o u t h  acro s s  t h e  creek is capped by s ands t one and c onglomerate of t h e  

O l a l l a  C r e e k  Memb er but the b r oad Tenmil e  Creek Va l l ey eas tward para l l e l in g  the highway is  
carved in the soft  Tenmile Memb er o f  the Lookinggl a s s . 

2 85 . 4  Porter Creek b r idge . Porter Creek cuts  through the Bushn e l l  Roc k  Memb er in a 
narrow c anyon which expo s e s  the conglomerat e .  Nearly vert ical Ros eburg sedimentary 

rock and f lows c rop out north of the conglomerate . 

2 8 7 . 4  Lookinggla s s  Creek in to which Tenmi l e  Creek f lows . Conglomerate makes up the south
d ip p ing s lo p e  to t he north . 

2 8 7 . 4  The p o int j us t  pas t the road to Olalla 
Jus t e a s t  o f  t he po in t  a t  this mileage 

Faul t "  and ent e r s  the O t t e r  Point Format ion . 
Lookingg lass  Creek Val l ey to the we s t  and the 
glomerate to  the e a s t . I t  is the eas t ern end 

is made up of Bushnell  rock conglomera t e .  
the t rave r s e  c r o s s e s  the "Wil d l i f e  Safari  

Al exande r  But t e  to  t he north is s e t  off  by  
Wildlife  S a f a r i  faul t cut t ing of f the c on
of the l imb o f  basal  Lookinggl a s s . 

2 8 9 . 3  Road to the r igh t goes p a s t  Hoover Hill  which is made up of the l ight gray feld
spathic  sand s t one a s s igned to  the  Otter  Po in t  and  enc ountered ear l ie r  north o f  

Brockway ( see mileage 1 4 4 . 2 ) . 

2 9 1 . 5  Brockway road j unc t ion but t raver s e  proceeds eas tward t oward Wins ton . 

2 9 2 . 3  The b r idge over the mo uth of Lookingg l a s s  Creek j us t  b e f o re it ent e r s  the South 
Fork of  the Umpqua Rive r . Al l the rock is O t t e r  Point overlain by a l l uv ium . 

2 9 3 . 2  J o in ing with old Highway 99 in W in s ton and trave r s e  proceeds to the north ( le f t ) . 

2 9 4 . 3  Bridge over the South Fork o f  the Ump qua . The sma l l  hill  to the lef t north of the 
r iver is made up o f  mas s ive "Hoover Hill fac ies . "  The hill to the r ight with 

watertank high on p o int yielded some garne t i f erous b lue schis t which has b een carr ied 
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away by c o l l e c t o r s . 

2 9 5 . 9  Af t e r  c r o s s ing t he overpa s s  a faul t places  the Roseburg Forma t ion on the north 
aga in s t  pre-Tert iary beds . 

2 9 6 . 5  Af t e r  cros s ing ove r  US H ighway 1-5 proc eed to the north . Ros eburg basalt  crops  out 
along the road and on the hil l s id e  east of  h ighway . 

2 9 7 . 5  South turno f f  to Ro s ebur g . Ro s eburg s e d imentary beds  are int e r f ingered with f lows . 
The b r idge over the r iver is j us t  ahead and basalt  crops  out along the road no r t h  

o f  the b r idge . 

2 9 8 . 9  Be ginning o f  outcrops of p i l low b a s a l t  which c ont inue almo s t  c ont inuous ly p a s t  
fairground s to  Harvard Avenue exit . 

3 00 . 9  Very high cut in Ro seburg b a s a l t  a t  the e a s t  end o f  Mt . Nebo j us t  b e f o r e  Harvard 
Avenue turnof f  into Ro s eburg . 

30 1 . 7  South end of b r idge over South Fork of the Umpqua . 

306 . 0  Many o f  the h i l l s  in and around Ro s eburg are made up o f  basalt  but the valleys t end 
to be carved in interbeds . This p o in t  is the b r idge over the North Fork of t he 

Umpqua River a t  Winches t e r  where .both  basalt  by the dam and sedimen t s  a t  the wes t  s ide 
o f  the south abu tment are a part of the Ro seburg Forma t ion . Umpqua Community c o l le ge is  
s ituated on the f ir s t  prominent b end on the north s ide o f  the r iver above the dam .  I t  is 
underlain by p i l low b a s al t . 

308 . 8  Suthe r l in Creek overpa s s  on I-5 c r o s s e s  our t raver s e  o f  the previous day . 

3 0 9 . 0  H i gh c u t s  in s everely def ormed Ros eburg which is s i tuated near the trace of the 
Bonanza faul t . Near here the f aul t may b e  high angle r eve r s e  rather t han a thrus t  

fau l t . 

3 1 3 . 5  Af t e r  pas s ing thin-b edded dark sand and s i l t s tone a l ong the h ighway we reach the 
p o in t  under the overpass where we left the highway the p revious day (mileage 9 8 . 7 ) . 

The hi ghway as far as the t urnof f  to Yonc alla  is c overed by the l o g  o f  y e s t erday . 
S e e  mileage 9 8 . 7 - I-5  overp a s s  south o f  Suther l in to 80 . 8  at int er s ec t ion of I- 5  and 
H ighway 99 near Yonc a l l a . 

3 3 1 . 6  S ame as 9 0 . 8 ,  the int er s e c t ion of I-5  and Highway 9 9  south o f  Yonc a l l a . F o l low 1-5 . 

3 34 . 1  A low drainage d ivide with we s t- dip p ing c u e s t a  in Ro s eburg sedimentary b eds to the 
northwe s t  and a dip slope on b a s a l t i c  f lank o f  the Red Hill an t i c l ine t o  the south-

eas t . 

3 34 . 7  A d ike c u t s  the Ro sebur g Forma t ion to the we s t .  

3 3 5 . 5  Th is is the approxima t e  contac t b etween the Flournoy and the Ro seburg Forma t ions . 
The contac t is unconfo rmab le and the Lookingglas s  Forma t ion which should b e  b e 

tween is  mis s ing . S c o t t  Val ley is carved largely in t he Ro seburg beds . The Flournoy 
beds  c an be s een along the north s ide of the val l ey cropping out in the gras sy s lope . The 
road eas t t hrough S c o t t  Val ley goes p a s t  the b a s a l t  in the north end of the Red H i l l  ant i
c l ine , through a thin Flournoy sec t ion , the Spenc er and F isher Format ions and passes  north 
of Hob a r t  But t e  before reach ing the Coas t Fo rk o f  the Willame t t e  (Hoover , 1 96 3 ) . 

3 36 . 1 B r idge over Elk Creek j us t  south o f  an exc el lent outcrop o f  Flournoy beds . 

34 0 . 8 Drainage d ivide at the top of a hil l . S l ides f rom the east  have b l o cked the high-
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way s everal t imes . The rock is Flournpy s ands t one and s i l t s tone but i t  s e ems t o  b e  mo re 
deeply weathered than usual a t  this p o in t . 

3 4 2 . 7  Highway j unc t ion with turno f f  to Drain , Elkton and the coas t .  Al l the expo sures 
along here are part o f  the Flournoy Forma t ion . 

3 4 4 . 4  Flournoy sands tone which is composed largely o f  graded beds  o f  micac eous sand s t one 
crop out along the highway . 

3 4 4 . 7  A d ike c r o p s  out to the east  near the o ld railroad s id ing o f  Coms t o c k . The C om
s tock f auna of Turner ( 1 9 3 8 )  and o thers came f rom or near the north edge of the 

d ike when the highway cuts wer e  f resher . The f auna inc luded Vener icardia and Turr itella . 

3 4 5 . 8  Base o f  the Spenc e r  Format ion is exposed where pebbly t u f f a c eous sand s tone d i s con-
f o rmably r e s t s  on L orane s i l t stone wh ich i s  gradat ional down in t o  the Flournoy 

Format ion . Although f o rmerly correlated with the Elkton S i l t s t one by Baldwin ( 1 9 6 1 )  it 
seems b e t t e r  t o  a s s i gn the Lo rane t o  the Camas Va l l ey Memb er of t he Flournoy Format ion 
which is a l i t t l e  older than the Elkton Forma t ion . 

3 4 6 . 0  A coaly bed is exposed on the e a s t  s ide o f  the h ighway . This is near the top  o f  
the Spencer Forma t ion o f  Voke s , Snavely , and Mye r s  ( 1 95 1 ) .  

3 4 6 . 8  The Coms tock f l o ra was c o l l e c t e d  f rom a rail road cut  oppo s i t e  this p o in t  along the 
highway . The f o s s il l eave s wer e  ob tained near the bas e  of the F isher Format ion and 

are p robably l a t e s t  Eocene , pos s ib ly early Oligocene . 

3 4 8 . 6  Road to the lef t over overpas s  is o l d  Highway 9 9  which leads t o  C o t tage Grove . The 
rock approaching and at the int e r s e c t ion is purp l i s h  t u f f  and t u f f aceous sands tone 

o f  the F i sher Forma t ion . A lands l ide area on the east s ide has b een somewha t s tab ilized 
by dump ing rock . 

3 4 9 . 2  Hawley Road overpa s s  is the approxima t e  locat ion of the d ivide b etween the Willam-
e t t e  and Umpqua r ivers . This d iv ide has an impe r c ep t ib l e  north s lope  and appears 

to have b e en caused by p iracy and reversal of f low int o  Pass  Creek . D il l e r  ( 1 9 1 5 )  pro
posed that the Umpqua River f lowed int o  the Wil lame t t e  at  one t ime and was cap t ured by 
a sho r t e r  swi f t e r  f lowing c o a s t a l  s t r eam that caused reversal o f  drainage along wha t  is 
now Pas s Creek . 

3 5 1 . 6  B r idge ove r  the Coast  Fork o f  the Willame t t e  River . Mo s t ly F i sher b e d s  c rop out 
t o  the eas t .  

3 5 4 . 1  Tuf faceous sedimentary beds o f  the Fisher Format ion c rop out along the edge o f  
C o t tage Grove . 

3 5 5 . 0  Turn o f f  to C o t tage Grove (wes t ) , Dorena Dam ( ea s t )  and the Bohemia mining d i s t r i c t  
( eas t ) . 

3 5 5 . 4  Row River b r idge on I - 5 . 

3 5 8 . 0  South entrance to r e s t  area on the east  s ide o f  the h ighway . 

3 6 3 . 1 This is the j unc t ion t o  Creswel l  on the wes t  s ide with Creswel l  But t e , a d i o r i t e  
s i t e  which is  located j us t  south o f  t h e  t own . Out c rops  may b e  s een where H ighway 

9 9  c u t s  the lower part of the slope . The main h ighway ha s b een on an al luvial f i l l  o f  
t h e  C o a s t  F o r k  o f  the W i l lame t t e  River . The o l d e r  h ighway , Highway 9 9 , f o l lows the 
wes t ern mar g in of the val l ey and goes through basalt  f l ows and tuf faceous sediment ary 
rocks . The h i l l s  to the east  are made up of f lows and tuf fac eous sedimentary rock . 

3 6 5 . 3  Between Creswell j unc t ion and this p o in t  the highway is c ro s s ing a terrace o f  
older al luv ium which i s  capped by thoroughly weathered alluv ium . Jus t ahead is a 

large depre s s ion called Camas Swale who s e  f lo o r  is covered by r e l a t ively recent gravels  
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and sand probab ly laid down when the Coa s t  Fork o f  the Wil lame t t e  made a c ircular b end 
later  cut o f f . The peak t o  the north and we s t  is Spenc er But t e , a d io r i t e  int rus ive in 
the f o rm of an eas t -d ip p ing s il l . 

3 6 6 . 7  The Go shen f lora was c o l lec ted f r om the o l d  highway cut where t he road rounded a 
sma l l  hill  at the we s t  end o f  an overpa s s  over I-5 . 

3 6 9 . 1  Int e r s e c t ion wit h  highway f rom Wil lame t t e  Summi t .  The sma l l  hill  by int e r s ec t ion 
j us t  before  c ro s s ing the railroad y ie lded a late  Ol iogo c ene f lora which i s  l i s ted 

by Ro land W .  Brown in Voke s , Snavely and My ers  ( 1 95 1 ) . The rock is p robably in the 
upper part o f  the Eugene Forma t ion . 

3 6 9 . 4  The tuffac eous s e d imen tary rock to the wes t  and a short d i s t anc e north o f  overpa s s  
has b een s l id ing t oward I-5 . Many y a r d s  have been r emoved and r o c k  is p iled a t  the 

t o e  o f  the s l ide in an e f f o r t  t o  s t op movemen t . 

3 7 0 . 9  Just  north o f  an overpass a high s lope on the wes t  shows c o lumnar b a s a l t i c  intrus ive 
rock c ut t ing the Eugene Forma t ion . Be tween here and Judkins P o in t  s everal d ikes 

int rude the Eugene . The int r u s ive rock may b e  o f  early Mio c ene age and related t o  the 
L i t t l e  But t e  volcanic s . 

3 7 2 . 7  The t raverse  leaves the main highway and turns we s tward beneath I - 5  to Judkins 
P o in t  which is a b a s a l t i c  east-dip p ing s i l l . 

3 7 3 . 7 North s ide o f  the Geology Building on the Un ivers ity o f  Oregon c ampus . 

Ins t ead o f  turn ing we s tward p a s t  Judkins P o int in t o  Eugene the ma in h ighway pro
c eeds northward ove r  the a l l uvial c overed val l ey t o  the b r idge ove r  the McKen z ie River 
oppo s i t e  Armitage Park . Just  a c r o s s  the r iver and to the eas t is a quarry in an 
int rus ive b ody which c u t s  the Eugene Forma t ion . The intrusive c omes up as a d ike , then 
become s para l l e l  to the Eugene beds  as a s il l . The h ighway para l l e l s  the face  o f  the 
Coburg H i l l s  which may b e  a faul t l ine scarp . The faul t may b e  located  near t he highway . 
Low h i l l s , such as Wes t  P o in t  H i l l , and o t he rsj u s t  eas t  o f  the highway , may b e  exhumed 
s i l l s  in the Eugene Forma t ion . The upper part  of the scarp is capped by b a s a l t  f l ows o f  
p o s s ib l e  early Mioc ene age . The Eugene beds  are f ound only at the b a s e  o f  the scarp and 
presumab ly crop out b eneath the younger volcanic s .  Mo s t  of the h i l l s  near the highway 
south of the Co rval l i s  turno f f  are int rus ive basal t ic bodies . The h ighway f rom I-5 t o  
Corva l l i s  c r o s s e s  the a l l uvial f loor o f  t h e  Wil lame t t e  va l l ey . 
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Frontispiece. View to the south from Otter Crest (Stop l A )  showing ring d i kes ( r )  
and radial d i kes (rad) o f  Cape Foulweather Basalt that intrude sandstone and 
s i l tstone of the middle Miocene Astoria Formation.  Yaquina Head on the 
skyl ine i s  one of the former eruptive centers of Cape Foul weather Basa l t .  
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GEOLOGY O F  THE  WEST-C ENTRAL PART O F  TH E  OREGON COAST RANGE l 

T h e  tecto n i c ,  depo s i t i ona l , a nd magma t i c h i story of  C enozo i c  sed i mentary and  vo l ca n i c  
roc ks o f  wes tern O regon  a nd the  a dj acent  cont i n enta l  ma rgi n i s  i n terpreted a s  hav i n g been 
mo l ded by e p i sod i c  i n terac t i on s  be tween the Pac i fi c  a nd North Amer i ca n  pl a tes  ( S na v e l y  
a nd Macl eod , 1 97 7 ; Snave l y  a nd others , 1 97 9 } . I n  the Coa st  Range and  o n  the i n ner  cont i 
nenta l  s he l f more than  7 000 mete rs o f  Tert i a ry sed i mentary and vol ca n i c  roc k s  acc umu l ated 
i n  a mar g i n a l  ba s i n o n  a l ower to m i dd l e Eocene  ocea n i c  c ru s t .  T he route  of  th i s  f i e l d 
tr i p traverses  a representa t i ve  sect i on  o f  Tert i a ry roc ks i n  the central  pa rt of the  
Oregon  Coa st  Ra nge ( f i g .  1 ) ; t he se  roc ks  in  part  fo rm the ba s i s for i n terpret i ng the 
Tert i a ry geo l o g i c h i s tory .  

A thorough  d i sc u s s i o n o f  the  forma t i o n s  that  c ro p  o ut  i n  the central  pa rt o f  the 
Ore go n Coa st  Ra nge  i s  not  presen ted i n  t h i s report  a s  the  Tert i a ry geol ogy of  th i s reg i on 
has  been desc r i bed fu l l y  i n  prev i o u s  recent f i e l d tr i p gu i deboo k s  by Snave l y ,  Mac l eod , 
and  Ra u ( 1 969 ) a nd by Ma c l eod a nd Snave l y  ( 1 9 73 ) . The i r outcrop  area s a re shown o n  
deta i l ed geo l o g i c  maps o f  the  f i e l d tr i p  a rea t h a t  h a v e  recentl y been  pu bl i s hed  ( S nave l y 
and  others , 1 976a , b ,  c ) .  I n  a dd i t i on ,  Snave l y and  Macleod ( 1 97 1 ) and  L u nd ( 1 97 2 )  g i ve 
descr i pt i on s  o f  t he  coasta l  geo l ogy, a nd Bra i s l i n ,  Ha s t i n g s , and  Snave l y ( 1 97 1  ) ;  Sna ve l y 
Pear l , a n d  La nder ( 1 977 } ,  a nd Snave l y ,  Wa gner , and  Lander  ( 1 9 7 9 }  summar i ze  the general  
geo l o gy of t he  ad jacent cont i n enta l s he l f .  

The  o l dest  roc ks  expo sed i n  the  Oregon  Coast  Range  are  p i l l ow l a va s , brec c i a s ,  and  
i n terbedded basa l t i c  s ed imentary roc ks  o f  ear l y a nd  mi dd l e Eocene - a ge  ( f i g .  2 ) .  I n  th i s 
pa rt of  the  Coa st  Ra nge  t hey a re refe rred to the  S i l etz R i ver Vol ca n i c s  ( S nave l y  and 
Ba l dwi n , 1 948 ; Snave l y a nd  others , 1 968 ) ; correl a t i ve  vo l ca n i c  u n i t s  in  Oregon and  Wa s h 
i n gton are  s hown i n  the  corre l a t i o n  c hart  ( f i g .  3 ) .  T he se  tho l e i i t i c  ba sa l ts have 
compo s i t i o n s  s i m i l a r to those of ocea n i c r i dges  wi th l ow K? O and T i 0 2 (Tab l e 1 ,  co l . 1 ;  
Snav e l y  a nd o thers , 1 968 ) a nd have  s i m i l ar ra re ea rth e l ements  ( REE ) pa tterns . I n  pl ac es, 
a s  i n  the  Ba l l Mou n ta i n  a rea ( f i g .  1 ) , the  thol e i i t i c  ba sa l ts a re overl a i n  by brecc i a s ,  
l a p i l l i  tuffs , a nd p i l l ow l a va s o f  a l ka l i c  ba sa l t wi th  i n te rbedded fo s s i l i fero u s  ba sa l t i c 
sand s tone  and  c o n g l omerate . A few fl ows at  the  top of  the sequence  are subaer i a l . S i l l s  
a nd f i l l ed l a va tubes  a re common i n  th i s  pa rt o f  the  sequenc e .  T h i s upper  pa rt of  the 
S i l etz R i ver Vo l ca n i c s  i s  i n ferred to have  been eru pted to form ocea n i c i s l a nd s  a nd sea
mounts  that  we re d i s tri buted  ra ndoml y o n  the  r i d ge  ba sa l t ( S nave l y and Mac leo d ,  1 977 ) .  

Ba sa l t s  that  form t he S i l etz R i ver Vo l ca n i c s  are  i n terpreted to be ocea n i c  cru st  
that  accreted o n to t he c o n t i nenta l  ma rg i n at  the t i me when subduct i o n  j umped from ea st  
o f  the  Coa s t  Ra nge to the  p resent  cont i nenta l ma rg i n .  Ab sence  of  o l der  roc k s  i n  the 
Coa s t  Range a nd the  rel a t i ve l y t h i n 1 6  km cru st  (Berg and  others , 1 966 ) a re co n s i stent  
wi th  th i s  i n terpreta t i o n .  However , u l trama fi c  roc ks typ i c a l  o f  o p h i o l i te sequences  have 
not  been fou nd . 

A deep  marg i na l  ba s i n  fo rmed east  of  the  new l oc u s  o f  underthru st i ng o n  the newl y 
a c c reted l ower to m i dd l e Eocene  ocea n i c  c ru s t . More than  2000 meters  of  tu rbi d i te 
sandstone  o f  the  Tyee Fo rma t i o n  ( f i g s . 4 ,  5 )  ( S nave l y and others , 1 964 ) ,  a nd s i l tstone  o f  
t h e  Yamh i l l  Forma t i on  ( Ba l dwi n a nd others , 1 95 5 } were depos i ted i n  mi ddl e and ear l y  l a te 
Eocene t i me .  The Tyee Fo rma t i o n  u nderl i es mo st of  the  ea stern pa rt of  the ma p area 
( f i g .  1 )  and fo rms most  o f  t he a x i a l  part o f the Coa st  Ra nge fo r a d i stance  of 1 50 km 
sou th to the Kl amath  Mou n ta i n s .  Source  d i rec t i o n , s hown by fl ute  and groove casts  ( a rrows 
on  f i g .  1 )  a nd l i tho l o g i c c ha racter i s t i cs  of the sandsto ne i nd i cate  a Kl amath provenanc e .  
Near Ba l l  Mo u n ta i n ,  where t h e  Tyee rests  o n  t h e  tru ncated s u rface  o f  a seamount  of  the 
S i l etz R i ver  Vo l ca n i c s , the  Tyee is  l es s  tha n 300 m th i c k ;  north of  the  seamount  the Tyee 

1
T h i s report i s  prel i m i nary a nd ha s not been ed i ted or rev i ewed for confo rmi ty wi th  
Geo l o g i ca l  Survey standards  a nd nomenc l ature . 

41 



th i c kens  and  i n terfi ngers  l a tera l l y  wi t h  deep-water ma r i n e  hem i pel a g i c s i l tstone  o f  the 
l ower pa rt of  t he Yamh i l l  Fo rma ti o n .  I n  the  ma p a rea ( fi g .  1 ) ,  the Tyee Forma t i o n  grades 
u pwa rd i n to mar i n e  s i l tstone  wi th  m i nor g l a u co n i t i c  sand s to n e  o f  the Yamh i l l  Forma t i o n . 
Stra t i gra p h i c corre l a t i ves o f  t he Tyee Forma t i o n  o f  m i ddl e Eocene ( U l a t i s i a n )  age  and  the 
Yamh i l l  Fo rma t i o n  of l ate m i dd l e to earl y l a te Eocene ( U l at i s i a n  and  ea rl y Nar i z i an )  age 
a re s h own i n  t he correl a t i o n  c hart  ( f i g .  3 ) . 

I n  l a te m i dd l e o r  ear l y l a te Eocene t i me ,  tra n s fo rm fa u l t i ng  i s  i n terpreted to have 
occurred between the  Pac i f i c  and  North  Amer i can  p l a tes . Dex tra l s l i p  on the cont i nental  
s he l f j u x ta po sed an  earl y Eocene graywa c ke sequence  on  the west  a ga i n s t  the  earl y to 
m i d d l e Eocene  S i l etz R i ver Vo l ca n i c s  on the ea st . T h i s dextra l fa u l t ( fi g .  6 ,  fa u l t A o n  
sect i o n )  i s  ma rked by a l i nea r magnet i c a noma l y  on  t he  i n ner co n t i nenta l  she l f s hown o n  
t h e  a e romagnet i c  ma p pub l i s h ed b y  the  U . S . Geol o g i ca l  Survey ( 1 97 0 ) . T h i s a noma l y  extends 
from l a t i tude  4 5°N ( j u s t  north  o f  c ro s s  sec t i on , f i g .  6 )  southwa rd to l a t i tude 43 0 1 5 ' N  
near  Coo s Bay . O n  the  i n ner s he l f a nd o n s ho re near the coa s t , broad h i gh-ampl i tude  
ma gnet i c a nomal i es typ i ca l o f  terrane u nderl a i n  by Eocene ba sa l t occ u r  ea s t  of  the  
grad i en t .  I n  c o ntra s t , t h e  a rea west o f  t h e  l i nea r grad i en t  i s  ma gnet i c a l l y  " qu i et . " 
Wes t  o f  the  g ra d i e n t  a sequence  o f  mo re than  2000 me ters of  mi caceo u s  arko s i c wac ke and 
i nterbedded s i l tstone  of ea rl y Eoc ene a ge wa s penetrated in  the Pan  Am P-0 1 1 2  and  the 
U n i o n Fu l ma r  P -0 1 30  ( s ee i ndex map ,  f i g .  6 )  test  we l l s  90 and  1 80 km south  o f  the cro s s  
sec t i o n  ( Snave l y a nd o thers , 1 9 77 , 1 97 9 ) . Forami n i fera a n d  na n no fo s s i l s  i nd i cate  that 
t h i s  wac ke is  of earl y Eocene ( Penu t i a n  S ta ge )  age  and  wa s depo s i ted in  a bathya l env i 
ro nment ( W .  W .  Ra u a nd Dav i d  B u kry , wri tten commu ns . , 1 97 9 ) . 

I na smuch  a s  the  wac ke a nd t he basa l t have been j uxtapo sed from Coo s Bay to the l i n e 
o f  the  c ro s s  s ec t i o n  a l ong  th i s  transcurren t fa u l t ,  a dextra l separa t i o n  of about  200 km 
i s  requ i red . T he  o r i g i na l  s i te o f  depo s i t i o n  for the l owe r Eocene wac ke , therefo re ,  mu s t  
ha ve been i n  coa s ta l  no rthern Ca l i fo rn i a  or  fa rther sou th . 

An ep i sode o f  p l a te c o n vergence and  u nderthru s t i n g ,  wh i c h began  i n  mi d- l a te Eocene 
t i me , had a l oc u s  o f  u nderthru st i ng ( f i g .  6 ,  Fau l t B o n  c ro s s  sect i o n ) tha t proba bl y l ay 
wes t  o f  the  transcurrent  fau l t  bou ndary . Regi ona l  u p l i ft accompa n i ed th i s  per i od of  
u ndert hru s t i n g  a nd produced a marked  reg i o n a l  a ngu l ar  unconform i ty at  t he  base  o f  upper  
Eocene strata i n  t he Oregon  a nd Wa s h i n gton Coa s t  Ranges  and o n  the cont i nenta l  she l f .  
A l so , d ur i ng t h i s t i me t he ear l i er d ee p  marg i na l  bas i n  i n  the present  s i te o f  the Coa st 
Ranges  wa s segmen ted i n to a n umber of s ha l l ow s he l f ba s i n s .  I n  the  ma p area a reg i o na l  
u nconfo rm i ty separates  t he Tyee and  Yamh i l l  Forma t i ons  from the overl y i n g  Nestucca  
Forma t i o n  ( Sn a v e l y  a nd Vo kes , 1 949 ) of  l a test  Eocene age . 

I n  l a tes t  Eocene  to l ate m i dd l e M i oc ene t i me ,  a per i o d  i n ferred to have been 
dom i na ted by exten s i on a ppears to have occu rred i n  the i n ner she l f a rea . Severa l el o n 
g a t e  north- tren d i n g  deep ma rg i n a l  ba s i n s were formed and  ba sa l t was erupted nea r the 
present c oa s tl i ne d u r i ng both l a te Eocene a nd m i dd l e M i oc ene t i me s ; gabbro s i l l s  were 
i n truded i n  the  l a te Ol i gocen e .  The u p per Eocene Yachats  Ba s a l t ( S nave l y  and Mac l eod , 
1 9 74 ) wa s eru pted from several  maj o r  c enters i n  the  Cape  Per petua - Heceta Head area and  a t  
Ca scade Head a l o n g  t he  eastern marg i n  o f  a deep ma rg i na l  ba s i n o n  the i nner  she l f .  A n  
ana l ys i s  o f  t h e  s u b s u r face  s trat i graphy i n  t h e  tes t wel l dr i l l ed o n t h e  southern  part o f  
t h e  Oregon  cont i nental  s he l f ( Snavel y a n d  others , 1 977 ) and i n terp reta t i o n  of  U . S .  
Geo l o g i ca l  Su rvey 24-channe l  s e i sm i c refl ect i o n  profi l es i nd i cates  that vol ca n i c l a s t i c  
sed i ments  a nd l es s e r  amounts  o f  l a p i l l i -tuff  a nd brec c i a were depo s i ted throughout  th i s 
ba s i n .  These  u n i t s t h i n westwa rd a ga i n s t  the  m i d d l e Eocene mi d - s h e l f h i g h  and do not 
extend west  of t he former zone of transcurrent  fau l t i n g .  

The  Yac hats  v o l can i c  roc ks were eru pted from ma ny l oc a l  vents  i n  the Cape Perpetua 
Heceta Head a rea t o  form l ow sh i e l d- l i ke accumu l a t i on s  composed  l a rgel y of  subaer i a l  
ba sa l t fl ows 4 to 8 meters t h i c k .  P i l l ow ba s a l t a nd tuff brec c i a a n d  ma r i ne  ba sa l t i c  
cong l omerate a nd s a nd s tone  a re p resent  at  the ba se  and a l ong  the fr i n ges  of  t he vol can i c  
p i l es i nd i c at i n g  that  t he basa l t s  were i n i t i a l l y  erupted o n  a s ha l l ow she l f .  Correl a t i ve  
vol can i c  roc ks  c ro p  o u t  a l o n g  the  l ower part o f  the  S i l e tz R i ver  in  the no rthwes tern pa rt 
o f  the  map  a rea a nd a t  Ca scade Head . U pper Eocene vol can i c  sequ ences a l s o  compr i se the 
u pper  part of the  T i l l amoo k V o l can i c s of  Warren , Norbi srath , and Gr i vetti  ( 1 94 5 ) .  

Typ i ca l l y ,  the  vo l ca n i c  roc ks  near Yachats  cons i s t  of  porphyri t i c  ba sa l t a nd ba sa l t i c  
andes i te that  are  q u a rtz norma t i v e  a nd c ha racter i zed by a rel a t i ve l y h i g h  a l ka l i ,  a l um i n� 
a n d  t i ta n i um c o n tent  ( Sna vel y a nd Macleod ; 1 974 , Tab l e 1 ) . These  roc ks show a wi de  ra nge 
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i n  c hemi c a l  c ompo s i t i o n  a nd petrography ; some d i kes  tha t c u t  the upper pa rt o f  the 
sequence  are of r hyodac i t i c  c ompo s i t i o n .  

Campto n i t i c  ma r i ne l a p i l l i  tuff  a n d  p i l l ow l ava s  o f  ea rl y ( ? )  O l i gocene age that crop  
o u t  near  the mou th of  t he S i l etz  R i ver ( S nave l y a nd others , 1 97 6a ) are amo n g  the mos t  
unu s u a l  roc ks i n  western O rego n .  T hey a re marked by l ow s i l i ca ( a s  l ow a s  39 percen t )  
a nd  h i g h a l ka l i ,  i ron , t i tan i um ,  a nd phosphoru s  co ntent (Tab l e 1 ,  co l . 5 )  and are 
strong l y  nephe l i ne normat i ve .  Campto n i te d i kes  and  s i l l s  crop ou t over  a broad area 
nort l l  a nd northwe s t  of  Euchre Mou nta i n  ( f i g .  1 ) ,  a nd some s how ma rked d i fferen t i a t i o n .  

Nephel i ne syen i te a nd phono l i te ( Ta bl e 1 , c o l . 6 )  s i l l s , d i kes , and a sma l l s to c k  
occur  i n  t he T i dewater a nd Wa l dport  q u adrang l es ( fi g .  1 ) . T he l a rges t i n tru s i ve body i s  
the 80-meter- th i c k  s i l l  that  caps  Tab l e Mou n ta i n  ( S na v e l y  and others , 1 97 6c ) .  Cobb l es of  
nephe l i ne sye n i te  a re wi d e l y  d i s tr i b uted in  P l e i stocene terrace  depo s i ts  i nd i c a t i n g  tha t 
the  nephe l i ne sye n i te s i l l s  were formerl y mu ch  more exten s i v e .  T he campto n i te a nd nephe
l i ne  syen i te i n tru s i ve roc ks  may be a l a te product  of  the per i od of  i gneous  act i v i ty that  
produced the  Yachats  Ba sa l t .  

T he Yachats  Ba sa l t o verl i e s a nd g rades l a te ra l l y  i nto th i n -bedd ed tu ffac eou s  s i l t
s to n e  o f  the Nes tucca  Forma t i o n  ( f i g . 7 )  ( S nav e l y  a nd Vokes , 1 949 ) .  Mar i ne  ba sa l t i c  
s a nd s to n e  a nd c o n g l ome ra te o f  l a test  Eocene age  overl i e  the ba sa l t sequences  a t  Cape 
Pe rpe tua and Cascade  Head . These ba sa l t i c  s and s  th i n rapi d l y  away from the vo l c a n i c 
centers  from wh i c h  they were der i ved a nd a re absent  throughout  mos t  of the map a rea . 
Ma s s i ve  to t h i c k-bedded t u ffaceous  s i l t s tone  and  very f i ne- gra i ned sandstone  of  O l i gocene  
age , referred to t he Al sea  Fo rma t i o n  ( f i g .  8 )  ( S navel y and  other s ,  1 9 7 5 ) , overl i e  the 
upper  Eocene v o l c a n i c a nd s ed i menta ry roc ks  o n  the wes t  fl a n k  of  the Coa s t  Range ( f i g .  1 ) . 
T he u b i q u i tou s h i g h  a s h  c ontent  i n  the  O l i gocene ma r i ne  s i l t s tone  wa s der i ved from 
expl o s i v e  s i l i c i c  vo l c a n i sm i n  the a nces tral  Ca scad e Range . T he a s h  wa s proba bl y tra n s 
po rted by r i vers  a nd s treams t o  t he former coa s t ;  some nea rl y p u r e  t u f f  bed s ,  however , 
may have  resu l ted from a sh fa l l d i rect l y  i n to t he mar i ne env i ronme n t . 

D i kes , s i l l s ,  a nd i nc l i n ed s heets o f  i ron-r i c h  granophyr i c  gabbro (Tab l e 1 ,  co l . 7 )  
o f  m i d-O l i gocene age  ( 3 0  m . y . B . P . ) c ro p  o u t  a l o n g  the a x i a l  part of  the Coa s t  Range  
( Snave l y and  Wa gner , 1 96 1 ) .  T h e  t h i c ke s t  s i l l , about  3 3 0  meters th i c k ,  underl i e s Marys 
Pea k 20 km sou thwe s t  of Corva l l i s ( Roberts , 1 953 ; Ba l dwi n ,  1 9 56 ) .  Numerou s  othe r  s i l l s  
1 00 to 2 00 meters t h i c k ,  c a p  many o f  t he h i gher pea k s  and  up l a nd su rfaces i n  the Coa s t  
Ra nge . Mo s t  o f  the  s i l l s  s how strong  d i fferent i at i o n ,  wi th l a te devel o pment of  ferro
granophyre a nd granophyre ( Macl eod , 1 97 0 ) . 

Sandstone  and  cong l omerate wi t h  i nterca l a ted s i l t sto n e , tuff , and  coa l bed s  of  l ate  
O l i gocene  and  ear l i es t  M i ocene  age , a s s i gned to  the  Yaqu i na Forma t i on  ( f i g . 9 ) ( S c henc k ,  
1 928 ) , o verl i e  t he s i l tstone  o f  the  Al sea Fo rma t i o n .  T hese  coa rse-gra i ned sed i men ta ry 
roc k s  a re i n terpreted a s  a de l ta i c  d epos i t  that  devel oped at the  mou t h  of a r i ver  that 
d ra i ned t h ro u g h  t he present  s i te o f  the  Coast  Range  ( S na vel y and  Wagner , 1 963 ; Goodwi n ,  
1 97 3 ) . Andes i t i c  and  dac i t i c  c l a s t s  i n  t he cong l omerate and  crossbedded pum i ceous  
s a nd s tone  o f  t h i s u n i t  were  proba b l y  der i ved from a n  ances tra l Cascade  Ra nge . T he Yaq u i na 
Fo rma t i on  i s  restr i cted to t he i n ner  s he l f a s  i t  wa s not pen etrated i n  the Nau t i l u s we l l  
( i n dex ma p ;  f i g .  6 ) . Ma r i ne  s i l tstone  a nd very f i ne-gra i ned sandstone  of  the Nye Mud s to n e  
( f i g .  1 0 ) ( Ha rr i son  a nd Eato n ,  1 92 0 ;  Snav e l y  a nd others , 1 9 64 ) of  ea rl y M i ocene  age  a n d  
s a nd s tone  a nd s i l t stone  o f  the  Asto r i a  Fo rma t i o n  ( f i g .  1 1 ) ( Pac kard a nd Kel l ogg , 1 934 ; 
Snave l y a nd others , 1 964 ) o f  m i dd l e M i ocene age  overl i e  the Yaqu i na Forma t i o n .  A few 
t h i c k  tuff beds ( 1  to 7 m )  i n  the As to r i a  Fo rmat i on  attest  to cont i n ued vol ca n i sm to the 
ea s t  i n  an a ncestra l  Ca scade Ra n g e . 

T hree per i od s  o f  basa l t i c vo l c a n i sm occu rred i n  we stern  Orego n a nd Wa sh i n gton i n  
mi dd l e  a nd l a te  M i ocene  t i me ( Snave l y a nd others , 1 97 3 ) .  T he M i ocene  vol c a n i c  roc ks a n d  
correl a t i ve i n tru s i ve roc ks  c ro p o u t  i n  a narrow bel t a l o n g  the coa st  of  northwes tern  
O rego n a nd a l so  c ro p  o u t  i n l and  southea s t  and northea s t  o f  the mou t h  o f  the  Col umb i a  
R i ver i n  O rego n a nd Wa s h i ngto n .  Two o f  t h e  M i ocene  ba sa l t u n i ts are pres ent  i n  the f i e l d 
tr i p  a rea . T he  o l dest  u n i t ,  t he Depoe  Bay B a sa l t ( Tab l e 1 ,  co l . 8 )  i s  the mos t vo l umi nous  
and  ma kes u p  many o f  t he scen i c  head l ands  of  the  northwe s t  coa s t ,  s uch  a s  Cape Lookout  
and  Ca pe Meares . T h i c k  s i l l s  of  Depoe  Bay B a sa l t form Cape Fal con  a nd T i l l amoo k Head on 
t he coa s t  a nd a l s o  Mou n t  Hebo a nd Mou n t  Gau l dy to the ea s t  i n  the Coa st  Range .  T h i s un i t  
i s  except i o n a l l y  we l l exposed at  i ts type l oca l i ty a t  Depoe Bay , where i t  cons i s t s  
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p r i nc i pa l l y  o f  p i l l ow brecc i a .  T h i s  f l ow un i t  ex tends  a s  fa r wes t  a s  the Sta ndard-Un i on 
Nau t i l u s we l l where i t  i s  a bout  1 5  m t h i c k  ( c ro s s  sect i o n , f i g .  6 ) .  North and ea st  of  
Depoe  Bay , O l i gocene a nd M i ocene sed i mentary roc ks are l aced wi th a pl exu s of  s i l l s  a nd  
d i kes o f  basa l t ,  brecc i a , a nd pepe r i te that  a ttest  to  the l oca l or i g i n  of  t he  extrus i ve 
sequenc e .  The  Depoe B ay Ba sa l t i s  overl a i n  by penecontempo raneou s l y  defo rmed ma s s i ve 
a r kos i c  sandstone  a nd t h i n -bedded s i l t s tone  a nd sa nd s tone  i nfo rma l l y  referred to as  the 
s and stone of Wha l e Co ve . 

The  mi dd l e u n i t  o f  t he three M i ocene basa l t sequences , the Cape Fou l weat he r  Ba sa l t 
( S nave l y  a nd others , 1 973 ) , o ve rl i e s  the  sandstone  o f  W ha l e Cove i n  severa l  l o ca l i t i es 
a l o n g  t he coast  between  Newpo rt a nd the Co l umb i a  R i ve r , and  d i kes and  s i l l s  rel a ted to 
t h i s ba sa l t a re common nea r  t he coa s t .  T h e  mo st  ex tens i ve expo s u re of  th i s u n i t  i s  at  
the  type l oca l i ty ,  C a pe Fo u l weather  ( f i g . 1 2 ) ,  about 16  km  north of  Newport , where i t  
co n s i s t s  c h i e f l y  o f  rude l y j o i nted brecc i a ,  tu ff brecc i a ,  and  mi nor  th i n  fl ows tha t a re 
cu t by rel ated d i kes , s i l l s ,  vo l c a n i c necks , a nd  i rregu l a r  i n tru s i ve bod i e s .  T he ba sa l t 
sequence  a t  C a pe Fou l weather  i s  l a rge l y  o f  subaer i a l  or i g i n ,  but bedd ed l a pi l l i  tuffs and  
brecc i a  that  a re expo s ed 3 to 7 km north o f  C a pe Fou l wea ther proba b l y  formed a broad 
fr i n g i n g ma r i n e  a pron a ro u nd the s u ba er i a l  v o l ca n i c  cente r .  The Cape Fou l weather  
vol ca n i c s  a re re s t r i c ted to the  i n ner s he l f a nd do  no t extend a s  fa r we s t  a s  the Nau t i l u s 
we l l . They presumab l y g rade  l a teral l y  i n to s tra ta equ i va l ent to the sandstone  of Whal e 
Cove  ( f i g .  2 )  be fo re reac h i ng  the a rea o f  t he we l l . Yaqu i na Head , 3 km north of  New
port , a l s o  i s  u nderl a i n  by f l ows , brec c i a , d i kes , and s i l l s  of  Ca pe Fou l weat h e r  Ba sa l t .  
D i kes  a nd s i l l s  o f  C a pe Fou l wea ther  a l so  occu r fa rther south  a l ong  the coa s t  a t  Sea l  
Roc ks a n d  c u t  M i ocene  a n d  O l i gocene  ma r i ne  s and s to n e  a n d  s i l t s to n e  ea st  of  the coa st  
between Cape  Fo u l weather  a nd Newpo rt . The  you nges t  o f  the th ree coa sta l  M i ocene  ba sa l t 
u n i t s  i s  ex po sed  o n l y  i n  the  Coast  Ra nge o f  southwe s tern Wa s h i n gto n ( S na v e l y  and other s , 
1 9 73 ) wh ere i t  i s  i n te rbedded i n  s ed i menta ry roc k s  o f  the l ower pa rt of the Montes a no 
Fo rma t i o n  o f  Wea ver ( 1 9 1 2 ) .  

The  t h ree M i ocene  basa l t u n i ts a re the same a ge a s  petroc hemi c a l l y ,  i s otop i ca l l y ,  
and  pa l eomagnet i c a l l y  i den t i ca l  u n i ts wi th i n the Ya k i ma Subgroup  o f  the Co l umbi a R i ver  
Ba sa l t Gro up  wh i ch wa s e ru pted from vents  500  km  to  the ea s t  o n  the Col umb i a  P l ateau 
( S nave l y  a nd others , 1 973 ; McDo uga l l ,  1 976 ) .  

A maj o r  ep i sode  o f  u nd erth ru s t i n g  i s  i n ter preted to ha ve occu rred i n  l a te mi dd l e 
Mi ocene  t i me .  A w i des pread u nconfo rmi ty at the ba se o f  the l a te M i ocene  i n  southwe s t  
Wa sh i n gton a nd o n  the  Orego n a nd Wa s h i n gton c o n t i nenta l s he l ves  reco rd s reg i o na l u pl i ft 
that  p roba b l y  occurred i n  res po n s e  to th i s  per i od o f  co nverge nc e .  M i d d l e M i ocene  and 
o l der strata were u p l i fted a nd fol ded on  the i nner  s he l f and  l a ter we re tru nca ted by 
ero s i o n  pr i or to d ownwarp i ng  a nd the depo s i t i o n o f  upper  M i ocene  and  P l i ocene  ma r i ne 
stra ta . Ac o u s t i c a l  prof i l e s a c ro s s  the a n t i c l i na l  s truc tu re tested by the Nau ti l u s we l l  
c l earl y s how t he marked trunca t i o n  o f  m i dd l e M i ocene  strata at the ba se  of  the l a te 
M i ocene  u nc o n form i ty ( c ro s s  sect i on , f i g .  6 ) .  Ba sa l t fl ows tha t occur nea r  the ba se of 
t h i s u nco nfo rm i ty i n  t he Grays H a rbor ba s i n of southwes tern Wa s h i n gton ha ve a K/Ar  age of 
a bout 9 m . y .  ( Snavel y a nd others , 1 973 ) .  

The  a x i a l  pa rt o f  the  marg i na l ba s i n  s h i fted wes twa rd but  rema i ned the s i te of  
co n t i nued , but  probab l y  e p i sod i c , d ownwarp i ng  from l a te M i o c ene to  P l e i s tocene  ti me a nd  
mo re tha n 2 000 meters o f  s and a nd s i l t we re depo s i ted on  t he  co nt i nenta l  she l f ( f i g .  2 ) .  
The broad ba s i n wa s es sen t i a l l y  f i l l ed wi th P l i ocene  to m i d d l e ( ? )  P l e i s tocene sed i men ts , 
but  by l a te P l e i s tocene  t i me d ownwarp i ng  had  genera l l y  ceased _ a nd  u pper P l e i s tocene and 
Hol ocene  depo s i ts extended acro s s  t he bas i n  and  l a pped onto o l der  strata a l o n g  both  
ma rg i n s . 

U ndert hru s t i ng  a ppea rs to have  re sumed i n  the l a te ( ? )  P l e i s tocene  and may s t i l l  
cont i nue  a l o n g  some segments o f  t he Oregon a nd Wa sh i n gton co nt i nenta l ma rg i n .  T h i s 
ep i sode  o f  compres s i ona l  tecto n i c s  formed b road fol d s  and imbr i cate thru sts  that  fol d ed 
and u p l i fted the  P l i o cene a nd P l e i s tocene  trenc h and aby s s a l  pl a i n  depo s i ts i n  the upper  
pl a te { c ro s s  sec t i o n , f i g .  6 ) .  Abou t 1 2  km  sou t h  o f  the cross  sec t i o n  a study of  
Fo ram i n i fera in  mud s to ne sampl es  c o l l ected on  t he l ower s l o pe i nd i cates tha t s i m i l a r 
depo s i ts t here have been u p l i fted a s  mu ch  a s  1 1 00 m ( Ku l m  and Fowl er , 1 974 ) .  At th i s 
t i me a wed ge o f  i n ferred u pper O l i gocene to up per mi dd l e M i ocene  me l a nge  and bro ken 
format i on  betwee n t h ru s t  fa u l t s C a nd B ( f i g .  6)  wa s u pl i fted by an  imbr i cate set of 
l a ndwa rd-d i pp i n g thru s t  fau l ts as were the overl yi ng  abyssa l  P l i ocene ( ? )  depo s i ts o n  the 
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upper  s l o pe . 

A compl ex zone  o f  norma l fau l ts occurs  o n  the i n ner c o n t i nenta l  s he l f nea r the ea s t  
e n d  o f  t h e  cro s s  sec t i on  ( f i g . 6 ) .  H i gh-reso l u t i o n  p ro f i l e s acro s s  th i s zone  i nd i c a te 
that  ma ny o f  these  s teep l y  ea st-d i pp i n g  norma l fau l t s offset  Hol ocene ( ? ) depos i ts .  At 
l ea s t  o ne of these  fa u l ts  reac hes  the sea fl oo r .  Severa l no rma l fau l t s , wh i c h have an 
aggregate strat i gra ph i c  t hrow o f  abo u t  1 000 m (B ra i s l i n  and other s ,  1 9 7 1  ) ,  are present i n  
the nearsh o re a rea a nd north- tren d i ng  norma l fau l ts that offset the Asto r i a  Forma t i o n  
have been ma pped n ea r  t h e  c o a s t  i n  t h e  C a pe Fou l weather  a n d  Yaqu i na qu adrang l es ( S nave ly  
a nd  others , l 976a , l 976c ) .  T h e  i n ner-she l f zone  of  normal  fa u l t i n g ,  on  t he  ba s i s of  
l i nea r aeromagnet i c  a noma l i es ,  c an  be extended about  35  km  south  of the cro s s  sect i o n  and  
mo re than  90 km  north  o f  i t .  Severa l earthqua kes wi t h  i n ten s i t i e s  of  I I I  to  I V  were 
l oca ted near Newpo rt ( Berg  a nd Ba ker , 1 963 ) ;  t hey may have been generated by movement  on 
one o r  mo re o f  these norma l fa u l ts .  T he z o ne of  normal  fa u l t i n g is a s tr i de the " h i nge  
l i n e "  between a reas  of  po st- l ate  M i oc ene subs i denc e in  t he deep ma rg i na l  ba s i n  and up l i ft 
i n  the Coast  Ra nge . T hese  norma l fau l ts may resu l t  from exten s i o n  a nd attenu a t i o n  of  the 
upper p l ate  acro s s  t he i n ner s he l f d ue to the  t h i c ken i n g a nd up l i ft of strata i n  the upper 
p l a te by i m b r i cate thru s t  fau l t i ng o n  t he o u ter cont i nental  s he l f and  s l o pe . 

I n  summa ry , the  Te rt i a ry a nd Quaternary sequences  now present  on the Oregon cont i 
nental  mar g i n a re i nterp reted a s  part o f  a n  upper p l a te a bove  a l ow-a n g l e ea st-d i pp i ng 
mega -thru s t  bel ow wh i c h  t he Pac i fi c  p l ate  ha s a nd may st i l l be undert hru s ti ng  the North  
Ame r i can  p l a te .  As a resu l t  o f  t h i s rel a t i ve  eastwa rd mot i on , the Tert i a ry strata  i n  the 
upper p l ate  ha ve been compres s i ona l l y  d e formed acro s s  a 7 5- km be l t that extends  from the 
base o f  the  s l ope l a ndwa rd to t he wes tern f l a n k  of  the marg i na l ba s i n  ( f i g .  6 ) .  
The  tecto n i c  framewor k  i n  t he u pper p l ate , a s  i n terpreted from ou r se i sm i c  pro fi l e ,  i s  
co n s i stent  wi th  a model  o f  ea stward d i p - s l i p moveme nt  o f  a n  ocea n i c pl a te o n  a l ow
d i pp i ng  u n derthru s t . Ma j o r  zones  of  vert i ca l  cru s ta l  movement i n  the upper pl ate  appear 
to  have a ge neral  pattern of  ( l ) u p l i ft a l ong  the cont i nenta l  s l ope and outer she l f by 
broad  fo l d s and  by a n  i mbr i cate s e t  o f  l a ndwa rd d i pp i n g  thru s t  fau l t s ( 2 )  reg i o na l  s ubs i 
dence  i n  the  ma rg i na l  ba s i n o n  the i n ner  s he l f a nd ( 3 )  u p l i ft i n  the Coa st  Rang e .  T hese  
zo nes of  vert i c a l  defo rmat i o n  a ppear to  trend rou g h l y  pa ra l l e l to  the present  l oc u s  of  
u nderthru s t i n g  a t  the  base  o f  the  s l ope a nd i nd i cate  a genera l l y  ea s twa rd d i rec t i o n  of  
underthru s t i n g . A s i m i l ar model  of  reg i ona l  up l i ft a nd subs i d ence  wa s documented by 
P l a fker  ( 1 9 7 2 )  a c ro s s  the  cont i nenta l  ma rg i n  o f  Al a s ka fo l l ow i n g  the  1 964 earthq u a ke . 
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F i g u re 1 .  G e n e ra l i z ed geol o g i c  ma p o f  t h e  we s t- c e n t r a l  p a r t  o f  t he Oregon C o a s t  R a n g e  ( mod i f i ed from 
Sna v e l y and o t h e r s , 1 97 6 a , b ,  c ) and i ndex ma p s ho w i n g road netwo r k  and l o c a t i o n s  of s to p s . 
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i ntrusives 

F i g u r e  2 .  Genera l i z ed compo s i te s t r a t i g ra p h i c  s ec t i o n ,  c e n t ra l  O rego n 
c o n t i n e n t a l  ma rg i n .  C o l umn A ,  ba s ed on geo l o g i c  ma p p i n g  by 
Sna vel y a n d  o t h e r s , l 9 7 6 a , b ,  c ;  c o l umn B ba s ed o n  u n i t s 
pen etra ted i n  Sta nd a rd - U n i o n  N a u t i l u s  t e s t  wel l ( B ra i s l i n  a n d  
o t h e r s , 1 9 7 1 ) a n d i n t e r p reta t i o n o f  2 4 - c h a n n e l  s e i s m i c p ro f i l e  
( S n a v e l y  a n d  o t h er s , 1 98 0 ) .  No vert i c a l  s c a l e i nd i c a ted . 
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Figure 4 .  Rhythmi cally beddea sandstone and s i l tstone of the Tyee Forma tion 
of middle Eocene age. Road-cut exposure along State Route 20, 4 miles 
east of Toledo, Oregon (Stop 1 ) .  

Figure 5 .  Tyee Formation showing graded units that range from 
medium-grai ned arkosic wacke i n  lower part to s i l tstone i n  
upper part. Exposure along the S i l etz River (near second 
day l unch stop) about 9 miles north of S i l etz, Oregon. 
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CORRELAT ION OF GEOLOG I C  UN ITS 
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( From B e r g  and others, 1966J 

DESCRIPTION OF GEOLOG I C  UNITS 

S i l t  and sand (Hol ocene and upper P l e i stocene)--11ari ne ,  semiconso l i dated 

Sandstone and s 1 1 tstone ( P l e i stocene, Pl i ocene, and upper Jllli ocene )--ma r i n e ,  
fi ne-gra i n ed ;  dashed l i ne m a r k s  P l e i stocene- Pl i ocene boundary 

Thol ei i t i c ( ? )  basa l t  ( u pper Mi ocene) 

Sandstone and s i l t stone (midd l e  to lower Jllliocene )--ma r i n e ;  contai n s  
interbedded middl e Mi ocene ba s a l t  fl ows a n d  brec c i a  ( b l a c k  u n i t s )  

I nferred mel a nge a n d  broken fonna t i o n  (midd l e  M i ocene t o  u pper O l i gocene ) - 
mari n e  

S i l tstone a n d  mudstone (Ol i gocene a n d  u p p e r  Eocene)--ma r i n e ;  conta i n s  
m i nor sandstone a n d  congl Qllerate a n d  interbedded basa l t  p i l l ow l a v a .  
brecci a , and l a pi l l i tuff ( b l ac k u n i t s )  

Turbi d i t e  sandstone a n d  s i l tstone (midd l e  a n d  u pper Eocen e ) - -mar i ne 

Inferred arko s i c  wacke ( Eocene ) - - ma r i n e  

P i l l ow basal t and brecc i a  (midd l e  to l o w e r  Eocene )--mari n e ;  conta i n s  m i nor 
s i l t s tone and ba sa l t i c  sandstone, in part subaer i a l  onshore 

F i gu re 6 .  G e n e ra l i z ed g eo l o g i c  c ro s s  s ec t i o n  o f  t h e  c e n t r a l  Oregon c o n t i n e n t a l  ma rg i n  ( S n a v e l y ,  Wa g n e r , a n d  
L a n d e r ,  1 98 0 ) . L oc a t i o n s  o f  e x p l o ra to ry t e s t  wel l s  s hown o n  i ndex ma p i nc l u d e : ( 1 ) S t a n d a rd - U n i o n  
P - 0 1 03 ; ( 2 )  U n i o n  O i l Co . F u l ma r  P - 0 1 3 0 ;  ( 3 ) P a n  Ame r i c a n  O i l  C o . P - 01 1 2 ;  a nd ( 4 )  D S D P  S i te 1 7 5 .  
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Figure 7 .  Thi n-bedded tuffaceous s i l tstone with thin l i ght-gray 
tuff beds; upper part of the late Eocene Nestucca Formation.  
Road-cut along Yaquina River three m i l es southwest of Toledo, 
Oregon ( Stop 3 ) .  

Figure 8 .  Massive concretionary tuffaceous s i l tstone and fine
grained sandstone of the Ol i gocene Al sea Formation . 
Road-cut along Yaquina River road 6 . 3  miles southwest of 
Toledo, Oregon (Stop 4 ) .  
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Figure 9. Cros s-bedded pebbly sandstone i n  the marine a n d  nonmarine 
l ate O l i gocene Yaquina Formation of deltaic origin.  Thi rty foot 
qua rry face exposure on road along Yaquina River 1 . 4  miles south 
of the vi l l age of Yaquina ( Stop 5 )  . 
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Figure 1 0 .  Massive organic-rich Nye Mudstone of early Miocene age with 
l edge-forming beds and lenses of dolomite. Road-cut on north side 
of Yaquina Bay (Stop 6 ) .  
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Figure 1 1 .  Unconformable contact between dark-gray Nye Mudstone and the 
overlying l i ght-gray Astoria Forma tion at Jumpoff Joe, Newport, 
Oregon. These Miocene u n i t s  are here overl a i n  by P l e i stocene 
depo s i t s .  

Figure 1 2 .  Cape Foul weather (Stop l A )  i s  a former eruptive center o f  basa l t  flows 
and brec c i a s  of middle M i ocene age. The headl a nd ri ses 500 feet above sea 
l evel and i s  capped by Plei stocene terrace depos i ts .  
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Ta b l e 1 .  Avera g e  c h em i ca l c ompos i t i o n  o f  s e l ected vo l c a n i c  a n d  i n t ru s i v e ro c k s o f  t h e  
c e n t ra l  p a r t  o f  t h e  O r e g o n  C oa s t  R a n g e  ( a v e ra ge s  rec a l c u l a ted wa ter- f re e ) .  

Lower a n d  m i d d l e L owe r ( ? )  u p p er U p p e rmo s t  M i d -
Eoc e n e  E o c e n e  Eoc e n e  L owe r O l i g o c e n e  0 1  i go c e n e  M i dd l e M i o c e n e  

S i l etz R i ver V o l ca n i c s  Al b i t i z e d  Y a c h a t s  B i o t i te N e p h e l i n e Gra n o p hy r i  c D e p o e  Bay C a p e  Fo u l wea t h e r  
D i a ba s e  B a s a  1 t Campto n i te Sye n i t e  Ga b b ro B a s a l t B a s a l t 

2 3 4 5 6 7 8 9 

S i 0 2 49 . 0  48 . 2  5 0 . 0 5 1 . 4  4 1 . 0  60 . 2  5 7 . 2  5 5 . 7  5 1 . 9  

A l 2 o3 1 4 . 5 1 6 . 0 1 5 . 1 1 7 . 6  1 3 . 1 1 9 . 0  1 3 . 1  1 4 . 0  1 3 . 9  

F eO+Fe 2 o
3 1 1 . 6  1 2 . 0  1 2 . 3  1 0 . 9  1 6 . 5  6 . 0 1 4 . 3  1 2 . 3  1 4 . 5  

MgO 8 . 3  6 . 1 5 . 2 3 . 6  7 . 6  0 . 2 2 1 . 3 3 . 6  4 . 1  

C a O  1 2 . 2  7 . 4  1 0 . 0  8 . 7  1 0 . 0  1 . 2 5 . 3 7 . 1  7 . 9  

Na 2 o 2 . 3  4 . 3 3 . 6 3 . 6  3 . 6  8 . 6 3 . 7  3 . 3  3 . 0  

K2
0 0 . 1 7  1 . 9 0 . 5 5  1 . 0  2 . 1 4 .  1 1 . 8 1 . 4 1 . 0 

T i 02 1 . 6 3 . 3  2 . 2  2 . 6  4 . 5 0 . 1 6  1 . 9  2 . 0  3 . 0  

P2
0 5 0 .  1 5  0 .  7 1  0 . 3 5 0 . 5 9  1 . 4 0 . 2 3 0 .  7 7  0 . 38 0 . 69 

MnO 0 . 1 9  0 . 2 0  0 . 2 2 0 .  1 6  0 .  2 1  0 . 2 3  0 . 2 8 0 . 2 1  0 . 2 2 

Number of 
a n a l y s e s  3 9 1 7  2 0  3 1 1  3 8 1 1  

1 .  T ho l e i i t i c  ba s a l t from l ower part o f  S i l etz R i v er V o l ca n i c s  ( S na v e l y  a nd o t h e r s , 1 968 ) .  

2 .  Al ka l i c ba s a l t from u pper part of S i l etz R i v er V o l c a n i c s ( S n a v e l y  a nd o t h e r s , 1 968 ) . 

3 .  Al b i t i z ed d i a ba s e  s i l l s  a nd d i k e s , E u c h r e  M o u n ta i n  ( T s r i , f i g . 1 ) ,  V a l s etz , and G r a n d e  Ro nd e q u ad r a ng l e s .  

4 .  B a s a l t from Wa l d po r t , T i d ewa ter , a n d  M a p l eto n q u ad r a n g l e s ( Sn a v e l y a nd o t h e r s ; 1 9 69 ) . 
5 .  B i o t i t e campto n i t e  d i k e s , Eu c hr e  M o u n t a i n  q u a d r a ng l e .  

6 .  N e p h e l i n e syen i te s i l l s ,  d i k e s  and s t o c k ,  T i d ewa ter a n d  Wa l d po r t  q u a d r a n g l es .  

7 .  C h i l l ed ma rg i n ba s a l t ,  C ed a r  C r e e k  g r a n o p hyr i c  g a b bro s i l l , Eu c h re Mo u n ta i n  q u ad r a ng l e .  

8 .  D epoe Bay Ba s a l t ,  no rt hwe s t ern Oregon ( S nav e l y  a nd o t h er s , 1 97 3 ) . 

9 .  C a p e  Fou l wea t h e r  Ba s a l t ,  nort hwe s tern O r e g o n  ( S na v el y and o t hers , 1 97 3 ) . 
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T R I P  3 .  GEOLOGY O F  T H E  WEST - C E NT RAL PART O F  THE  
O R E GON COAST RAN G E  

ROAD LOG ( F i r s t  Day ) 

Sta rt o f  t r i p o n  U . S . Ro u te 2 0 ,  4 m i l e s 1 N E  o f  Tol edo , Orego n . 

Sa nd s to n e  a nd s i l t s to n e  o f  t h e  m i dd l e Eocene Tyee Forma t i o n  a re expo s e d  
i n  road c u t ( f i g . 4 ) .  I n d i v i du a l  beds a re gra ded from s a n d s to n e  at the 
b a s e  to s i l t s t o n e  at t h e  t o p ; s ome s i l t s to n e  i n terbed s we re penec o n 
tempo ra neou s l y  d efo rmed . S i l t s t o n e  r i p u p s  a re a b u n d a n t  i n  t h e  l ower 
s a n dy pa rts of mo s t  bed s , a nd c a rbo n a c eo u s  ma te r i a l  i s  gen e ra l l y  
s c a ttered t h r o ug h o ut . Fo s s i l s  a r e  a b s e n t  exc ept fo r Forami n i fera i n  ra re 
t h i n  hemi pel a g i c  c l ays tone l a mi n a e  t h a t  occ u r  at the to p s  of a few beds . 
T h e  g ra ded s a nd s t o n e  be d s  ( f i g .  5 ) , so l e  ma r k i n g s , i n terna l struc tures , 
a nd l ac k  o f  fos s i l s  i nd i c a te t h a t  the s a n d s to n e  a n d  s i l tstone be d s  that 
c o n s t i tute t h e  Tyee Fo rma t i o n  a re t u r b i d i tes . T h e  north e rl y or i e n t a t i o n 
o f  fl u te a nd g roove c a s t s  ( a rrows , f i g .  1 )  i n  the Tye e Forma t i o n  over 
mu c h  o f  t he Oregon C o a s t  Ra nge i nd i c a tes that the so u rc e  a rea wa s a b o u t  
1 5 0 m i l e s s o u t h  o f  t h i s l o c a l i ty i n  t h e  a n c e s tra l  Kl a ma t h  Mou n ta i n s .  
A b o u t  3 0  m i l e s n o r t h  o f  t h i s l o ca l i ty the t u r b i d i tes  grade l a teral l y  i n to 
a p redomi n a n t l y s i l t s to n e  s e q u e n c e  ( l ower pa rt o f  the Y amh i l l  Forma t i o n ) .  

C o n t a c t  b e twee n  t h e  Y a mh i l l  a nd the Tyee Fo rma t i o n s . 

J u nc t i o n  o l d U . S .  Ro u t e 2 0 .  T u rn l e ft towa rd Tol edo . T o l edo i s  under
l a i n  by t h e  Y a mh i l l  Fo rma t i o n , t he l i g h t - b rown we a t h e re d  s i l t s to n e  that 
c ro p s  out a l o n g  t h e  roa d . T h i s roc k i s  h i gh l y  s u s c e pt i b l e to l a nd s l i d 
i n g .  

T h e  h i l l s  to t h e  s o u t h  o f  t h e  roa d a re hel d u p  by s a nd s to n e  o f  the Tyee 
Fo rma t i o n . 

T h e  l a rge i n tegraded saw m i l l - pa pe r  p l a n t  to the r i g h t  i s  operated by 
Geo rg i a - P a c i f i c  Co rp . T h e  l a rge c u ts to the we s t  beyo nd the m i l l  a re i n  
tu ffa c e o u s  s i l tstone o f  t he A l sea Forma t i o n .  

J u nc t i o n  Down town T o l edo . P roc eed o n  o l d U . S .  Route 20 .  

" M i n n i e ' s  S u n s e t  Ca fe "  l oc a l i ty o f  C u s hma n , S tewa rt ,  a n d  Stew a rt ( 1 94 9 ) 
( now Gordon ' s  C a fe )  of t h e  Y a mh i l l  Fo rma t i o n .  T h i s forma t i o n  u nd e r l i e s 
the town o f  T o l edo a nd a l thou g h  poo rl y ex po sed i s  mo re th a n  2 000 fee t 
t h i c k .  Foram i n i fera a t  t h i s l o c a t i o n  a re a s s i gned to the l ower pa rt of 
t he N a r i z i a n  ( e a rl y  l a te Eocene ) ,  wh e rea s the l ower pa rt of the Yamhi l l  
i s  l a te U l a t i s i a n ( l a t e  m i dd l e Eocene ) .  T h e  Y amh i l l  i s  a n  o r g a n i c - r i c h 
s i l t s to n e  a nd mu d s to n e  wh i c h c o n ta i n s a bu nda n t  ye l l owi s h - g ray ca l ca reo u s  
c o nc ret i o n s  a nd t h i n  a rkos i c  s a nd s tone bed s . T h e  Yamh i l l  a nd o l d e r  
E o c e n e  fo rma t i o n s  a r e  m o r e  s t ruc t u ra l l y  comp l e x  t h a n  the T er t i a ry s e q u e n c e  
a bove t he l a te E o c e n e  u nc o n fo rm i ty .  I n  the a rea be twe en Tol e do and 
S i l e tz , m a ny fo l d s a nd fa u l t s  ma pped wi t h i n  t h e  Yamh i l l  a n d  Tyee Fo rma 
t i o n s  do n o t  extend a bove the u nc o n fo rm i ty a t  the ba s e  of the N e s t u c c a  
Forma t i o n . 

P roc eed we s t  towa rd N ewpo rt o n  o l d U . S . Rou te 2 0 .  

1 Metri c sys tem i s  not u s ed i n  t h e  road l o g s e c t i o n s  o f  t h i s f i e l d t r i p g u i d e a s  
odometers o n  mo s t  c a r s  d o  n o t  reco rd k i l ometer s .  
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1 0 . 1  Stop 4 

J u nc t i o n  o f  Yaqu i na Bay Road and  o l d U . S .  Ro ute 20 . Turn  l eft towa rd 
Newport . 

Fa u l t contact  between the  Yamh i l l  Forma t i o n  to the  ea st and  the l owe r 
a nd m i dd l e O l i gocene  A l sea Format i on o n  the  we s t .  Sou th  o f  br i dge  
a c ro s s  Depoe  C reek  are  l a rge c uts  of  ma ss i ve tuffaceous  s i l tstone  wi t h  
t h i n  t u ffaceou s  i n terbed s - - the  A l sea Forma t i o n . 

La rge expos ure o f  t he  Al sea  Forma t i o n  s i l tstone  wh i c h conta i n s t h i n ,  
l i g ht-co l o red vo l ca n i c  a s h  bed s . O n  the  l eft i s  a good v i ew of  the 
G . P .  m i l l . 

Contact  between the  Al sea  Fo rma t i o n  and  the  under l y i n g  g l au co n i t i c 
s andstone  i n  the  u pper part  o f  the  u pper Eocene N estucca Format i o n .  

U p l i fted estua r i n e  depo s i ts o f  l ami nated and  th i n -bedded s i l ts .  

E s tu a r i ne depos i ts o verl y i n g  the  N es tucca Forma t i o n .  

No rthea s t  end o f  Boone I s l a nd , a c ut-off mea nder  of  the Yaqu i na R i v er .  

T h i n - bedded tuffaceo u s  s i l tstone  o f  the  upper  Eocene  Nestucca  Forma t i o n  
wh i c h  conta i n s 1 - t o  4 - i nch  t h i c k  l i ght- brown a s h  beds  a n d  1 - foot- t h i c k  
bed s o f  t uffaceo u s  g l aucon i t i c  s i l t s tone  ( fi g .  7 ) .  T he Nestucca grades 
u pwa rd i nto the  o verl y i ng  ma ss i v e  Al sea s i l tstone . S i l tstone  at  t h i s 
l oc a t i o n  conta i n s a foram i n i fera l fauna  a s s i g ned to the l ate Nar i z i a n  
Stage . T h e  Nestucca  i n  t h i s area i s  o n l y  about  800 feet th i c k ,  whe rea s 
i n  t he type a rea , 3 5  m i l es to the  north  i n  the  Hebo qu adrangl e ,  i t  i s  
mo re than  5 000 feet th i c k .  T h e  sma l l fa u l t  a t  the ea st  end o f  the o ut
crop  downdrops  the  over l yi n g  Al sea . T h i n zones  of penecon tempo raneo u s  
deforma t i o n  proba b l y  resu l t  from s ubma r i ne  s l ump i ng a l ong  some of  the 
tuff  i n terbeds . 

C o nt i nue  wes t  a l o n g  Yaqu i na Bay Road . 

We s t  d ra i na ge o f  Boone  I s l and  c u t-off meander .  

U nc o n fo rmab l e contact  o f  the  Nestucca  Forma t i o n  and  the  underl yi n g  Tyee 
Fo rma t i o n . T h e  u nco nformi ty a t  the base  of  the  Nestucca  Forma t i o n  i s  
the  maj o r  u nconfo rmi ty i n  the  Oregon  Coa st  Ran ge and  o n  the adj ac e nt 
cont i nenta l s h e l f .  

Me d i um- t o  t h i c k-bedded  s andstone  of  the Tyee Forma t i o n  crops  ou t  o n  the 
r i g ht .  

Tyee-Nes tucca contac t .  

T o  t he l eft i s  o n e  o f  t h e  oys ter " factor i e s "  o n  A l sea  Bay . 

Contact  between  s i l tstone  o f  the  A l sea Forma t i o n  a nd th i n -bedded tuffa
ceous  s i l tstone  of t he Nestucca  Fo rma t i o n . 

T he  basa l  part  o f  t he Al sea  Forma t i o n  i s  expo sed  i n  roa d  cu t .  Forami n i 
fera from t h i s  o u tc ro p  i nd i ca te a n  ea r ly  O l i goc ene age ( Refug i a n  Sta ge ) .  

Ma s s i ve concret i o na ry t uffaceo u s  s i l tstone and  f i ne- gra i ned sa ndstone  
o f  t he Al sea  Fo rma t i o n  wh i c h  conta i ns th i n  tuff beds ( fi g .  8 ) .  
Mo l l u s k s  from t h i s pa rt of  the u n i t i nd i cate  a mi dd l e O l i goc ene  age . A 
d i verse  a s s embl a g e  refera b l e to the " L i ncol n Sta g e "  ( Refu g i a n ) occ u r s  
w i th i n 2 5 0  f e e t  s trat i gra ph i ca l l y  o f  t he contact  wi t h  t h e  u nderl y i n g  
Nes tucca Fo rmat i o n , a nd mol l u s k s  referab l e  t o  t h e  l ower pa rt of  the 
" B l a ke l ey Stage "  ( Zemorr i a n ) occur wi th i n  1 00 feet of  the contact wi th  
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the  over l y i n g  Yaqu i na Fo rmat i o n .  The  a b undant  a s h  and  pum i c e  i n  the 
O l i gocene  s trata i n  wes tern  Oregon a nd Was h i n gto n we re der i ved from 
pyroc l a s t i c  vo l ca n i sm i n  an ances tra l Cascade  Ra nge . 

Grada t i o n a l  c ontact  between the  Al sea Forma t i o n  and  the overl y i n g  Yaqu i n a 
Fo rma t i o n . 

Ma s s i ve ,  c ro s s -bedded , a nd t h i n -bedded sa ndstone  and  i n terbedded dark
gray ma r i ne s i l tstone  of  t he Yaqu i na Forma t i o n  are expo sed i n  o l d 
q ua rry ( f i g .  9 ) . T h e  s i l t stone  i n  th i s  o utcrop  conta i n s Foram i n i fera 
that  a re referred to the  Zemo rr i a n  Sta ge . Sandstone  fo rms the bu l k of 
the  Yaqu i na Fo rma t i o n  a nd i s  typ i ca l l y  c ro s s - bedded , g r i tty , and  conta i n s  
abu nda nt  pumi ce  fragments  a nd ca rbonaceous  ma teri a l . T h i c k  co ng l omerate 
beds , conta i n i n g c l a sts of s i l i c i c  vol c a n i c  and  metamorph i c  roc ks , a nd 
l es s  common t h i n coa l  s eams occur  i n  the  sa nd stone . I nterc a l a ted s i l t
s to n e  i s  i nd i s t i n gu i s hab l e i n  a ppea ra nc e  from the underl y i n g  Al sea 
Forma t i o n , a nd occurs  as th i n  beds a nd a s  i n terbe d s  more tha n 1 50 fee t 
t h i c k . Re g i o na l l y , th e Yaqu i na Fo rmat i on  has  a c rescent- s h a ped outcrop  
pattern , a nd to the  north  a nd  sou th it  str i kes  seawa rd onto the cont i nen
ta l  s he l f .  At Sea l  Roc k s , i ts most  southern  o n s h o re expo s u re , the  
Y a q u i na Fo rmat i on is  l es s  than  500 feet  th i c k .  I n  the  type sec t i o n  a l ong  
t he  Ya q u i na R i ver i t  i s  1 7 00 feet  th i c k ,  and  1 0  to  1 5  mi l es to  the north 
i n  the  d ra i nages  o f  Spencer a nd Roc ky C reeks  it is  we l l  over  2000 feet 
t h i c k .  N e a r  Ke rnv i l l e ,  2 2  m i l es north of S to p  5 ,  the Yaqu i na Forma t i o n  
a ga i n t h i n s  t o  a bout  5 0 0  fee t .  T he sed i mento l og i ca l  c haracte r i s t i c s  o f  
t he  Ya qu i na Fo rma t i o n  s u ggest  that  i t  i s  of  de l ta i c  or i g i n  ( S na v e l y  and 
Wa gner , 1 963 ; Goodwi n ,  1 97 3 ) .  Cont i nu e  wes t  a l o n g  Yaqu i na Bay Road . 

R i verbend Moorage . P l e i s tocene  terra c e  depo s i ts overl i e  the Yaqu i n a 
Forma t i o n  o n  the  r i g ht . 

F i s h i ng v i l l a ge o f  Yaqu i na .  T h i s was the  end of the ra i l road l i ne at  
the  turn  o f  the  century .  Ma s s i ve  fo s s i l i ferou s concret i o n a ry Yaqu i na 
sa ndstone  wi th some i nterbed s o f  g l a u co n i t i c  sa ndstone  i s  exposed i n  the 
l arge  cut on the  r i g h t .  The l a rge bl u e  dome at  ten o ' c l oc k  i s  a gas 
s torage fac i l i ty .  

Co ntact between the  Yaqu i na Fo rma t i o n  and  the Nye Mud stone . 

Expo s u re o f  the  concret i o nary Nye s i l t stone . 

Contact between  the  Nye a nd Yaqu i na Format i o ns . T he contact here trend s 
para l l e l to the  road . 

Ma s s i ve v ery tu ffac eous  f i ne-gra i n ed sand s to ne , typ i ca l  o f  the upper  
pa rt of  t he Yaqu i na Forma t i o n . 

Contact  between the  Nye Mud stone  a nd Yaqu i na Forma t i o n  i s  concea l ed i n  
the  smal l v a l l ey .  The  l ower pa rt o f  th e Nye Mud s tone  becomes i n c reas
i n gl y sa ndy toward i ts ba se  and  grades  o ver  a 50 - foot  i n terva l i n to 
tuffaceous  f i ne- gra i ned s andsto ne o f  the  upper  part of the u pper 
O l i gocene Yaqu i na Fo rma t i o n .  The co ntact is we l l expo sed  2 mi l e s south  
a l o n g  t he west  ba n k  o f  the Yaqu i n a R i ver . 

The  m i dd l e  p art o f  the  Nye Mu dstone , wh i c h here co nta i ns concret i o nary 
beds o f  d o l om i te ,  i s  exposed  i n  the road c ut  ( fi g .  1 0 ) .  T he Nye 
Mu d stone co n s i s t s  predomi nantl y of ma s s i ve ,  organ i c -r i c h  mud s tone  a nd 
s i l t stone . Brown f i s h  sca l es  a nd vertebrae are common . A l tho u g h  the 
roc ks conta i n  o n l y  a s pa rse  mo l l u scan  fa una , Forami n i fera , wh i c h  are 
a s s i gned  to the  Sa uces i a n Sta ge are genera l l y  abunda n t .  T he Forami n i 
fera , a s  we l l a s  oxygen  i s otope rat i o s , i nd i cate a col d -wa ter 
en v i ro nment d u r i ng  depo s i t i o n .  
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Proc eed wes t  a l ong  Bay Road . 

T he  h i l l s  north of  McC l ea n Po i nt are  l argel y l a nd s l i de mater i a l  of  the  
u n stab l e Nye  Mudstone . 

T h e  row o f  houses  a t  twe l ve  o ' c l oc k  a re on  P l e i stocene  ma r i ne terrace  
depo s i ts that  over l i e  the  Nye Mud s to ne .  

O n  the  north  s i de o f  the  roa d a re l owe r P l e i stocene  sands  that f i l l  a 
l a rge P l e i s tocene  c hanne l  c u t  i nto the Nye Mud stone . T h i s c hanne l  i s  
o verl a i n  by l i ght- brown weathered upper  P l e i s tocene  ma r i ne sand  and  
g ra ve l . 

T h e  o l d  f i s h i n g  commu n i ty o f  N ewpo rt rests  o n  the  Nye Mud s to n e  wh i c h i s  
c a pped by P l e i s tocene  mar i ne  terrace  depo s i ts .  

T he  roa d l ea ves the  bay a nd c l i mbs u p  onto the mar i ne  terrace depos i ts .  

U . S .  Coa st  Guard , Yaqu i na Bay Stat i o n . 

Proceed wes twa rd u nder  br i dge  to Yaqu i na State  Park .  

Yaqu i na State Pa rk , Newport , L u nch  stop . Fo l l ow pat h  to ba se  o f  j etty ,  
north  s i de o f  Yaqu i na Bay . T he u nco nforma b l e contact  between  the  ba sa l  
concre t i o n a ry a r ko s i c s andstone  of  the  m i dd l e M i ocene  Asto r i a Format i on 
and  the  u nderl y i ng  l owe r M i ocene  Nye Mudstone  i s  expo sed i n  the  sea 
c l i ff .  The fol l owi ng forami n i fera l spec i es l i s ted by Rau ( S nave l y a nd 
o th e rs , 1 964 ) a re among  those  that  occur  i n  the Asto r i a  Format i o n  but do 
not occur  bel ow th i s  c o ntact : 

B u l i m i ne l l a  e l ega nt i s s i ma ( d ' Orb i gny )  

Ro bu l u s  mayi Cu shma n a nd  Parker  

U v i ger i ne l l a  c a l i forn i ca o rnata C u s hman 

Commo n s pec i es occurr i n g  i n  the  Nye Mud stone  u p to the  contact bu t no t 
a bove i t  are : 

E l ph i d i um cf .  I· mi n u tum  ( Re u s s ) 

U v i ge r i na auber i ana  d ' Orb i gny 

Uv i ger i ne l l a  obesa  i mpo l i ta C u s hma n and  La i m i n g  

Al though  t h e  u nconfo rmi ty between the Asto r i a a n d  Nye Forma t i o n s  i s  not 
a l ways a pparent i n  s i n g l e expo s ures , reg i o na l  mapp i ng  has shown that the 
Astor i a  Fo rma t i o n  over l ap s  the Nye Mud sto n e  and  re sts  on the upper 
O l i gocene  Ya qu i na Fo rma t i o n  a bo u t  8 - 1 / 2  m i l e s north of th i s stop ( f i g .  
1 0 ) .  T h e  Nye-As to r i a  contact  i s  be st  expo sed a t  J umpoff Joe , 1 - l / 2 m i l es 
north  o f  t h i s s to p ( f i g .  1 1 ) .  Ma r i ne P l e i stocene terrac e depo s i ts  
overl i e  both M i ocene  u n i ts a t  t h i s l oc a l i ty .  North o f  the j etty i n  the 
s ea c l i ffs  a l o ng the  beach , ma ss i v e to we l l -bedded fo s s i l i fero u s  
s a nd s tone  o f  t he Asto r i a Forma t i o n  co nta i n s  i nterbedded s i l tstone ,  
ba sa l t i c  s andstone , a nd water- l a i d  dac i t i c  tuff  bed s u p  to 1 2  feet th i c k .  
T he ga bbro bou l ders  o n  the beac h  near the  ba se  o f  the tra i l  a re grano
phyr i c  ga bbro from a m i ddl e O l i gocene s i l l  (30  m . y . B . P . )  that crops  out 
a l ong  Cedar  Cree k ,  1 9  m i l e s to the  northea s t .  Mo s t  of  the j etty i s  
compo sed o f  t h i s g abbro , but  ear l i e r  neph e l i ne syen i te and  Tyee sand
s tone were u sed for j etty roc k .  
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Start  new m i l eage . Leave  Yaqu i na Bay State  Park , hea d ea st  to j o i n  
u . s .  l 0 1  • 

J u n c t i o n  U . S .  1 0 1 .  Tu rn r i g h t ,  a nd proceed south  acro s s  Yaq u i na Bay . 
T h i s br i dge  wa s b u i l t  i n  the  earl y 1 930 ' s  d u r i ng  the WPA days . To the 
east o n  the  l a nd- fi l l  pen i n s u l a i s  Orego n  State  U n i vers i ty ' s  Ma r i n e  
Sc i ence  Center . At e l even  o ' c l oc k  i s  Tab l e Mou n ta i n  wh i c h i s  ca pped by 
a 2 50-foot- th i c k  s i l l  o f  nephel i ne syen i te .  

T h e  h i g hway passes  through  P l e i s tocene  terrace  depo s i t s  mantl ed by act i ve 
a nd s ta b i l i z ed s a nd d u nes  that  overl i e  the Nye Mud s to n e . T he ter race  
depo s i ts c o n s i st  c h i e fl y  of  aeo l i a n  and  bea c h  sands  a nd wood- and 
p l a nt-bear i ng s i l t  a nd c l ay o f  fl uv i a l  a nd et4u a r i ne  or i g i n .  Fos s i l  
wood from t hese  terrace d epos i ts ,  d ated by C methods , i s  mor e  than  
3 8 , 000 yea rs o l d .  T h e  base  o f  the terra c e  i s  3 0  to  40  feet  above sea  
l eve l  near  Newport a nd d i ps gent l y  south  toward Seal  Roc k s , whe re i t  
l i es near  sea  l eve l . 

The  Nye Mu dstone  i s  we l l  ex po sed  i n  the  seac l i ff a l o n g  the stretc h o f  
beach  to the  r i g h t .  

Contact  betwee n  t h e  Nye Mu dstone  a nd the Yaqu i na Format i o n .  

Beaver Cree k .  

Seal  Roc k State Pa rk . 

T h e  basa l t s i l l s  a nd  d i kes  expo sed  at Sea l  Roc ks ( fi g .  1 3 )  cons i st  of  
C a pe Fo u l weather  Ba sa l t ,  the  younger  o f  two sequences  of  M i ocene  ba sa l t 
that  c rop  o u t  a l o n g  the  Oregon coast  between  here and  Asto r i a .  The  
C a pe Fou l weather  Ba sa l t i s  c harac ter i z ed by sparse  bu t d i s t i nct i ve  
yel l ow i s h  l a brador i te phenocrys ts  that  d i s t i ngu i s h it  from the aphyr i c  
Depo e  Bay Ba sal t ,  wh i c h  i s  s l i gh t l y  o l der . T he s i l l s  and d i kes  i ntrude 
c ro s s - bedded tu ffaceous  sa nd s tone  of the  Yaqu i na Forma t i o n  of  l a test  
O l i gocene  a ge . T h i s  i s  the  southernmo s t  expo s u re of  the Yaqu i na 
Fo rma t i o n  a nd near  the  south  end  o f  the del ta i c  l e n s  wh i c h i s  th i c kes t 
j u s t  north  o f  Newport . T he s i l l  a t  the head l a n d  i s  about  80 feet th i c k  
a nd i s  concordant w i th the  sandstone  beds i t  i n trudes . Fart her no rth , 
however , t h i s i n tru s i ve becomes d i scordant and  at i t s  northe rnmo s t  
expo s u re i t  i s  a n ea rl y  v ert i ca l  d i ke .  The  ou ter roc ks  a r e  proba bl y 
the Sea l  Roc k  s i l l that  i s  repea ted by a no rth-trend i ng norma l fau l t .  
On  the  c o n t i nenta l  s h e l f north-trend i n g  norma l fa u l ts  offset depo s i ts a s  
you n g  a s  Ho l ocene  i n  a g e  ( f i g .  6 ) . T he ba se  o f  the terrace depo s i ts 
h ere i s  near  sea  l evel  a nd r i ses  gent l y  no rthward  to 30 to 40 feet 
nea r N ewport . 

D r i ftwood State Park . 

Tu rn r i g h t  o ff U . S .  1 01 .  Fo l l ow a l ong  the north s i de o f  Al sea Bay on 
the  road to Bayv i ew .  The  d epos i t s here a re a n c i ent  dune sa nds . 

Road c u t  i n  the  Al sea  Forma t i o n  ( S nave ly  and  others , 1 97 5 ) wi th i n  the 
type l oca l i ty a l o n g  the  north  s i de of A l s ea Bay . T he Al sea cons i s ts of  
tu ffaceou s s i l t stone  a nd very fi ne-gra i ned sa nd s tone  wi th  i nterbeds of 
g l auco n i t i c  s andstone , tu ff a nd reworked l a p i l l i - tu ff . T he forma t i o n  
c o n ta i n s a b u ndant  mo l l u s k s  a nd forami n i fe rs t h a t  i nd i ca te a n  ea rl y 
( u pper  Refug i a n  - " L i nco l n "  Stage ) to l a te  ( Z emo rr i a n  - l owe r " B l a ke l ey "  
S ta g e )  O l i gocene  age . Sou thea s twa rd acro s s  the bay , Tabl e Mounta i n  i s  
o n  the  hor i zon . T h e  h i l l s  to the  sou th are hel d u p  by u pper Eocene  
Yachats  Ba sa l t wh i c h  does  not extend north  of  Al sea Bay a s  i t  grades 
no rthward i n to Nestu cca s i l tston e . P roc eed ea stwa rd travel l i n g  through  
A l sea Fo rma t i on . 
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T h i n  bedd ed f i ne-gra i ned sandstone  i n  the  l owe r pa rt o f  the Al sea  
Forma t i o n .  

Turn  a ro u n d  a t  red hou s e .  Retu rn to U . S .  1 0 1 .  

J u nc t i o n  U . S .  1 0 1 .  Tu rn r i g h t , and  proceed a c ro s s  br i d ge over Al sea  
Bay . 

Wa l dport , Oregon . 

I n  the  south  c i ty l im i ts  o f  Wal dport , t he bl u ff on  the r i g h t  i s  i n  the 
u pper part of t he A l sea  Fo rmat i o n  of Z emorr i a n  ( B l a ke l ey )  age . A 
mas s i ve  1 5- foot-th i c k  bed o f  mudf l ow brecc i a  co nta i n i n g andes i t i c and  
dac i t i c  c l a sts  d e r i ved from Cascade  Range  i s  expo sed  i n  the  upper  part 
of t he road c u t . Between here and  Yachats o n l y  P l e i s tocene  depo s i ts are 
exposed i n  l ow s ea c l i ffs and roa d  c u ts .  

Beac h s i de  State Pa r k .  

Turn  ea st , ( r i g h t )  o ff U . S .  1 01 o n  B l odgett Road ( Angel l s  J o b  Corp  
Center  s i gn ) .  Fo l l ow ma i n  d i rt road pa s t  center and  sawm i l l  to B l odgett  
Pea k .  

Quarry expo s u re o f  sma l l porphyr i t i c  nephe l i ne sye n i te sto c k  that  extends 
westward to  B l odgett Pea k ( f i g .  1 4 ) .  Anorthoc l a s e  phenoc rysts  in  the 
nephe l i ne syen i te have  been  o r i e nted by f l owag e .  T h i s fl ow ba nd i n g  
genera l l y  p a ra l l el s  c o ntacts  wi t h  sed i menta ry and  vo l can i c  roc ks . T he 
nephe l i ne syen i te body wa s a pparen tl y i nj ected fo rc i b l y  and deformed t he 
o verl y i ng s ed i mentary a nd v o l ca n i c  roc ks i nto  a doma l structu r e .  T he 
o u tc ro p  o f  nephe l i ne sye n i te may be o n l y  the sma l l s urface  expo sure  of a 
muc h  l a rger body at  dept h .  Other  nephe l i ne sye n i te bod i e s  crop  o ut  to 
t he east  i n  the  T i dewa ter quadrang l e ,  where they i n tru de  the Tyee 
Fo rma t i o n  ( f i g .  1 ) . The nephel i ne syen i te i s  compo sed  of anorthoc l a s e , 
K- fe l d s pa r , nephe l i ne ,  a na l c i me a r fvedson i te ,  aeg i r i ne ,  and  opaque  
m i nera l s .  T he  s t ro n g l y  u ndersatura ted nephe l i ne sye n i te appears  to 
rep resent  a l a te c on t i n uat i o n  of t he per i od of vo l ca n i sm  tha t produ ced  
the  upper  Eoc e ne basa l ts . A c l o s e  a rea l  a s s oc i at i o n  of  nephe l i ne 
sye n i te w i th  c ampto n i te a nd s ho n k i n i te i n  the  T i d ewater quadrang l e  
( f i g .  1 )  s u ggests  t hey may be comagmat i c .  T he average c hemi c a l  compo s i 
t i o n  o f  n e phe l i ne sye n i te i ntru s i ves  i n  the T i dewater  and  Wal d port  
q u adrang l es  i s  s hown i n  Ta bl e 1 ,  co l . 6 .  

Return  to  U . S .  1 0 1 by same rou te . 

J u n c t i o n  U . S . 1 0 1 .  T u rn to r i g h t ,  sou t h . 

At twe l ve o ' c l oc k  the  h i l l s  a re he l d u p  by upper  Eoc ene Yac hats  B a sa l t .  

Sme l t Sa nds  Beac h .  T u rn r i g h t  th i s s i de o f  the C he vron Sta t i o n  and  
proceed  to  beach . 

U p permos t  Eocene  bou l der a nd cobb l e co ng l omerate  de r i ved  from the 
u nderl y i ng Yac hats  Ba sa l t i s  we l l  expo sed i n  the  wa ve-cut  p l a tfo rm at 
t h i s stop ( f i g .  1 5 ) .  Severa l hu ndred feet of  fo s s i l i fero u s  ba sa l t i c  
s andstone  overl i es t he cong l omerate farther t o  the  north . T he con g l om
erate , wh i c h  c onta i n s bou l ders  as muc h  as 1 0  feet in d i ameter , wa s  
d e po s i ted o n  a n  i rregu l a r  s u r face  c ut  i n  ba sa l t fl ows , brecc i a , a nd 
a s soc i a ted d i ke s  o f  the  Yachats  Ba s a l t .  T he top of  i n d i v i du a l  fl ows 
c ommo nl y  have red ox i d i zed zones , and  some aerodynami ca l l y  s h a ped  bombs 
occur  i n  t he b recc i a , i nd i ca t i ng  t hey are  of  s u baer i a l  or i g i n .  T he 
Yachats  Ba sa l t ( a nd the  overl y i ng  cong l omerate-sandstone  u n i t )  ha s been 
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traced northward a s  fa r a s  Al sea Bay , bu t these  u n i ts are present  o n  the  
north  s i de of  the  Bay .  S i mi l a r ba sa l t i c  congl ome ra te and sandsto n e  u n i t s 
o verl i e  ma ny o f  the  l a te Eocene  vol ca n i c  seq u e nces  i n  wes tern Oregon and 
Wa s h i ngton . 

Proceed south  o n  U . S .  1 0 1 towa rd Yachats . 

T he  v i l l a ge  o f  Yac hats  rests  on a P l e i s tocene  te rrace cut  on the 
Yac hats  Ba sa l t .  

Ya c ha t s  R i ver . Ba sal t fl ows c ut by nume ro u s  feeder d i kes tha t are we l l 
expo sed a l o n g  the  c oa s t  and  i n  road c uts  are  pa rt of the u pper Eoc ene 
Yac hats  Ba sa l t .  Ta l u s brecc i a , terrace depo s i ts ,  and  dune  sands  
l oca l l y  ma nt l e the  vol ca n i c  roc ks . 

Ca pe Perpetua . T h i s  ru gged head l a nd i s  compo sed of 1 0- to 20- foot
t h i c k  s u baer i a l  f l ows of  Yachats  Ba sa l t c u t  by feeder  d i kes . 
I rregu l a r i t i es i n  t he coast l i ne are d u e  to d i fferent i a l  eros i on a l o n g  
numero u s  wes t-trend i ng fau l ts ,  j o i nts , a nd d i kes  ( fi g .  1 6 ) .  

Tu rn r i g ht  (west ) i nto Dev i l 1 s  C h urn  par ki ng l o t and  wa l k down tra i l  to 
the  coa s t  ( f i g .  1 7 ) .  

T h e  c hu rn wa s p roduced by ero s i o n  a l o n g  a fa u l t  i n  upper  Eocene  Yac hats  
B a sa l t fl ows t ha t  are  c u t  by d i kes . Note that  the  d i kes  on e i ther  s i de  
o f  the  fau l t-contro l l ed c hu rn do not matc h .  Several  sma l l ,  i rregu l a rl y  
j o i nted f l ows wi th aa  tops  a re exposed o n  the  wa ve-c ut  pl atform ; 
o x i d i zed  z ones are  deve l oped at the  tops  a nd ba ses  of  some fl ows . Some 
o f  t he  no rthwe s t- trend i n g  d i kes  that  i n trude the fl ows ha ve s i l l - l i ke 
a po phys e s  i nto the  f l ows ; i n  other  a rea s a l ong  the coa s t  d i kes  a re seen 
to feed fl ows . Ma ny o f  the  d i kes  a re compo s i te  and  show sys tema t i c 
var i a t i o n s  i n  textu re ,  phenocrys t conten t ,  a nd c hem i ca l  compo s i t i o n . T he 
c hemi c a l  c ompos i t i o n  o f  the  vol ca n i c  roc ks  that  fo rm the u pper Eocene  
Ca pe Pe rpetu a - Hec eta Head  sequence  var i e s  co n s i d e rabl y .  T he average  
c hem i c a l  compo s i t i o n  o f  20  samp l es o f  Yachats  Basa l t i s  shown on Tabl e l ,  
c o l . 4 .  Mo s t  fl ows conta i n  4 9  to 53 percent  S i 0 2 and  a re of  ba sa l t i c  
compo s i t i on ,  bu t a few a re ba sa l t i c  ande s i te .  D i kes s how a n  even 
greater var i a b i l i ty in compos i t i o n . T hey are predomi nant l y ba sa l t i c , 
b ut  severa l , pa rt i c u l ar l y near Dev i l s  C hu rn , conta i n  60 to 68 percent  
S i 02 a nd a re o f  l a t i t i c  a nd rhyodac i t i c  c hemi ca l  compo s i t i on . Al l fl ows 
a nd i n tru s i v e roc ks i n  th i s  sequence  are q u a rtz norma t i ve and are 
c h a racter i zed by rel at i vel y h i gh contents  o f  a l umi na ( refl ect i n g  
a b u ndant  pl a g i oc l a se phenocrys t s )  a nd a l ka l i e s .  

Depa rt Dev i l s  C hu rn ; proceed south  o n  U . S . 1 0 1 .  

Ta ke f i rst  l eft ( ea s t )  l ea d i ng  towa rd s v i ewpo i nt .  Proceed towa rd 
v i ewpo i nt .  Expo s u res  i n  roa d c u t s  a re deepl y weathered Yac hats  fl ows . 

Ta ke s harp  l eft . Proc eed u p  the  h i l l .  

To p o f  t he h i l l , Ca pe Perpetua pa rk i ng  l ot .  

V i ew south  from Ca pe P e rpetua i s  ac ros s  the rug ged sea coa st  wh i c h i s  
he l d u p  by t he Yachats  Ba sa l t ( f i g .  1 6 ) .  H eceta Head i s  the farthe s t  
headl and . T he  v i ew t o  the  north i s  a cros s  a l ow-l yi n g  wa ve-c ut  
p l a tform on  wh i c h  t he town o f  Yac hats  i s  l ocated . Yaqu i na Head i s  i n  
the  near  d i s ta nc e ;  Ca pe Fo u l weather i n  the m i dd l e d i stance , and  Cascade  
Head  i n  the  fa r d i stanc e .  Retu rn to Newport . End of  f i r s t  day tou r . 
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Figure 1 3 .  Si l l s  and di kes of Cape Foulweather Basa l t  
intrude cross-bedded sandstone of the Yaquina 
Formation at Seal Rocks (Stop 8 ) .  

Figure 1 4 .  Quarry i n  smal l stock of nephel ine syen i t e  
a t  Bl odgett Peak (Stop 1 0 ) .  Vertical jointing i s  
along pri mary flow band i ng .  
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Figure 1 5 .  Basalt boulder and cobbl e congl omerate 
eroded from the underlying Yachats Basalt 
(Stop 1 1  ) ,  Yachats, Oregon, hammer (circled)  
shows scale. 

Figure 1 6 .  View looking south from Cape Perpetua (Stop 13 )  towards Heceta Head 
showing the coastal area that i s  underl a i n  by upper Eocene Yachats Basalt.  
Ribs of basalt at edge of wave-cut terrace pl a tform are bounded by sma l l  
fau l t s ,  shear zones, o r  joints along which the basalt erodes more rapidly. 
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F i gure 1 7 .  Late Eocene Yachats Basa l t  cut by d i kes a t  Dev i l s  Churn (Stop 1 2 ) .  
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T R I P  3 .  GEOLOGY O F  THE  WEST-CENTRAL PART O F  THE  
O REGON COAST RANGE 

ROAD LOG ( S econd Day ) 

Sta rt m i l eage a t  Yaqu i na Bay Sta te Park ; proceed ea st  to U . S .  1 01 a nd 
turn  north . 

J u nct i o n  U . S .  Route  2 0  and  U . S .  1 01 .  

We s t  o f  the  h i ghway i s  Agate Bea c h .  T he a gates fou n d  on the beach  a re 
rewo rked from t he P l e i s tocene  ma r i ne  terrace depos i t s .  

A mi dd l e M i ocene  vo l ca n i c  center  forms Yaqu i na Hea d ,  j u s t  no rth o f  
Aga te  Beach . 

Between  Yaqu i na Head and  Ca pe Fo u l weather  the h i g hway traverses  nea r the 
c ontact between  the  l ower M i ocene  Nye Mudstone to the ea st  and  the 
m i ddl e M i ocene  As to r i a Fo rma t i o n  to the wes t .  T he sea c l i ffs are a l l cu t 
i n  t he Asto r i a Forma t i o n .  T he  Asto r i a conta i n s  ma ny bed s r i c h  i n  
mol l u s ks  a nd vertebrate-bea r i ng  concreti on s . T he i rregu l ar  s urface of  
t he h i ghway i s  c a u sed by  l a nds l i des wh i c h a re common i n  seawa rd-d i p p i n g  
ro c ks a l ong  c o a s t a l  O rego n . 

T h e  l a rge headl a nd a t  twe l ve o ' c l oc k  i s  Cape Fou l weather  ( fi g .  1 2 ,  
t he  type l oc a l i ty o f  t he m i d d l e M i ocene Ca pe Fou l wea ther  Basa l t ) .  T he 
l i g ht-gray l ow head l and  i n  fro nt of  Cape  Fou l weather  i s  compo sed  o f  
t he  Asto r i a  Fo rmat i on .  

Beverl y Beac h State Pa rk . T he  i s l and  i mmed i a tel y we s t  o f  the par k  i s  
G u l l I s l and  wh i c h i s  a f l ow o f  m i ddl e M i ocene  Depoe Bay Basa l t .  T he 
l a rger i s l a nd to the  north i s  Otter Roc k wh i c h i s  composed  of  wa ter- l a i n  
l a p i l l i  tuff  o f  C a pe Fou l wea ther Ba sa l t .  

Otter  Roc k turnoff . 

To t he  r i g h t  of  t he h i g hway the  be l l - s ha ped fea ture  wi th  rad i a t i ng  
co l umnar  j o i nts  i s  a vo l ca n i c  nec k ,  one  o f  the feeders  to  the Cape  
Fo u l weather B a s a l t .  

Tu rn l e ft and  p roceed to the  Otter Crest  v i ewpo i nt .  

Otter Crest , a nd much  o f  the  coasta l  a rea 5 mi l es to the nort h ,  i s  
u n d e rl a i n  by the  Ca pe Fo u l wea ther  B a s a l t .  T h i s u n i t i s  the younger  of  
two m i dd l e M i ocene vol ca n i c  sequences  that  a re exposed  a l ong  the  
nort hern pa rt o f  t h e  Oregon  coast . Fl ow brecc i a ,  ex tru s i v e  brecc i a ,  
and  i n terca l ated ma ss i v e fl ows co n s t i tu te the  bu l k o f  the Cape Fou l 
weather  Ba sa l t a t  Otter  C rest  wherea s no rthwa rd , fa rther from the vent  
a rea , water-l a i d  l a p i l l i  tuff  predomi na tes . Nume ro u s  d i kes , s i l l s ,  and  
sma l l p l u g s  i n trude t he brecc i a  near Otter Cres t ,  i nd i cat i ng  tha t th i s 
a rea wa s a former c enter  o f  M i ocene vol c a n i s m .  Two r i ng  d i kes a nd 
severa l  rad i a l  d i kes  a re expo sed a t  l ow t i d e  o n  the wa ve-c u t  p l a tform 
j u s t  south  of Otter C rest  ( F ro nt i s p i ece ) .  T he Cape Fou l weather  Basa l t 
a l so  c rops  o u t  a t  Yaqu i na Head , a bout  5 m i l es south  o f  Otter Cres t ,  and 
on the  l a rge i s l and  ( Otter Roc k )  i mmed i ate l y  we s t  of  Otter C rest . T he 
two smal l er i s l ands  south  o f  Otter Crest  ( Gu l l Roc k and  W ha l ebac k ) , 
however , are  compo sed o f  subaer i a l  ba sa l t fl ows o f  the D epoe Bay Ba sa l t ,  
wh i c h  i s  o l der  t han  the  Ca pe Fou l weather  Basa l t .  Petroc hem i c a l  stud i es 
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of t he C a p e  Fo u l weather  Ba sa l t from i ts type l oca l i ty and other  area s 
a l ong  c oa s ta l  northwes tern Orego n s how that i t  ha s a rel a t i ve l y u n i form 
c ompo s i t i o n . T h e  average c hemi c a l  compo s i t i o n  fo r 1 1  sampl e s  i s  s hown 
i n  Tab l e 1 ,  co l . 9 .  T h e  C a pe Fou l weather  Ba sa l t can  read i l y  be d i s 
t i n gu i s hed from the  D epoe Bay B a sa l t o n  the  ba s i s of  petroc hem i s try , and  
i t  c a n  be i dent i fi ed i n  the  f i e l d o n  the  ba s i s  o f  i t s spa rse  but 
u b i q u i to u s  l a brado r i te phenocrys ts , wh i c h do not  occur  in  the Depoe 
Bay Ba s a l t .  The terrace a t  Otter C res t is  a bo u t  500 fee t a bove  sea l evel  
a nd is  one o f  the  h i g h e r  of severa l P l e i stocene terraces  deve l o ped a l o n g  
t h i s c oa s tl i ne .  Constru c t i o na l  mar i ne terraces , a b o u t  5 0  feet above  
sea  l eve l , a re deve l oped on  wes twa rd-d i pp i n g  sandstone  and s i l t sto n e  
bed s of  the  Asto r i a  Fo rma t i o n  o n  the  two nea rby headl a nd s  t o  t h e  sou th . 
Immed i atel y north  o f  t he v i ewpo i nt ,  l i g ht-gray sa ndstone  o f  the Asto r i a  
Forma t i o n  i s  v i s i b l e a t  sea l e vel  bel ow fl ows o f  the Cape Fou l weather  
Ba sa  1 t .  

P ro c eed  northward on  U . S . 1 0 1 .  

Ca pe Fo u l weather  Ba sa l t s i l l s  a nd d i kes  c u tt i n g  brecc i a .  

Roc ky Cree k .  

Expo s u res a t  Roc k  Po i nt State Park  o f  i n terbedded brec c i a  and fl ows o f  
t h e  Ca pe Fo u l weather  Basa l t .  

Wha l e Co ve o n  the  l eft i s  eroded i nto mi ddl e M i ocene  ma ss i ve sandstone  
referred to as  the  sandstone  of  Wha l e Cove . T h i s sa nd stone  u n i t 
s eparates t he  Ca pe Fou l weather  Basa l t from the Depoe Bay B a s a l t .  

B r i dge  a t  Depoe  Bay . 

F i s h e rman ' s  Memo r i a l  Al cove , Depoe  Bay . I so l a ted -p i l l ow brecc i a  of  the 
Depoe Bay B a s a l t forms the  ea st  marg i n of  the  outer bay on wh i c h  U . S .  
1 0 1 i s  c o n s tru cted  ( f i g .  1 8 ) . Excel l ent  expos ures  o f  th i s u n i t can  be 
seen  d i rect l y  be l ow the  roc k wa l l borderi ng  the  wes t  s i d e  of the h i gh
way . T h e  Depoe  Bay  Ba sa l t u nco nformab l y overl i es the  Asto r i a  Format i o n , 
wh i c h i s  expo sed i n  t he i n ner bay . T he ba sa l t i s  overl a i n  by the 
sa ndstone  o f  Wha l e Cove  that  c rops  out  a l ong  bo th the  south  a nd north  
ends  of  t he o uter bay . The  Ca pe Fou l wea ther Ba sa l t ,  wh i c h  forms the 
proj ect i ng  head l ands  of the  ou ter bay , unconfo rmab l y  overl i e s the 
s a ndstone  o f  Wha l e Cove . The brecc i a  ma tr i x  of  the  i s o l ated- p i l l ow 
brecc i a  o f  Depoe Bay B a sa l t i s  c omposed  of  g l a ssy or very fi n e  gra i ned 
ba sa l t t ha t  i s  pa l a go n i ti z ed on wea thered su rfaces . Some brecc i a  
fragments  a re bro ken p i l l ow r i ms . T he p i l l ows ha ve  ropy r i m s , and  some 
have mu l t i p l e  c h i l l ed ma rg i n s  a nd dra i ned-o u t  cores . F i ne l y comm i n u ted 
basa l t i c  g l a s s  o r  ca l careous  sand  and  s i l t  f i l l  some of  the dra i ned  
p i l l ows ( f i g .  1 9 ) .  C l u sters  o f  sna ke l i ke p i l l ows and very el o ngate  
p i l l ows a re expo sed i n  severa l p l aces  wi t h i n the i s o l ated-p i l l ow brec c i a 
and  a ppear to have  resu l ted from mo re rapi d extru s i o n of l a va i n to the 
ma r i n e  e n v i ronment . Sma l l quarr i es l / 2  m i l e  south of Depoe Bay ex pose  a 
t h i c k ,  rud e l y  j o i n ted subaer i a l  fl ow of  Depoe Bay B a s a l t .  Immed i atel y 
north  a nd south  of  these  q u a rr i es , the  l a va a pparen t l y  fl owed i n to the 
Mi ocene  s ea a nd  fo rmed i so l ated-p i l l ow brecc i a .  The  Depoe Bay Basa l t 
extends  seaward  to ( a nd  beyond ) the  S ta ndard-U n i o n  Naut i l u s we l l  where 
a 50-foot f l ow of Depo e  Bay Ba sa l t wa s pene tra ted ( fi g .  6 ) . 

Numerou s d i kes , s i l l s ,  a nd i r regu l a r  bod i e s  of Depoe Bay Basa l t i n trude 
sandsto ne a nd s i l tstone  o f  the  m i dd l e M i ocene Asto r i a  Forma t i o n  i mme
d i a tel y ea st  of Depoe  Bay a nd some proba b l y  were feeders to the extru s i v e 
ba sa l t a t  D e poe  Bay . The  Depoe Bay B a s a l t i s  rel a t i ve l y u n i form i n  
compo s i t i o n  (Ta bl e 1 ,  co l . 8 ) .  T he  ba sa l t i s  c h a racter i zed by a h i g h  
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c o n tent  o f  S i 02 a nd a l ka l i es and  i s  quartz-norma t i ve .  

Co n t i nue  north  o n  U . S .  1 01 .  

Tu rn l eft a t  Bo i l er Bay State Pa rk , Governme nt Po i nt .  

T h e  C a pe Fo u l wea ther  Ba sa l t extends  a l o n g  the  coa s t  from Cape Fou l 
weather  to Go vernment Po i n t ,  bu t does not  extend seawa rd a s  fa r  a s  the 
Na u t i l u s test we l l ( f i g .  6 ) .  At Ca pe Fou l wea t he r  mos t  of  the extru s i ve 
tuff  brecc i a  i s  proba b l y  o f  s ubaer i a l  o r i g i n .  T he water- l a i d ,  we l l 
bedded l a p i l l i  tuff  a t  Go vernment  Po i nt a pparen t l y  formed part  o f  a 
fr i n g i ng mar i ne a p ro n  a ro u n d  the  ma i n  vent at  Cape Fou l weathe r .  Gra d i n g  
i n  many i nd i v i du a l  bed s s u g gests  tha t they were depo s i ted by dens i ty 
c ur rents ; more ma s s i ve  u n i ts proba b l y  repres ent  brec c i a  tra ns ported by 
s u bma r i n e  l a nd s l i des . Go vernment Po i nt i s  ca pped by sa nd a nd gravel  o f  
o n e  o f  t h e  l ower P l e i stocene  mari ne  terraces , bu t several  n i c kpo i n ts  o n  
the  s e a  c l i ff i nd i cate  l ower stands  o f  s e a  l evel . On  t h e  north  s i de o f  
Bo i l er Bay , j u s t  north  o f  Government  Po i nt ,  peper i te and  ba sa l t d i kes  
of  the  Depoe Bay Ba sa l t i ntrude sa nd s tone  and  s i l tstone of  the Asto r i a  
Fo rma t i on . Ca scade Head , the  prom i nent  hea d l and  1 5  mi l es t o  t h e  north , 
i s  u nderl a i n  by u pper  Eocene subaer i a l  ba sa l t fl ows tha t correl ate  
wi th  the  Yachats  Ba sa l t .  C a pe Lookou t ,  l oc a ted about  3 5  mi l es north 
a nd v i s i b l e  on a c l ear  day , i s  compo sed of a beau t i fu l l y exposed  
sequence  of  p i l l ow ba sa l t s  a nd s u baer i a l  fl ows of  the  Depoe Bay Basa l t .  

Proceed north  o n  U . S . 1 0 1 .  

Pepe r i te d i kes  are  ex posed o n  the  ea st  s i d e  o f  the road . 

Fo garty Cree k  State Pa rk . Sandstone  o f  the  Asto r i a  Forma t i o n  a nd 
Mi ocene ba sa l t brecc i a  are  we l l expo sed a l o n g  the sea c l i ffs  i n  t h i s 
a rea . 

From Foga rty Creek to Sa l i s h a n  Lodge P l e i s tocene  ma r i n e  terrace depo s i t s  
a re expo sed , b u t  i n  p l a c es a re overl a i n  by sand  du nes . 

Sa l i s h a n  Lodge . 

S i l e tz Bay . 

Ou tc rop o n  t he r i gh t  i s  fo s s i l i fe ro u s  g l aucon i t i c  sandstone  and  s i l t
s tone  o f  t he Yaqu i na Fo rma t i o n ,  wh i c h  i s  underl a i n  by the Al sea  
Forma t i on j u st a rou nd the  corner  in  cuts  o n  a secondary road .  

S i l etz Ri ver br i dge . 

Tu rn r i g ht  o n  State  Ro ute  2 2 9  and  p ro ceed towa rd S i l etz . 

I ro n - s t a i ned c ha nne l  s andstone  i n  the Al sea Forma t i o n  i s  ex posed on the 
n o rth s i d e  of the road .  T h i s s andsto n e  is very s i m i l a r  to the Yaqu i n a 
s a n d s tone . 

O u tcrops o f  tuffaceo u s  s i l tstone a nd tuff  bed s o f  the Al sea  Forma t i o n  
a re expo s ed i n  a sma l l quarry on  t h e  north  s i d e  of  t h e  h i g hway . 

The  q u arry a t  about  twe l ve  o 1 c l oc k ,  south of  the S i l etz R i ver , i s  i n  a 
s i l l  o f  Depoe Bay Ba sa l t .  

To p o f  extru s i ve campto n i te seq uence  o f  l ate Eoc ene age . 

T h e  " o l d "  house  a c ro s s  the S i l etz R i ver  wa s con stru c ted for the mov i e  
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23 . 8  Sto p 4A 

24 . 8  

2 5 . 2  

2 5 . 4  

25 . 6  

2 5 . 7  Stop  5A 

26 . 8  

2 7 . 3  

28 . 1  

28 . 8  

" Somet i mes a Great Not i o n , "  ( Never  G i v e  a n  I nc h ) wh i c h  wa s wr i tten by 
Ken Kea s ey a nd sta rred Pau l  Newma n .  

Campton i t i c  l a p i l l i  tuff  and brec c i a  exposed i n  smal l qua rry o n  the 
south  s i de of the road . Sma l l campto n i te d i kes a nd s i l l s  a re expo sed 
i n  t h i s qua rry a nd a l o n g  the  r i ver  ba n k .  Mos t  of  the fra gmenta l  
mater i a l  was o r i g i na l l y  campto n i t i c  g l a ss c l ouded wi t h  mi c ro l i te s , but  
the  g l a ss i s  now l a rg e l y  a l tered . B i o t i te and  hornb l ende phenocrys ts  
a nd m i c ro phenocrysts a re sparse l y  d i s t r i bu ted throu g h  the tu ff a nd 
brecc i a .  T h i n and  d i s to rted s i l tstone  i nterbeds i n  campto n i t i c  tu ff 
brec c i a  conta i n  l a tes t Eocene  forami n i feral  fa unas . T he campto n i t i c  
extru s i ve sequence  i s  approx i mate l y equ i va l e n t  i n  age to the Yac hats  
Ba sa l t f l ows o f  l a tes t Eocene  a ge that  form Ca scad e H ead and Cape 
Perpetua . T h e  i n ternal  s tructure  o f  the  campto n i ti c extru s i ve sequence  
i s  compl ex ; ma ppi n g  a l ong  the poorl y expo s ed northern  pa rt of  the  
s equence  ( s ee Snave l y ,  Mac leod , Wagn e r ,  a nd Rau , l 97 6a ) suggests  that  the  
brec c i a  a nd tuff were  extruded a l o n g  a we st-trend i n g  fau l t  whose  scarp  
restr i cted the  northern  exten t o f  these  vo l c a n i c roc ks . 

Co n t i nue  east  o n  State Route  2 2 9 .  

N ew h i l l s i de c u ts i n  tuff-brecc i a  o f  t h e  l owe r t o  m i dd l e Eocene  S i l etz  
R i ver  Vo l ca n i c s .  

Tyee s a nd s to ne i s  expos ed i n  the  road cut  o n  the  l eft . 

Fa u l t c o ntact  between the  Tyee  Fo rma ti o n  a nd the  S i l etz R i ver  Vo l ca n i c s .  

Turn  l eft o n  sma l l road t o  Kau ffma n qua rry { pr i vate  pro perty ) . 

F i l l ed feeder-tube  c ompo sed o f  co l umna r-j o i nted a l ka l i c  ba sa l t i s  
expo s ed a t  the  base  o f  the  quarry ( fi g .  20 ) . T he f i l l ed tu be i s  
s u rround ed by a carapace  o f  el o ngate  ba sa l t p i l l ows . T he p i l l ows and 
f i l l ed feeder-tube rest  on f i ne- gra i n ed ba sa l t i c sa ndstone . A l kal i c  
ba sa l t ,  s u c h  a s  that  exposed i n  the qua rry , i s  common i n  the u pper pa rt 
of  t he S i l etz R i ver  Vo l ca n i c s . A sma l l ,  f i l l ed feeder-tube on  the ea st  
s i de of  t he quarry ( former l y we l l exposed bu t now  pa rt l y  removed by 
qua rryi ng ) conta i n s  a phy r i c  a l ka l i c  ba sa l t at the  ba se  that grades 
u pwa rd i n to porphyr i t i c a ug i te ba sa l t in  the cen ter . Feeder-tu bes such 
as these exposed at Ka u ffman qua rry are commo n in  the upper pa rt of  the 
S i l etz  R i v er Vo l ca n i c s . La va fl owed through these  tu bes be l ow a se l f
formed protect i ve cover  o f  p i l l ow l ava . 

Cont i nu e  ea st  o n  S i l etz R i ver  road , State Rou te 229 . 

To the  r i g h t  a re natura l  l evees o f  the  S i l etz R i ver . 

T he S i l etz R i ver  Vo l ca n i c s  are  expos ed thro u g hout  th i s stretc h of  the 
road . 

A wa terfa l l t hat  d rops  a c ro s s  ma s s i ve  tuff-brecc i a  of  the S i l etz R i ver 
Vo l c a n i c s . 

Roa d  to Euchre Mo unta i n .  

O n  the  r i ght , across  the  r i ve r ,  i s  Med i c i ne roc k  wh i c h i s  compo sed of  
mas s i ve brecc i a  of  the  S i l etz R i ver  Vo l can i c s  capped by the Tyee 
Forma t i o n .  A wes t- trend i n g fau l t that  ru n s  a l o n g  the r i ver ma kes  the 
conta c t  o f  the Tyee Fo rma t i o n  to the  sou th a nd the S i l etz R i ver  Vo l c a n i c s  
t o  t h e  north . 
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29 . 7  Stop 6A 

3 1 . 4  

3 2 . 0  

33 . 1  

36 . 4  to 3 6 . 5  

3 7  . o  

37 . 5  

37 . 7  

39 . 6  Stop ?A  

4 0 . 1 

4 1 . 4  

42 . 1  

42 . 6  

4 5 . 0  

Sma l l q ua rry i n  a d i ke o f  b i o t i te campto n i te i s  l ocated o n  the r i g ht 
s i de o f  t he roa d .  Campto n i te d i kes , s i l l s  and  i nc l i ned sheets  crop ou t 
i n  a l a rge a rea i n  the northeas tern  pa rt of  the  Euchre  Mou nta i n  quad
rang l e ( Sna v e l y  a nd  Vo kes , 1 94 9 ; Snave l y ,  Mac l eod , Wa gner , and  Rau , 
1 9 76a ) a nd extend ea st  a nd no rthea s t  i n to the Va l s e tz and Grande Ronde 
quadrang l es  ( Macl eod , 1 97 0 ) . Campto n i t i c  roc k s  a re pa rti cu l a rl y we l l  
expo sed  i n  the  v i c i n i ty o f  Co ugar  Mo unta i n  ( fi g .  1 ) . T he se  a l ka l i n e 
maf i c  i n tru s i ve roc ks  range from aphyr i c  rock s  r i c h  i n  au g i te ,  aeger i ne
a u g i te , o r  t i ta n i fero u s  a u g i te to  roc ks that  co n ta i n  abundant  l a rge 
equant c rysta l s o f  bar kev i k i t i c  hornb l ende  o r  t i ta n i ferou s bi ot i te set  
i n  a matr i x  conta i n i ng a l ka l i - fe l d s pa r ,  sod i c  p l a g i oc l a se , a na l c i me , 
fel d spatho i d s , apat i te , and  opaque  mi nera l s .  Some of the s i l l s  and  d i kes  
a re d i fferen t i a ted a nd conta i n  sma l l pegma t i t i c  campto n i te bod i es a nd 
phono l i te v e i n l ets . T he b i o t i te campto n i te d i ke at th i s stop and severa l  
o t her  campto n i te d i ke s  that  have  been ma pped i mmed i a te l y  to the west  were 
a pparentl y feeder d i ke s  to the  extru s i ve sequence  at Sto p  4A . T he 
campto n i te i ntru s i ve roc ks and  t he correl a t i ve  extru s i ve roc ks  are 
stro n g l y  u ndersatu rated wi th  respect to s i l i ca ( nephe l i ne norma t i ve ) and 
a re c ha racter i zed by h i gh  contents  of Fe , T i , K , and  P .  T he campto n i te 
i s  a pprox i matel y equ i va l ent  i n  a ge to the uppermo s t  Eocene ba sa l t fl ows 
that  form Ca scade Head , 30 m i l es north of Newpo rt . A l though  the campto
n i te a nd some of t he Ca scade Head ba sa l ts  have ma ny c hemi c a l  s i m i l a r i t i e s , 
t he c ampton i te conta i n s c o n s i dera b l y  l ower s i l i ca and  more a l k a l i e s 
( Ta b l e 1 ,  c o l . 5 ) . A K/Ar date o f  33 m .y . B . P .  wa s obta i ned for the 
b i o t i te campto n i te at  t h i s s to p .  

U nco nformab l e contact  between  the Nes tucca a n d  Tyee Format i o n s . 

Expo s u re o f  Nestucca s i l tstone . 

Ma r i ne  ba sa l t i c  brec c i a i n terbed i n  the Nestucca  Formati o n .  

S i l tstone  o f  t he Nes tucca Fo rma t i o n  c ut  by sandstone  d i kes  and s i l l s .  

Co ntact  o f  the  Yamh i l l  a nd  Nestu cca Forma t i on s  i s  expo sed  i n  the ba n ks 
o f  the  S i l etz  R i ver . 

C edar  Cree k ;  head of t i dewater  on  the  S i l etz R i v e r .  Two mi l es u p  Ceda r 
C reek  a q ua rry i n  granophyr i c  gabbro s upp l i ed the  roc k for the N ewport 
j etty .  C h em i c a l  a na l ys i s  of the  c h i l l ed bo rder  fac i es of  the Cedar  
Creek  granophyri c s i l l i s  s hown i n  Tabl e 1 ,  co l . 7 .  

Se i sm i c  refrac t i o n  wor k  from a l a rge s hot  i n  th i s  q u a rry i nd i c a te the 
depth  to the Mo ho i s  1 5 . 8 km ( B erg a nd others , 1 96 6 ) . 

Co ntact o f  the  Tyee a nd Yamh i l l  Fo rma t i o n s i s  exposed  i n  the r i ver ba nk s . 

L u n c h  s to p .  L i nc o l n Cou nty A .  W .  " J ac k " Morga n Memo r i a l  Pa r k .  

Exce l l ent  expos u re o f  t u rb i d i tes o f  t h e  Tyee Format i o n  ( f i g .  5 ) . 

Br i dge over  E uc hre C ree k . 

T he  l o gged , c on i c a l - s ha ped , h i l l  on the  hor i zo n  to the north i s  Euc hre 
Mo unta i n  wh i c h  i s  ca pped by a d i fferen t i a ted granophyr i c  gabbro s i l l . 

B r i dge  over  the  S i l etz R i ve r .  

B r i dge  o v e r  t he S i l etz  R i ver .  T he road fo l l ows nea r t h e  u pper contact of  
the  Tyee  a nd Yamh i l l  Format i ons ; the  contact i s  we l l  expo sed i n  t he  r i ver  
ba nks . 
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4 5 . 7  

0 

0 . 8  

2 . 7  

4 . 8  

7 . 6  

7 . 9  

l 0 .  6 

l l  . 3  

1 1 . 6  

1 2 . 2  

1 2 . 7  

l 4 . 1 Stop 8A 

Town o f  S i l etz . Tu rn ea st  towa rd Logsden  ( E . B ufo rd Street ) .  

Start new m i l eage a t  S i l etz . 

Gravel  p i t s  i n  terrace depo s i ts o f  the  S i l e tz R i ver . 

Excel l en t  expos ures o f  the Tyee Format i on  compo sed of 1 - to 3 - foot- t h i c k  
graded s a nd s tone  a nd s i l tstone  turb i d i te bed s . 

O l d covered br i dge over  the  S i l etz  R i ver on Sams C ree k Road . 

Br i dge  over  t he S i l e tz R i ver a t  Logsden . Ta ke the f i r s t  l eft , head i ng 
north  ( u p  r i ver ) o n  the  Upper  Fa rm Roa d .  

O u tc ro p  o f  t he Tyee Fo rma t i o n .  

A t  twe l v e  o ' c l o c k  a v i ew o f  a granophyri c gabbro s i l l  of  m i d - O l i gocene  
age  caps  t he west- trend i n g  r i dge . 

Roa d  j unct i on , s tay on  pa ved roa d turn i n g  to the l eft . 

Moo n s h i ne Pa rk . Loop  a round park  to see  exc e l l ent expo su res o f  the Tyee 
Fo rmat i on .  

Head bac k  to ma i n  road . 

J u n c t i o n  o f  S i l etz R i ver Road and  Moo n s h i ne Par k  Road . 

Turn  l eft o nto g ra ve l  roa d .  

Co ntact  between t he Tyee Fo rma t i o n  and  the  underl y i n g  S i l etz  R i ver  
Vo l ca n i c s  i s  wel l expo sed  i n  the  r i ver  bed . Abo u t  1 00 fee t of  i nd u rated 
s i l tstone  occurs  a bove  the  h i g hest  tuff and  l a p i l l i  tuff i n  the S i l etz  
R i ver  Vo l ca n i c s  a nd bel ow t he l owest  sandstone bed s of  the Tyee Forma t i o n  
a l o ng the  r i v e r .  

A n  i nc l i ned s heet o f  grano phyr i c  gabbro i s  expo s ed i n  the gorge o f  the 
S i l etz R i ver . T h i s l a rge  i ntru s i ve  extends  from Green Mou n ta i n  in the 
Va l setz q u a dra n g l e ea st  of t he S i l etz R i ver  gorge to Lambert Po i nt  west  
o f  t he r i ver  ( f i g . 1 ) . Near  the  S i l etz R i ver gorge  the gra nophy r i c  
ga bbro d i ke " ro l l s -over "  wi t h i n a few hu ndred feet  t o  form a south
d i pp i ng  i nc l i ned s heet that  i s  d i scordant  to  the S i l etz R i ver  Vo l c a n i c s  
b ut  i s  genera l l y  co ncorda nt  wi th  t h e  over l y i ng  Tyee Format i o n .  T h i s 
i n tru s i ve may have extended northward 8 mi l es a s  a s i l l  to Sto tt Mounta i n ,  
wh i c h  i s  c apped by a 500 - foot-th i c k  s i l l . Other  s i l l s , o r  i nc l i n ed 
s heets , c a p  ma ny of the h i gh e r  pea ks ,  r i dges , a nd u p l a nd surfaces  i n  the 
Coa s t  Ra nge  between l a t i tudes  43°4 5 ' and 45°N ; these  i nc l ude  Fanno  R i d g e , 
P ra i r i e  Pea k , Ma rys Pea k ,  a nd Roma n Nose  Mou n ta i n .  T hey are typ i ca l l y  
3 00 t o  500 feet t h i c k , a l thou gh  t h e  s i l l  a t  Ma rys Pea k i s  about 1 00 0  fee t 
t h i c k .  T h ree K/Ar dates  o f  m i n eral  s eparates  from these  i n tru s i ves  
i nd i ca te a n  a bso l ute  a g e  o f  a bout  30  m .y . B . P .  T he gra no phyr i c  gabb ro i s  
compo sed o f  p l a g i oc l ase , ferroau g i te ,  i n tergrown qu artz and a l ka l i fel d
s pa r , a pa t i te ,  o pa q u e  m i nera l s , a nd i ro n - r i c h  c l ay mi neral s .  Faya l i t i c 
o l i v i ne i s  a const i tuent o f  mo st  g ra nophyr i c  gabbro bu t i s  ab sent  i n  a 
few . Mo s t  of  the s i l l s  a re d i fferent i ated , and  bod i e s  of  pegma t i t i c  
gabbro , ferrograno phyre , a n d  granophyre are commo n l y deve l oped wi th i n 
t hem . These  more s i l i c i c  roc k s  conta i n  the  same m i nera l s a s  the ga bbro 
but i n  d i fferent proport i o n s , a nd the  ma fi c m i neral s are mo re Fe- r i c h  and 
t he fel d s pars  more Na - a nd K-r i c h .  At th i s  sto p ,  the upper contac t o f  
the  i nc l i ned s h e e t  i s  expo sed i n  t h e  sma l l q uarry wh ere t h e  gabbro i n 
trudes  ba sa l t i c  s i l tstone , t u f f  brecc i a ,  a n d  p i l l ow l a vas  of the  S i l etz 
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1 5 . 0  

1 5 . 1  

1 5 . 2  

1 5 . 5  

1 6 . 1  

1 6 . 3 

R i ver  Vo l ca n i c s . Granophyr i c  gabbro a nd ferrogra no p hyre i n  the u p per  part 
of t he body are  we l l  expo s ed a l o n g  the  s tee p wa l l s  of  the r i ver . T he 
fa i nt l ayer i ng s hown by the  gra no phyr i c  gabbro and ferrogranophyre ha s 
been noted i n  t he u p per  parts o f  several  of the  s i l l s .  T he l owe r two
t h i rd s  o f  mos t  s i l l s  s hows no v i s i b l e  l ayeri ng , but  petrograph i c  a nd 
c hemi ca l  stud i es s how that they have  a sys tema t i c  u pward var i a t i o n  i n  
moda l proport i o n s , m i nera l compos i t i o n s , a nd roc k  compo s i t i o n s  ( Mac l eod , 
1 9 70 ) . C o nt i nue  u ps tream a l o ng the S i l etz R i ver road . 

Top  o f  granophyr i c  ga bbro s i l l  i s  expos ed i n  the wes t  ba n k  a nd i n  the 
r i ver  bed . 

Ba ked basa l t i c  tuff  o f  the  S i l etz R i ver Vol c a n i c s  overl i es a gabbro 
s i l l . A sma l l no rth- trend i n g  fau l t o ffsets  the  u pper  contac t a l o n g  the  
r i ve r .  Proceed northward throu gh  the  granophyr i c  ga bbro s i l l .  

T he  Lambert Po i nt s i l l  i s  expos ed o n  bo th  s i des  of  the  gorge . 

The  co l umna r-j o i nted s i l l  i s  we l l expo sed  on  the south  s i de  o f  the  r i ver 
from here to t he b r i dge . 

T h e  base  o f  the  s i l l . 

B r i dge over  t he  S i l etz R i ver gorge nea r  Camp Gorge . 

End o f  f i e l d  tr i p .  Tu rn a ro u nd a nd head bac k  o n  the  same road to 
Lo gsden . Proceed east  from Logsden  to U . S .  Route  20  and retu rn to 
a n d  return to Corva l l i s .  End  o f  f i e l d tr i p .  
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Figure 18.  View north across Depoe Bay, Oregon, type loca l i ty of the Depoe 
Bay Basalt (Stop 2A). The Depoe Bay Basalt is well exposed along the 
east s i de of the bay ( adjacent to U . S .  Highway 1 01 )  and i s  over l a i n  
by sandstone of Whale Cove. The Cape Foulweather Basalt overl ies the 
sandstone and forms the jagged coastl i ne .  

Figure 1 9 .  Isolated-pi l l ow breccia o f  the Depoe Bay Basalt at Depoe Bay , 
Oregon. Note the d i scontinuous c h i l l ed zone developed i nward from the 
ch i l l ed margin of the p i l l ow i n  foreground and the sandstone-fi l l ed 
tension cracks and sandstone- fi l l ed core of the originally hollow 
p i l low in center (under hammer) . 
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Figure 20. F i l l ed feeder-tube in the S i l etz River Volcanics at Kauffman qua rry (Stop SA ) .  Col umnar
joi nted a l ka l i c  basalt i n  the central part of tube i s  surrounded by a carapace of p i l low basalt.  
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INTRODU CT I ON 

A fiel d trip g u i de fo r the  Cenozoic s tratig rap hy of sout hwes te rn W a s h i ngton  describes  
15 rock  u nits  and  fou r  measu red sections . The  f i el d trip cons i s ts o f  1 5  s tops  a l ong a 
1 57-mi l e  route from P o rt l and , Oreg . , to O lymp i a ,  W a s h .  A road l og g i ve s  d irect ions to 
l ocal ities wh ere l l  of these  rock u n its can be observed . Of pa rtic u l a r  note a re s top s 
a t  two of Was h ington  State ' s  be s t  known and  mos t  productive l ate Eocen e  mac ro- and  
mic rofossil l ocal ities: the  B i g  B e nd of the Cowl itz River-Cowl i tz Formation ,  an  ea rl y 
l a te E ocene s hel f deposi t ;  and  the  Porter B l uff s equence-L inco l n Creek Forma t i o n ,  a l a te 
E ocene mid-bathya l  s l ope  depo sit. 

Text fig u res l -3 present the  geo l ogic framework and s tratig rap h ic n ome n cl a tu re u sed 
in t h i s repo rt .  Fig u re 4 is an index map of the tri p route .  T h e  remain i ng fig u res 5-2 5 
a re a rranged w i th i n  the  road l og to be most acces s ib l e fo r u s e  on  the  fiel d trip .  
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STRAT I GRAPHY 

Cenoz o i c  rocks in southwestern W a s h ington  measu re from 10,000 to 23,000 feet or 
more a nd incl ude these  rock un i ts :  Crescent Formati on , Cowl itz Forma t i on ,  Mcintos h 
Forma t i on , N orthc raft Formation , Skooku mchuck  Forma t i on ,  Gob l e  Vo l canics , Lincol n Creek 
Format i on , As toria ( ? ) Formatio n ,  Co l umb i a River Ba sa l t ,  Montesano Forma t i o n ,  Troutda le 
Formation , Logan  H i l l  Formation , Te rrace Depos its , V a s hon  Drift ,  a nd A l l u vi um .  These  
u n its crop out in  several  s tructu ral depress ions sepa rated by e a rly to midd l e Eocene 
vol canics . These  s tructu ral depress ions formed i n  Cenozo i c  time a l o ng the tectonica l ly  

l!T h is rep o rt i s  prel i m i nary a nd has  not been ed i ted o r  reviewed for conformity with 
Geol ogica l  Su rvey s tanda rds  and  n omenc l atu re . 

79 



LOWER 

MIOCENE 

TO RECENT 

EXPLANATION 
ROCKS YOUNGER THAN 

THE LINCOLN CREEK 

FORMATION 

UPPER 

EOCENE -

OLIGOCENE D LINCOLN CREEK FORMATION 

Includes Toutle Formation 

"COWLITZ" AGE ROCKS 

LOWER 
TO UPPER {. EOCENE � � 

BASAL TIC "BASEMENT" 

ROCKS OF THE CRESCENT 

FORMATION 

" 
l> 
(") 

Seattle 

(") 

0 
(") 
m 
l> 

0 \0 3" 30 z 
MILES I I 

MILES 

Figure 1 .  Generalized geologic map, southwest Washin�ton. Geology from Pease and 
Hoover (1957), Snavely, Brown, Roberts, and Rau tl958), Huntting, Bennett, Liv
ingston, and Moen (1961), Gower and Pease (1965), and Wagner (1967). Figure 
modified from Beikman, Rau, and Wagner (1967); reproduced from Armentrout (1975). 

50 

a�tive Pacific Margin of the North American Plate. The strata are marine sedimentary 
rocks with interbedded volcanics that grade eastward to nonmarine sedimentary and volcanic 
rocks. 

The age relationships of the foraminiferal and molluscan faunas for the Eocene 
through t�iocene follows Armentrout (1 97 3 ,  1 975)  (fig. 3 ) . Fossil localities shown on 
figures are from Armentrout (1 973). 

Crescent Formation 

The oldest rocks within the field trip area are assigned to the Crescent Fonnation 
of early to middle Eocene age (Field trip stops 8- 9, 1 4- 1 5). Crescent Formation rocks 
a're typically aphanitic to porphyritic augite-rich basalts with lesser amounts of inter
bedded marine sandstones and siltstones. The type area for the formation is Crescent 
Bay along the northern shore of the Olympic Peninsula (Arnold, 1 90 6). Crescent Formation 
basalts underlie the higher hills of the Willapa Hills and Black Hills of southwestern 
Washington (fig. 1 ). The basalts are commonly zeolitized (Snavely and others, 1 958). 

The Crescent Formation basalts are part of a major, early to middle Eocene volcanic 
sequence which extends from Vancouver Island on the north to the flanks of the Klamath 
Mountains in southern Oregon. This sequence includes at least 6 0 , 0 00 cubic miles of 
flood basalts which erupted onto the sea floor from fissures and vents, either as flows 
or extrusive breccia (Snavely and Wagner, 1 963). Local volcanic centers appear to have 
become subaerial toward the end of middle Eocene time. Volcanic rocks that correlate 
with the Crescent Fonnation include the Crescent(?) Formation of Pease and Hoover (1957) 
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and Snavely and others (1 958 ) ,  the Hetchosin Volcanics of Vancouver Island ( Clapp, 
1 91 7 ) , and the Siletz River Volcanic Series ( Snavely and Baldwin, 1 948 ) , Tillamook 
Volcanics (Warren and others, 1 94 5) , and the Roseburg Formation volcanics of Oregon 
( Baldwin, 1 97 4 ) . 

The early to middle Eocene age of the Crescent Fonnation has been detennined from 
fossils recovered from interbedded sedimentary rocks. Foraminifera indicate a Ulatisian 
age assignment ( Rau, 1 96 4 ,  1 966 ) .  
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Non-marine and marine tuffaceous, arkosic, and carbonaceous sandstones. 

Basaltic conglomerate and sandstone at base. 

Dark aphanitic to finely porphyritic basalt, vesicular in part, jointed. 

Marine and non-marine carbonaceous arkosic sandstone with thin siltstone 

interbeds. 

Ma55ive gray tuffaceous marine siltstone and fine-grained tuffaceous sandstone. 

Calcareous concretionary beds common. Basal part interfingers with basaltic 

sandstone member. 
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Tuffaceous siltstone with lower and upper arkosic and basaltic sandstone 

members. 

Aphanitic to porphyritic augite-rich basalt with interbedded volcanogenic 

sedimentary rocks. 

Figure 2. Stratigraphic column for field trip. Modified from Snavely, Brown, Roberts, 
and Rau (1 958 ) .  The Goble Volcanics and Troutdale Formation are not on this figure 
as they crop out to the south in a separate structural basin. 
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F i g u re 3 .  Se l ected rock-s trati grap h i c  and  t i me-s tra t i g rap h i c  nome ncl a tu re app l i ed to  
E ocene and M i ocene u n i ts i n  southwes tern W a s h i ngton .  Stage sequence  (Ga l v i n i a n ,  
Matlock i an , J u a n i a n ,  P i l l a ri an , Newpo rt i a n ,  Wi s hkahan )  from Armentrout (1 97 5 ,  1 97 8 )  
and  Addi cott (1 97 6 ) . 

C owli tz Format i on  

Arnol d (1 906 )  refe rred a molluscan  fau na from the a rea a round  Vader,  W as h i ngton  
(f i g .  5 ,  l ocal i ty UW - 1 ,  f i g s . 5 -9) , to  the Eocene  and , u s i ng Cali fo rn i a n ome ncl a tu re ,  
ca l l ed i t  a "Tej on  Co rrel a t i ve "  (f i g .  3 ) .  T h e  s trata conta i n i ng that  fau na we re s ub se
quent l y  named Cowl i tz Formati on  by W eave r  (1 91 2 ) .  Loca l l y ,  these rocks  u n confo rmab ly  
overl i e  the C resc ent Forma t i on .  The  type a rea of the  C owl i tz Forma t i on  i s  a l ong  O l equa  
a nd S t i l lwater Creek s ,  and  the Cowli tz R i v e r  { f i g .  5 ,  F i e l d tr i ·p s top s 3 a nd 4 ) .  Th e 
max i mum th i c knes s of the Cowl i tz Forma t i on i s  approx i matel y 9 , 500 feet (f i g .  2 ) .  The  
u n i t i s  pred omi nant ly  s i l ts tone wi th s a nds tone l o ca l ly  wel l deve l oped . Both mari ne  and  
n o nmar i ne rocks  occu r i n  the type area (Henr i k s e n ,  1 95 6 ) . Mol l u scan  fos s i l s  from the  
type sect i on of the Cowli tz Forma t i on have be en  s tu d i ed by Weav e r  { 1 91 2 )  a nd V a n  W i nk l e  
(191 8) , a nd Fo rami n i fera have been  s tu di ed by Beck  (1 943 ) and  Rau  (1 958 ) .  Both  fau nas  
i nd i cate a l ate Eocene (Na ri z i an Stage ) age . 

T h e  Cowli tz Forma t i o n ,  a s  u s ed by Weave r  (1 91 2 ,  1 91 6 b ,  1 93 7 ) , i nclu des s evera l  
d i s t i nct forma t i ons of  pres ent us age : the r4cln tos h and S kookumc h u c k  Forma t i ons of the 
Central i a- C h eha l i s  area (S nave l y ,  Rau , and others , 1 95 1 ; S nave l y ,  Robe rts , and  others , 
1 95 1 ; S nave l y  and others , 1 958 ) ;  the " S ed i menta ry rocks  of La te Eocene Age "  i n  the 
S a tsop River  a rea (Rau , 1 96 6 ,  1 96 7 ) ;  a nd the rkin tos h Forma t i on a s  mapped a l o ng the 
W i l la�a R i ver  (W agner ,  1 96 7 ) .  These l ate Eocene u n i ts  rep rese nt de l ta i c  e nv i ronme nts to 
the east  (S kookumc hu c k )  a nd ope n ma ri ne to  the north and wes t  (Mcin tos h ) .  The sed i men
tol ogy of  " Cowli tz " [Formati on] u n i ts i s  d i scus sed by  Buckov i c  (1 97 9) . 

Th e fo l lowi ng d i s cus s i on of the Mc i n tos h ,  No rthc raft ,  and  S kookumch uck  Forma t i ons , 
wh i c h  are not v i s i ted on  the tri p ,  i s  to prov i de a pe rs pect i ve to the l i thofac i es recog 
n i zed  wi th i n  southwes tern Was h i ngton  that are co rrel a t i v e  wi th the Cowl i tz Forma t i on of 
W eaver ( 1 91 2 ,  l 91 6b ,  1 93 7 ) .  
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Mcin tos h Forma t i on 
The Mcintos h Forma t i on i s  a l ower uppe r  Eoce ne sequ ence of tu ffaceous mari ne  sed i 

mentary rock s  and l ocal  centers of po rp hyr i t i c  ba sa l t fl ows . The  fo rmat i on was named 
a nd descr i bed by S n ave l y ,  Rau , and others ( 1 951 )  from road cuts  a l o ng the south  s ho re of 
Mcin tos h L a ke .  Th e type a rea i s  the ax i a l part of the C rawfo rd Mounta i n  ant i c l i ne eas t 
o f  Ten i no , W a s h .  t4ax i mum  measu red th i cknesses  of the i4cin tos h F o rma t i on a re 5 , 000 feet 
( f i g .  2 ) . The  mi dd l e Mcintos h s i l ts tones and  cl ays tone a re fo ram i n i feral ly  r i c h  and 
i ndi cate a l a te Eoce ne ( N a ri z i an S tage ) age ( Rau , 1 956 ) . The  l owe r and  uppe r  Mcin tos h 
F orma t i on i ncl ude nears hore s equences of bas a l t i c  and  arkos i c  sands tones . 

Reg i ona l  rel a t i ons h i p s s u gge s t  that the t�clntos h Format i on  ov e rl i es C rescent Fo rma
t i on ba sa l ts  w i th l oca l  u n confo rm i ty and i s  l o cal ly  i nterbedded  wi th  upper Crescent 
Forma t i on l ava  f l ows and  sed i ments . The  fo rmat i on i s  gradat i onal ly  ove rl a i n  by or 
l ocal ly  i nterbedded wi th the N o rthc raft and  S kookumchuck  Forma t i ons . The  Mcin tos h 
Forma t i on i s  correl a t i v e  to pa rts of the Al dwel l ,  Lyre , and  l owe r Twi n  R i ver  Forma t i ons 
of  the O l ymp i c  Pen i ns u l a  ( Rau , 1 96 4 ) , and to l a te Eocene u n i ts  both i n  the S a tsop R i ver  
a rea ( Rau , 1 96 6 )  and  a l o ng the W i l l a pa R i ver  ( Rau , 1 951 ; W agner ,  1 96 7 ) .  I n  Orego n ,  the  
Tyee and  Yamh i l l  Forma t i ons a re correl a t i v e  w i th  the  Mcin tos h Forma t i on  ( S n ave ly  and  
o thers , 1 97 7 ) . 

No rthc raft Forma t i on 
The  N o rthc raft Formati on l av a s  and a s soc i a ted vo l ca n i ca l ly  der i ved sedi ments are 

typed i n  the v i c i n i ty of N o rthc raft Mounta i n  on  the  southwes t f l a n k  of Crawfo rd Mounta i n  
a nt i c l i ne ( S n ave l y ,  Roberts , and  others , 1 951 ) . The  N o rthc raft Forma t i on grada t i onal ly  
overl i es or  i s  i nterbedded w i th the Mcin tos h Forma t i on and  i s  ov e rl a i n  by the S kookum
c huck  Forma t i on w i th an  appa rent l ocal  angu l a r  u nconfo rm i ty .  Thos e a s pe cts  of the 
N o rthc raft Forma t i on  i nterbed ded wi th  fos s i l i fe rous  sed i ments of the tkin tos h Forma t i o n  
permi t a s s i g nment o f  an  earl y  l a te Eocene { N a ri z i an S tage ) age . 

The  No rthc raft Forma t i on cons i s ts ch i efly o f  fe rromagnesian  l avas  and  fl ow brecc i a s , 
w i th pyrocl a s t i c  rocks  i n  the uppe r  pa rt and ba sa l t i c  cong l ome rates , s an d s tone ,  and 
pyrocl a s t i c  materi a l  i n  the l ower pa rt .  In  the v i c i n i ty of N o rthc raft Mounta i n  the 
forma t i on  i s  nearl y  1 , 500 feet th i c k  and i s  predom i nant ly  l av a s .  To the wes t  and south 
o f  N o rthcraft Mounta i n ,  th i s  fo rma t i on th i ns and i s  mos tl y  f i n e- gra i ned pyrocl a s t i c  
rocks ( S n ave ly  a n d  others , 1 958 ) . 

T he  N o rthcraft Forma t i on  i s  correl ated by superpos i t i on and  rock ty pe w i th the 
Y ach ats Vo l can i cs  of northwes t Oregon ( S n ave ly  and others , 1 97 7 ) .  

S kookumchuck  Forma t i o n  
The  S kookumchuck  Forma t i o n  i s  typ i f i ed by i nterbedded sha l l ow ma r i n e  and  conti nental  

facies. The formation was defined by Snavely, Roberts, and others (1951) and the type 
section is along the Skookumchuck River. The Skookumchuck Formation may be as much as 
3 , 500 feet th i c k  i n  the Cent ral i a-C h eha l i s  a rea . Lower and  upper  ba sa l t i c  and  a rkos i c  
s ands tone members a re sepa rated by carbo naceous s i l ts tones wh i ch th i c ke n  westwa rd .  
T uffaceous coal s are abu nda nt i n  the l ower a n d  uppe r  members . The  coal s rank from 
l i gn i te to su bbi tum i nous  B . Mos t of the coal i s  s u bbi tu mi nous C .  

T h e  S kookumchuck  Forma t i on  ove rl i es t h e  N o rthc raft Forma t i on wi th  l o cal  a ng u l ar i ty .  
To  the wes t ,  the unde rl y i ng Mcintos h Format i on s i l ts tones grade upwa rd i nto  S kookumchuck 
s i l ts tones . The  S kookumchuck  Fonna t i on i s  confo rmabl y ove rl a i n  by the  L i ncol n C reek 
Forma t i o n  wi th i n  s tructu ral l ows , and u nconfo rmably overl a i n  by the Li ncol n Creek Forma
t i on ove r  l ate Eocene  s tructu ral h i gh s .  The  max i mum measu red th i ckness  fo r the S kookum
c huck  Forma t i on i s  up to 3 , 500 feet ( S nave ly  and others , 1 958 ) . 

Mo l l u s can  and  fo rami n i fe ral fos s i l s of the S kookumchuck  Forma t i on i nd i cate a l a te 
E ocene age ( S n ave ly  and others , 1 958 ) . Co rrel a t i v e  rock u n i ts i n cl u de the uppe r  part of 
the  type sect i on of the Cowl i tz Forma t i on of W eave r  ( 1 9 1 2 ) ;  the l ower Tw i n  R i v e r  Forma
t i on of the O l ymp i c  Pen i n s u l a  ( Rau , 1 964 ) ;  the " Sed i mentary Rocks of La te Eo cene age " of 
Rau  { 1 96 6 )  i n  Wa s h i ngton;  and the " C ow l i tz "  Format i on of northwes tern Oregon  ( N i em and  
V a n  Atta , 1 973 ) .  

Gobl e Vo l c a n i c s  

T he  t h i c k  sequ ence of ba sa l t i c  fl ows a n d  pyrocl a s t i c rock s  t h a t  c rop o u t  on  both 
s i des  of the Col umbi a R i v e r  i n  southwes tern W a s h i ngton  and  northwes tern Oregon  a re 
mapped as Gob l e  Vo l ca n i cs (W a rren and  others , 1 94 5 ;  Li v i ng s to n ,  1 96 6 )  ( F i el d  tri p s tops  
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1 -2). The  type a rea i s  the  v i c i n i ty o f  Gob l e ,  Oregon , wh ere a t h i c k nes s  of mo re than  
5 , 000 feet was mapped by W i l k i ns o n  and  others (1 94 6). On l y  1, 000 feet of Gob l e  Vo l can i cs 
occur  i n  southwes tern W a s h i ngton .  Both uppe r  and  l ower contacts of the Gob l e  Vo l ca n i c s  
a re trans i t i onal , i nterf i nger i ng w i th t h e  Eocene s ed i mentary rocks  o f  t h e  Cowl i tz Forma
t i on bel ow a nd l a test  Eocene to O l i gocene rocks of the Li ncoln C reek and  Tout l e Formations 
a bove (Li vi ngs ton ,  1 966;  Armentrout , 1 97 5). W h ol e rock K/Ar ages frgm Gob l e  outc rop 
s ampl e s  i n  southwest  W a s h i ngton  range from 4 5 . 0± 1 . 4  to  3 2. 2±0 . 3  x 1 0  yea rs (B eck  and 
B u rr ,  1 979), wh i c h  s pa ns mi dd l e Eocene to earl y  O l i gocene .  

Recent  pa l eomagnet i c  s tu d i es of Gob l e  Vo l c a n i c s  i nd i cate that  the mean  di rect i on  of  
rema nent magn et i sm po i nts  about 25° eas t of the expected mi d -Tert i a ry geomagn e t i c  fi el d  
d i rect i on fo r the a rea (B eck and  B u rr ,  1 979). Beck  and  B u rr s u g ge s t  that  the Gob l e  
V o l can i cs  a re pa rt of a b l ock  that has  been rotated about a p i vot  l o cated somewhere 
nearby , e i ther a s  pa rt of the Coast  Ra nge or  a s  an i ndependent m i c rocont i n ental  b l ock .  

L i nco l n C reek Format i on 

F rom 2 , 000 to  9 , 000 feet of sed i mentary beds are as s i g ned to the  " Li ncol n Forma t i on "  
o f  Weaver  (1 9 1 2 , 1 9 1 6c,  1 93 7 ). The  ty pe sect i on (W eave r ,  1 9 1 2) was estab l i s h ed a l ong  
t he  C heha l i s  R i ver  near  Li ncol n C reek j us t  northwest  of Ga l v i n ,  W a s h i ngton , and  wa s 
c ons i dered to be of mi dd l e O l i gocene age (f i g .  1 5 ). S u bsequent l y ,  the fo rmat i on has  
b een  redef i ned (Weaver  and  others , 1 944) to  i nc l u de a compos i te of many sect i ons a l o ng 
the  C heha l i s  R i ver  between Central i a  and  Porter ,  W a s h i ngton  (F i el d  tr i p s top s 5-7  and  
1 0- 1 2 ). Th i s  forma t i on was fu rther  redef i ned by B e i kman and  others (1 967) a s  the Li nco l n 
C reek Forma t i o n .  

Four  rock types exp res s fo u r  di ffe rent depos i t i onal  env i ronments wi th i n  the Li ncol n 
C reek Fo rma t i on .  Al ong  the eas ternmos t marg i n of the expos u res of the fo rma t i on a re 
s trandl i ne and  cont i n ental  depos i ts of the Li ncol n C reek Fo rma t i on  of S n ave ly  and others 
(1 958), and correl a t i v e  sed i mentary bed s  of the Tout l e Forma t i on (Rob e rts , 1 958). These  
rocks  grade wes tward i nto  ma ri ne  g l aucon i t i c  ba sa l t i c  s a nds tones that  a re 1 , 500 feet 
th i c k  j us t  eas t of Central i a  (Sn ave ly  and others , 1 958). Fu rther wes twa rd , these sand
s tones become th i n ne r  but  pe rs i s t i n  a l l s ect i ons s tu d i ed .  H i g h e r  i n  the  fo rma t i o n ,  the  
basal t i c  s a nds tones g rade upwa rd to h i g h l y  fos s i l i fe rous  mari ne  f i ne-gra i ned tu ffaceous 
s ands tones and  s i l t s tones . Th i s  grada t i on  appea rs to be i nd i cat i ve  of a deepen i ng 
d epos i t i onal  env i ronme nt , probab l y  to s hel f and to mi d-bathya l  s l ope condi t i ons . The 
more tuffaceous deeper  ma ri ne  fac i es a re bes t  exp ressed i n  the S a tsop R i ver  a rea , a l o ng 
the  W i l l a pa R i ve r ,  and  at Porte r B l u ff and  PeE l l -Doty .  

T h e  g reates t th i c knes s  o f  the Li ncol n Creek Forma t i on occurs towa rd the wes tern 
ma rg i n of the outc rop a rea . The  fo rma t i on  th i ns l o ca l ly  and  on l ap s  h i g h s  of o l de r rocks 
that  now fo rm the Doty and  B l a ck  H i l l s ,  and  M i not Peak (Pease  and  Hoov e r ,  1 95 7 ). The 
L i ncol n Creek Forma t i on mo l l u s can  (Arme ntrout , 1 97 3 ,  1 97 5) a nd fo rami n i fe ra l  fau nas  
(Rau , 1 95 8 ,  1 966) both i nd i cate a n  age ra nge from l a te Eocene to l ates t O l i gocene ,  
e ncompa s s i ng the Refu g i an  and  Zemo rri an  Stages  of  be nth i c  fo rami n i feral  ch ronol ogy and  
the  mol l u s can  Ga l v i n i a n ,  Matl ock i an , and  J ua n i an  S tages (Arment rout , 1 97 5 ,  1 978;  Add i cott , 
1 976)  (f i g .  3 ). The  Li ncol n Creek s trata correl ate wi th the B l ake l ey Forma t i o n  of the 
S eattl e and B a i nbr i d ge I s l a nd a reas (Teg l a nd ,  1 933 ;  W eav e r ,  1 93 7 ;  D u rh am ,  1 944;  Fu l me r ,  
1 97 5), wi th pa rts of t h e  Tw i n  R i ver  Format i on (Brown and  Gowe r ,  1 958;  Rau , 1 964), a n d  
w i th t h e  Makah Format i on (Snave ly  a nd others , 1 979)  to  t h e  north o n  the  O l ymp i c  Pen i ns u l a .  
Correl at i ves  i n  northwes t  Oregon  i n cl u de the Keasey ,  P i ttsbu rg B l uff ,  a nd S c appoos e 
Forma t i ons (Ba l dwi n ,  1 964;  McDouga l l ,  1 979); i n  the central  Oregon Coas t Range  the 
uppermos t Nestu cca , Al s ea ,  and  Yaqu i na Format i ons (Sn ave l � and others , 1 969 , 1 973); i n  
the W i l l amette V a l l ey the E u gene  Forma t i on  (H i ckma n ,  1 969); and  i n  the southern  Orego n  
Coast  Range the Tu nnel  P o i nt  Format i on (Ba l dwi n and  Beau l i eu ,  1 973). 

As tori a (?) Forma t i on 

The  Li ncol n Creek Forma t i on i s  ove rl a i n  by the As tor i a (?) Format i on , a da rk med i um
g ray m i caceous and ca rbonaceous f i ne-gra i ned s ands tone that  ge nera l ly  has a g l aucon i t i c  
s ands tone bed (s )  a t  i ts ba s e .  S nave ly  a n d  others (1 958) desc ri be t h e  As tori a (?) Forma t i on 
a s  i n cl u d i ng those s trata refe rred to a s : " ba sa l t i c  cong l ome rate" of M i ocene (?) age 
a l ong  the N o rth Fo rk of the Newaukum R i ver  mapped by S nave l y ,  Robe rts , and  others {1 95 1 ); 
l ower A s tori a Forma t i on  of Pease  and Hoover  (1 95 7)  i n  the Doty-Mi not Peak area; a nd the 
As tori a Forma t i on of Etheri ngton  (1 93 1 )  i n  Grays H a rbo r and  Thurs ton  Count i es .  
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I n  the Centra l i a- Cheha l i s  a rea , wh ere a ser i es of l ate O l i gocene  s tructu ral h i g h s  
deve l oped , the As tori a ( ? )  Forma t i on  u n confo rmably ove rl i es the Li ncol n Creek Forma t i on  
( S navely and others , 1 95 8 ) . Farther wes t ,  away from the  s tructu ral h i g h s ,  the As tori a ( ? )  
Fo rma t i on confo rmabl y ove rl i es the Li ncol n Creek Forma t i on .  The  As tori a ( ? )  Forma t i on  i s  
u nconfo rmably overl  a 1 n by a ny ot seve ral younger u nits . Becau s e  of these unconfo rmab 1 e 
rel a t i ons h i ps ,  the th i c knes s of the As tori a ( ? )  Format i on i s  l o ca l ly  var i abl e meas ur i ng 
only about  7 00 feet th i c k  i n  the f i el d  tr i p a rea . The ma xi mum measu red th i c k ness  of the 
forma t i on approach es 3 , 500 feet i n  the Wynoochee R i ver  a rea ( Rau , 1 96 7 ) .  

T he  forami n i feral fau nas  of the As tori a ( ? )  Forma t i on  h ave  been  s tu di ed by Rau  
( 1 948b, 1 95 1 , 1 95 8 ,  1 96 6 ,  1 96 7 ) ,  and  the mo l l u s can  fau nas  have been  s tu di ed by E theri ngton 
( 1 93 1 ) ,  Moore ( 1 96 3 ) , Strong ( 1 96 7 ) , Armentrout ( 1 973 ) , and  Addi cott ( 1 97 6 ) . Al l fau nas 
s u gges t  earl y  to mi dd l e M i ocene age a s s i g nments . 

Co rrela t i v e  u n i ts  of the As tori a ( ? )  Format i on  of southwes tern W a s h i ngton  a re the 
C l a l lam  Forma t i on of northwest  i�a s h i ngton , and  the As tori a and  Nye Forma t i ons and  Coos  
Bay and  Cape B l a nco  "M i ocene Bed s "  of  Oregon (Moore ,  1 963;  Armentrout , 1 97 3 ,  1 97 5; 
Addi cott ,  1 97 6 ) .  

Co l umbi a R i v e r  Ba sa l t 

I n  the southwes tern a reas of the Cent ral i a- Cheha l i s  d i s tr i c t ,  a gray aphan i t i c  
basa l t res ts u nconformabl y u p o n  sed i mentary rocks  o f  t h e  As tor i a (? )  a nd  Li ncol n Creek 
Format i ons , and i s  overl a i n  by beds  rang i ng in age from l ate M i ocene to Ho l ocene .  Th i s  
s i ngle basa l t fl ow averages 70-80 fee t i n  th i c knes s .  The  ba sa l t has  been  da ted at  
1 5 . 7±0 . 8  m. y .  ( K/Ar )  by Tu rner ( 197 0 ) , and  i s  correl ated w i th the Y ak i ma Basa l t of  the 
Co l umbi a R i ver  Group of mi dd l e M i ocene age ( S nave l y  and others , 1 973 ) .  

Montes ano Format i on 

A s equence of i nterbedded f l u v i a l , l acustr i n e ,  brac k i s h-water ,  and  s h al l ow-ma ri ne  
depos i ts overl ap  the As to ri a ( ? )  Forma t i on and  Col umbi a R i ver  Group  ba sa l t to res t wi th 
a ngula r  u nconfo rmi ty upon bed s  of the Li ncol n C reek Format i on  ( f i g .  1 7 ) .  The conti nental  
depos i ts a re u nnamed ( S n ave ly  a nd others , 1 958;  Robe rts , 1 95 8 )  whereas the ma ri ne  u n i ts  
a re mapped e i ther  a s  Montes ano  Forma t i on (Weav e r ,  1 91 2, 1 93 7 ;  Etheri ngton , 1 93 1 ) or  a s  
upper  As tori a ( ? )  Forma t i on ( P ease and  Hoov e r ,  1 95 7 ) .  The  �lontes ano  Forma t i on i s  l oca l ly  
var i abl e in  t h i cknes s ,  but approach es a maxi mu m t h i ckness  of 3 , 000 feet i n  the Wynoochee 
R i ver  a rea (Rau ,  1 967 ) .  

The  ma ri ne depos i ts of the r�ontes ano  Format i on have been da ted w i th  mo l l u s ks as 
l a te Mi ocene (Weav e r ,  1 91 2, 1 93 7 ;  W eav er  and others , 1 944;  Addi cott ,  1 97 6 ) , and w i th 
forami n i fers a s  l ate mi dd l e and  l a te M i ocene Mohn i an-Del mont i an  S tages ( Fowl e r ,  1 96 5 ;  
Rau , 1 96 6 ,  1 96 7 ,  1 970;  Berg e n  and  B i rd ,  1 97 2) . I n  Oregon , rock u n i ts  t h a t  co rrel ate  
w i th  the Montes ano  Forma t i on i nc l u de the Emp i re Forma t i on of Coos Bay (B a l dw i n and  
Beauli eu , 1 973 ) , and  u nnamed sed i mentary rocks  a l ong the Co l u mbi a R i ve r  near  C l i fton 
(B al dwi n ,  1 974 ) .  

T routda l e Format i on  

The  name Troutda l e  was f i rs t  u s ed by Hodge i n  1 933  and  was fo rmally proposed by h i m  
i n  1 938 to  desc r ibe cong l omerate a n d  s a nds tone beds  that c rop out nea r Troutdale , O regon. 
Semi cons o l i da ted grave l s and sands correl a t i v e  wi th the Troutdale Forma t i on occu r i n  
res tr i cted a reas a l ong the  l ower Columbi a R i ver  i n  the Longv i ew and Cath l amet a reas of 
W a s h i ngton ( Li v i ngs ton , 1 96 6 )  (F i e l d  tri p s top 2) . In th i s  a rea the T routda l e Format i on 
u nconfonnabl y ove rl i es the Goble Vo l can i cs . The  i nterbedded well- rou nded cobbl es , l en s 
s haped gravels , and  fr i abl e sands tone and  mu ds tone i n di cate a flu v i al  or i g i n fo r th i s  
forma t i o n .  Compos i t i on of t h e  pebbl es su ggests  deri vat i on  from a qua rtz i te a n d  metamor
p h i c , ac i d i c  vol ca n i c  terra i n  su ch a s  occurs i n  northwes tern W a s h i ngton  o r  eas tern 
Oreg o n  and Ida h o ,  as  wel l as  basa l t i c  andes i tes of the Cascades  and ba sa l ts  of the Coast  
Ranges . Th e res tri cted occu rrence of Troutdale Fo rmat i on depos i ts a l ong  the Columbi a 
R i ve r  and  the cl a s t  ty pes su gge s t  that  these fl u v i a l  depos i ts we re probabl y assoc i ated 
w i th an ances tral Col umbi a Ri ver  sys tem . 

Leaves from the Troutdale Fo rmat i on (Tr i mbl e ,  1 96 3 )  i nd i cate an earl y  Pli ocene age 
( Li v i n g sto n ,  1 966 ) . 
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L og a n  H i l l  Format i on  

T he  Logan  H i l l  Forma t i on  i s  composed ma i n l y  of  red d i s h- to yel l ow i s h-brown , i ron
s ta i n ed grave l  and mi nor  amo u nts  of i nterbedded  s and  and  s i l ty cl ay u p  to 200  feet  
th i c k .  The fo rma t i on was named by S nave l y ,  Robe rts , and  others ( 1 95 1 ) i n  the Centra l i a
C h eha l i s  a rea where the depos i ts fo rm fl a t- topped u p l and  s u rfaces . The  Logan  H i l l  
F orma t i on i s  i nterpreted a s  g l ac i ofl u v i a l  i n  o ri g i n  wi th the pr ima ry sed i ment s o u rce  
c om i ng from a l p i ne  g l a c i at i on  to the ea s t .  The  i n i t i a l  s u rface of the Logan  H i l l  Fo rma
t i on has a n  e l eva t i on of  approx i mately 1 , 000 feet i n  the eas tern outc rop a rea and  
d ec reases  u n i fo rm l y  wes twa rd to a n  a l t i tu de of about 3 50 to  400 feet j u s t  east  of Ga l v i n 
( S n ave ly  and others , 1 958), 

The  Logan  H i l l  Fo rma t i on i s  cons i dered to be earl y Quaternary i n  age , coev a l  w i th 
the max i mum extent of the a l p i ne va l l ey g l a c i ers of the wes tern Cascade  Mounta i ns ( S nave ly  
a nd o thers , 1 95 8). 

T e rrace Depos i ts 

U nconso l i da ted grave l  and  s a nd of g l ac i ofl u v i a l  or i g i n  form terraces a l o ng many of 
the river  and s tream va l l eys  of southwes tern W as h i ngton  (F i e l d  tr i p s top 1 3 ). The  
terraces a re h i g h l y  d i s sected and  often  a re d i ff i c u l t to map sepa ratel y from t h e  a l l u v i um 
( S nave l y  and  others , 1 958}. The  peb b l e s  and  cob b l e s  of the  terrace depo s i ts are pr i nc i 
pa l ly  porp hy r i t i c  andes i te and  bas al t de r i ved from the  N o rthc raft Forma t i o n ,  s ome c ob b l e s  
o f  mi d d l e  Eocene s ed i mentary rocks , Cascade  ande s i te ( ?}, a n d  weathered rocks rewo rked 
from the Logan  H i l l  Forma t i o n .  The terrace depos i ts a re a s s i g n ed to the P l e i s tocene 
( S n ave ly  and others , 1 958}. 

V a s hon  D r i ft 

The Ten i no P ra i ri e ,  between O lymp i a  and  Central i a ,  i s  a terrace s u rface on  wh i ch 
the  V a s hon  D r i ft was depo s i ted . The  Va s hon  D r i ft i s  a g l ac i a l  depos i t  of mo ra i na l  a n d  
o utwa s h  s i l ts ,  s a nds and  grave l s l a i d  down by the  P u ge t  Lobe of t h e  C o rd i l l e ran I c e  
S h eet ( f i g .  1 4). T h e  P u ge t  Lobe  moved s outhwa rd through the P u ge t  Sound  a rea a t  l ea s t  
fou r t i mes  d ur i ng the  l a te Quaternary .  T h e  max i mum adva nce o f  t h e  P u ge t  Lobe , between  
1 5 , 000 a nd 1 3 , 500 yea rs ago , reached a n  a rea j us t  north of Centra l i a  ( Ea s terb roo k ,  1 969 , 
1 979). The  g l ac i e r  rode up to a max i mum a l t i tu de of about 1 , 1 0 0  feet a l o ng the vol can i c 
h i g h l a nds extendi ng from Ten i n o  eastwa rd .  

T h e  Va s hon  D r i ft  i s  general l y  l es s  than  50 feet th i c k  ( S n ave ly  and others , 1 958). 
V a s hon  t i l l  i s  l i g h t  b l u i s h  gray w i th a matr ix  of we l l -compacted s i l t a nd  cl ay ho l d i ng 
s ubangu l a r  to rou nded cob b l e s  and bou l de rs up to 8- 1 0  feet i n  d i ameter .  Outwa s h  s and 
a nd grave l  a re composed of only s l i g ht ly  weathered i gneous and  metamo rp h i c  rock s .  
O utwas h  depos i ts a re mas s i ve to  wel l bedded . C ros s bedd i ng a n d  fo rese t  beddi ng a re 
c ommon .  Th e grave l s have three s o u rces : exot i c  i gn eous  and  metamo rp h i c  rocks from 
terra i ns wel l to the north , carr i ed i n  by the P u ge t  Lobe;  l ocal l y  der i ved i gneous  rock s ;  
a nd i gneous  rocks from the  Cascade  Mounta i ns carri ed wes tward i nto the  Pu ge t  Lowl and  by 
a l p i ne g l ac i a t i o n .  Local l y ,  t he  V a shon  D r i ft has  been reworked by s treams and r i v e rs 
i nto a s er i es of terraces . Ol de r terrace grave l s of g l ac i ofl u v i a l  or i g i n h ave  been 
h i g h l y  d i s sected and  are d i ff i cu l t to map . They may be d i s t i ng u i s hed from Va s hon  D r i ft 
terraces  by the deepe r weather i ng or  i ron-s ta i ned r i nd  o n  the cl a s t s .  C l a s t  types  of 
the  o l de r terrace grave l s do not i n cl u de the exo t i c i gneous  or metamo rp h i c  rock types 
c ha racteri s t i c  of Puget Lobe-Vashon  D r i ft s ed i ments  ( S nav e l y  and  others , 1 958}. 

A l l u v i um 

A l l u v i um ,  as u sed i n  th i s  pape r ,  i nc l u des  a var i ety of Ho l ocene s ands  and  grave l s 
a s soc i ated w i th r i v e r  and  stream and  va l l ey f i l l s .  The  map s  of Pease  and  Hoov e r  ( 1 95 7} 
a nd S nave l y  and  others ( 1 958} deta i l  these  depos i ts .  
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S TRATI GRAPH I C  SECTIONS 

Four s trati g raph i c  s ecti ons wi l l  be v i s i ted on  the accompany i ng fi el d tr i p .  Th e 
fol l�w i ng rev i ew of work on these  secti ons prov i des  s ome i ns i g h t  i nto southwes tern 
W a s h 1 ngt?n s trati g rap h i c  nomencl atu re ( f i g .  3 ) ,  and  presents new pa l eoecol og i c  da ta of 
two pa rt1 cu l a rl y  s i g n i f i c a nt fos s i l  l oca l i ti es .  

O l equa  C reek secti on  

W eave r's ( 1 9 1 6b )  s ecti on  of the l a te E ocene Cowl i tz Fo rmati on  occurs a l o ng O l equa 
C reek from Vader towa rd W i n l ock , W a s h i ngton  ( f i g .  5 ) .  Al though  the f i e l d tr i p  does  not 
v i s i t  th i s  secti on  i t  is  i mportant as  the pa l eoecol ogy s tu dy l ocal i ty at  the B i g  Bend of 
the Cowl i tz R i ver  i s  correl ated i nto the O l e qua  Creek secti on .  Occu rrences of " C owl i tz "  
fos s i l s  a re s po rad i c  a l ong the O l e qua  C reek secti on and  on l y one  occu rrence of " Li ncol n "  
fos s i l s  from the overl y i ng Li ncol n C reek Formati on i s  k n own ( Un i ve rs i ty o f  W a s h i ngton  
l ocal i ty 29 1 ) .  Between the two cl o se st  outc rop s of s ubj acent C owl i tz and  s u perj acent 
L i ncol n C reek s trata i s  a n  i nterva l  of 400 feet ( hor i z onta l ) wi thout exposu re. Reg i onal  
s tructu ral patterns woul d su gge s t  an  u nconformabl e rel a ti ons h i p  wi th i n  th i s  i nterva l .  

Prev i ous l y  l i s ted L i ncol n C reek Formati on  fos s i l s  from the v i c i n i ty of W i nl oc k  are 
those  of Van W i nk l e ( 1 9 1 8 )  [prob a b l y  W eave r's ( 1 9 1 6 b )  l ocal i ty 29 1 ] .  Th at l oca l i ty has 
been recol l ected by V.  S.  Mal l o ry and s tu de nts ( Un i ve rs i ty of W a s h i ngton l ocal i ti es Al 0 2  
a nd Al 03 ) .  Ta xa of both col l ections a re l i s ted i n  Tab l e  2 of Armentrout ( 1 97 3 ) .  

Faunal  s tu d i es  of the O l e qu a  C reek secti on  and  correl a ti v e  u n i ts nearby a re Beck  
( 1 943 ) and Rau ( 1 95 8 )  for Foram i n i fe ra ,  and W eave r  ( l 9 1 6 b ) , V a n  W i nk l e  ( 1 9 1 8 ) , and  
Armentrout ( 1 97 3 )  for Mo l l us c a .  Al l fau nas  a re l ate Eocene i n  age . 

B i g  Bend  o f  the Cowl i tz R i ve r  l ocal i ty 

Mol luscan  P a l e oecol ogy 

Th e mos t  fos s i l i fe rous l ocal i ty of the Cowl i tz Formati on i s  at the " B i g  Bend " of 
the Cowl i tz Ri ver  ( fi g .  5,  Stop 4, l ocal i ty UW - 1 ;  f i g .  8 ) .  Th i s  l ocal i ty cons i s ts of 
nearl y  s i xty feet of fos s i l i fe rous poorl y  cons o l i dated tuffaceous s a nds tones and s i l t
s tones . Th ere i s  a general  decrease i n  gra i n  s i z e  and  i n  mo l lu scan  fos s i l  dens i ty and  
d i v e rs i ty u p secti on .  Th e secti on i s  d i v i ded i nto three u n i ts (A ,  C ,  and E ) , separated 
by two promi nent th i n  ca l careous ma rke r  beds ( B  and D )  ( f i g s . 8 and 9 ) . B u l k samp l es 
we re taken  at  measu red i nterv a l s through the secti on  and prel i m i nary s tu d i es s u ggest the 
followi ng pa l eoecol og i ca l  i nterp retati ons . 

Th e d i vers e  trop i ca l  mo l l u s c a n  fau na appea rs very s i mi l a r  to tho se  from the J ackson  
Group , Gu l f  Coast, and the Ba rton i an formati ons of the Pa ri s B a s i n .  Al l three fau nas  
h av e  n umerous genera in  common and  a re character i z ed as  Tethyan  fau nas . 

Th e lowermo s t  u n i t, A, cons i s ts of brown and gray s a nds tones and s i l ty sands tones 
w i th a h i g h  proporti on of fos s i l  materi a l . Beddi ng and  cu rrent s tructu res a re ab sent. 
Most of the fos s i l s  are we l l p rese rved , a l though some are abraded and many of the cl ams 
a re d i s a rti c u l ated . F i g u re 1 0  li s ts the commo n s pec i es from Un i ve rs i ty of Ca l i fo rn i a ,  
Mus eum o f  Pa l eontol ogy l ocal i ti es D-8031  to D-8035 a nd D-8043 . Several  of these  s peci es 
a re i ll u s trated i n  f i g u re 1 1 .  A random measu rement of tu rri tel li d ga s tropods in the 
o utc rop revea l ed no prefe rred ori entati o n .  Al l the commo n taxa a re rep resented by a 
w i de range i n  s i z e  cl a s ses , a nd there i s  genera l ly  an equ a l  n umber of left and r i g h t  
b i va l ve s hel l s .  F o r  these reasons the fau na i s  i nte rp reted to be an  i n -p l ace , d i stu rbed , 
time-averaged a s semblage . B i otu rbati on  cou l d account fo r some of the di s tu rbance .  

Th e fau na i s  dom i nated by  the i nfaunal  s u s pe ns i on feed i ng tu rri tel li ds , scaphopods , 
V e neri card i a ,  Ti vel i na ,  and  P i tar .  There a re ma ny carn i v o rous ga s tropods  ref l ecti ng  a 
h i gh  d i v e rs i ty of prey s pec i es , i ncl u di ng many soft-bod i ed taxa . Was hed sed i ment s amp l es 
p i cked for mi c romol lu s k s  yi el ded numerous j uve n i l e  tu rri tel li d s , Crep i d u l a n .  s p . , 
turri ds , and  py rarni delli ds . Tu rr i tel la s hel l s  a re encru s ted wi th bryozoan , annel i d  and  
b i v a l ve ep i bi onts . Th e domi nance of  s l ow-bu rrowi ng i nfau na l  fi l te r  feed e rs , and  the h i g h  
d ens i ty o f  fos s i l  materi a l i n  th e sedi ment, s u gge sts a low sedi mentati on  rate .  The 
a bsence of herb i vo res and  the ge nera l  speci es content of the fau na i n di cates an i n ner  
ner i ti c  env i ronment, wel l below the wave ba s e .  
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Un i t  E cons i s ts of b l u e- gray g l a ucon i ti c  s i lts tone wi th a l owe r fos s i l  dens i ty and  
a d i ffe rent s pec i es as semblage th an u n i t A .  A l i s t of the commo n s pec i es from Un i ve rs i ty 
o f  Ca l i fo rn i a ,  Museum of Pa l eontol ogy l o cal i ti es D-8040 to D-8042 i s  o n  fi g u re 1 0  (s ee 
a l so  f i g u re 1 1 ) .  The  mos t  promi nent el ements a re the neog a s tropods . Tu rri tel la i s  
r are and  the b i va l ve fau na  cons i s ts of mi nute depo s i t- feed i ng protob ranch s ,  wh i ch a re 
w i de l y  sc attered . There a re i so l ated " n es ts "  of the brach i opod Ryn ch onel l a .  These  
featu res , a s  wel l as the h i gh-s p i red mo rp ho l ogy of the Conus  s pec i es , a nd the presence  
o f  Fu l gu rofu s u s  a n d  Scaphande r  i nd i cate a rel ati vely deeper  water e nv i ronment than fo r 
u ni t  A .  The  dens i ty of the fos s i l s and the pau c i ty of i nfau na l  su s pe ns i on feede rs 
s u gge sts a h i g h  rate of sed i me ntati o n .  

Un i t  C appe a rs to b e  a trans i ti on zone  wi th elements from both a s semb l age s .  
H owever ,  the l a rg e  number o f  i nfau nal  sus pens i on feede rs i s  not pres ent. T h e  h i g h  s i l t  
c ontent and  l ow fos s i l  dens i ty i nd i cates a n  i nc reas i ng rate of sed i me ntati o n .  Th i s  u n i t 
e ncompasses  Un i v e rs i ty of Ca l i fo rn i a ,  Mu se um  of Pa l eo ntol ogy l oca l i ti es D-8036 through  
D-8039 (f i g .  9 ) ,  

Henr i k sen  (1 95 6 )  des c r i bed the ty pe secti on  of the C owl i tz Formati on  a s  fl u ctuati ng  
n o rma l  ma r i n e  and  brack i s h water fac i es .  B uckov i c  (1 97 9 )  desc r i bed the coev a l  P u get  
G roup of  centra l W a s h i ngton  a s  depo s i ts from an  extens i v e  Eocene  del ta i c  sys tem that 
d evel oped from a n  eastern h i g h land  to a ma r i n e  embayment i n  the wes t. The i n creased 
s ed i mentati on rate ,  the abu nda nt p l a nt frag me nts and  the ch a ng i ng fau na l  content upsecti on 
i n  the Cowl i tz R i ve r  be nd l o ca l i ty c o rres po nds wi th a s h i fti ng del ta i c  env i ronme nt. 

F orami n i fe ral Pa l eoecol ogy 

Forami n i fe rs a nd  a s soc i ated mi c rofos s i l s  were exami ned from s i x s amples from the 
C owli tz Formati on  col lected at the B i g  Bend  of the C owli tz R i ver ,  W a s h i ngto n  (f i g .  9 ) .  
T h e  s trati grap h i ca l ly ol de s t  s ampl e s , Mf5 622 a nd Mf562 1 , a re ba rren of fo rami n i fe rs . 
Analys i s  of the other  s amp l e s ,  Mf5 61 8  through Mf5 62 0 ,  conf i rm the earl i e r pa l eoecol og i c  
i nterp retati ons --outer neri ti c  wa rm s u btrop i ca l  waters - -of Beck (1 94 3 )  from the same 
s ecti on  and  i d e nti fi es the s tage and  zone  as s i g nme nts wh i c h  we re de scr i bed s ub sequent to 
B eck's wo rk (Ma l lo ry ,  1 95 9 ) .  

T he  Cowl i tz m i c rofau nal  a s semb l ages  i nd i cate outer  neri ti c  wate r  depth s  (300-6 00 
ft) w i th a s l i ght  i n c rease i n  water  depth i n  the youngest  s ampl e ,  Mf5 6 1 7 .  Abu nda nt 
s pec i es ,  pa rti c u l a rl � of the oute r neri ti c  superfami l i es Nodos ar i acea and  O rb i to i dacea , 
a re p res ent (f i g .  1 3 ). Mos t of th e s pec i mens a re C i b i c i des  n atl and i  Beck  and C i b i c i des  
b a i l eyi B eck , prev i ou s l y  i denti f i ed as  ch a racteri s ti c  of the outer neri ti c  fac i es 
(McDouga l l, 1 979 ) .  The  s l i g h t  i n c rease in water depth is s u g 9e s ted by the i nc rease  i n  
a bu nda nce of B o l i v i n a hu nner i  B eck , G l oboca s s i d uli na  l ob o s a  (Ha ntke n ) , Ep i s tom i nel l a  
parva  (Cu s h ma n  and  L a i mi ng ) , and  L e nti cu l i n a welch i (Chu rch • These  s pe c i es are a l l 
mo re ch a racter i sti c  of ba thyal o r  deeper  po rti ons of the outer  neri ti c  zone  (McDouga l l ,  
1 97 9 ) . 

Benth i c  fo rami n i fe rs pres ent i n  the Cowl i tz s amp l e s  s u g ge s t  the l ate N a ri z i a n ,  
Amph i mo rph i na j enk i ns i Zone  of Mal l o ry (1 959 )  a nd the B u l i m i n a  sch enck i -P l ectofron
d i c u l a r i a  c f .  E_. j e nk i ns i Z o ne  of Rau (1 95 8 ,  1 96 6 )  a s  mod i f i ed by t1cD ougall (1979 ) . The 
a s s emblages  are ch a racteri sti c  of the uppe r  part of the s tage and  z o n es be cau s e  many of 
the C i b i c i des  n atl a ndi s pec i es h av e  be come mo re convex and  beg u n  to resemble the Refu g i a n  
s pec i es , Cibi c i des  haydon i . Seve ral fo rami n i fe rs ch a racteri s ti c  of the B i g  Bend  of the 
Cowl i tz R i ver  fau nas  a re i l lu s trated i n  f i g u re 1 2 .  

G alv i n s ecti on - type Li ncol n Creek Formati on 

Approxi matel y 1 , 2 00 feet of gray tu ffaceous  s i l ts tone  and  fi ne- gra i n ed sandstone 
c rop out a l o ng the Un i on-P a c i f i c  Ra i l road trac ks  pa ral l eli ng the C h eha l i s  R i v e r  between 
Galv i n and  I n dependence ,  W a s h i ngton  (f i g .  1 5 ) . Th i s  secti on i s  the o ri g i na l  type " L i ncol n 
Formati on "  of W eave r  (1 9 1 2 , 1 93 7 ) . The  s trata a re poo rl y  exposed except fo r two fo s s i l 
i fe rous a reas wh i c h  W eav e r  (1 9 1 6a )  called the "Mol opophorus l i ncol nens i s  Zone . " 

Two thous and  f i ve  hu ndred feet of s trata a re estimated to be present i n  the type 
a rea ; the l owermo s t  400 feet we re recove red i n  cores and c utti ngs  of a nea rby tes t  hol e 
(S n ave l y  and othe rs , 1 95 8 ) . The  Li ncol n C reek strata a re compos ed pred omi na ntl y of 
tuffaceous s i l ts tone a nd  s a ndy s i l ts tone .  They c o nforma b l y ove rl i e  the S kookumchuck  
Fo rmati o n .  No rthwe sterl y ,  the uppe rmost Li ncol n C reek Formati on  s trata a re ove rl a i n  
d i sconfo rmably by the Astor i a (?)  Fo rmati o n .  Mol lu s ks wi th i n  the Ga l v i n secti on hav e  
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been descr i bed by W eav e r  (l 91 6 a ,  l 9l 6c ,  1 94 2 ) ,  V an  W i nk l e (1 91 8 ) , Etheri ngton  (1 93 1 ) ,  
Du rh am (1 944 ) ,  Snave ly  a nd others (1 95 8 ) , and Armentrout (1 973 ,  1 97 5 ) .  Fo rami n i fe rs 
h ave  been desc ri bed by Fr i z z e l l (1 93 7 ) , C u s hma n and  Fr i z ze l l (1 940 ,  1 943 ) ,  a nd  Rau 
(1 958 ) .  

Oakv i l l e sect i on 

Arnol d and  Hann i ba l  (1 91 3 )  noted the  occu rrence of " S a n  L o renz o  Fo rma t i on "  fos s i l s  
j us t  east  of Oakv i l l e ,  Was h i ngton . St rata of the L i ncol n C reek Fo rma t i on  occur  i n  th i s  
a rea and  a re bou nded by fau l ts obsc u r i ng s uperpos i t i ona l  rel a t i ons h i ps (f i g .  1 6 ) .  Van  
W i n k l e (1 91 8 )  s tu d i ed two mo l l u s c a n  fau nas  from the  sect i on (l oca l i t i es UW 1 6 l and UW3 67 )  
between Oakv i l l e a nd the southern  end of the Porter  B l uff sect i on t o  the  north . Weaver  
{ 1 94 2 )  l i s ts add i t i onal  s pec i es from t he  Oakv i l l e Qua rry (=l ocal i ty UW 1 6 1 ) .  Ou tc rop s 
a re few and a l l a re deep l y  weathered . Mapp i ng by Pease and  Hoov e r  (1 95 7 )  s u gge s ts as  
much  as  1 , 7 00 feet of rock  occu r i n  the Oakv i l l e sect i on be tween  the u nconformab l e 
c ontact w i th underl y i ng C rescent (? )  Forma t i on ba sa l ts and  the fau l ted top wh ere L i ncol n 
C reek Fo rma t i on rocks a re i n  contact wi th upfau l ted Cresc ent (? )  Fo rma t i on  (f i g .  1 6 ) .  
The  rocks  of th i s  sect i on a re very s i m i l a r to the l ower s ands tones and mi dd l e tu ffaceous 
s i l ts tones of the P o rter B l uff sect i on .  

T h e  l ower s ands tone fos s i l  l o ca l i ty of  V a n  Wi nk l e (1 91 8 )  at  the Oakv i l l e Quarry has  
been removed by renewed quarry i ng ,  and Van  W i n k l e ' s  uppe r  l oca l i ty a l o ng G i bson  C reek 
was not prod u ct i ve of fos s i l s .  W eave r ' s  qu arry l oca l i ty and the road cut l oca l i ty east  
o f  the s a nds tone/basa l t contact al ong the h i g hway have  a l s o  bee n  removed . 

V a n  W i nk l e (1 91 8 )  cons i d e red the ba sa l t i c  s ands tone fau na coev a l  w i th the fau na  
col l ected near  the  ol d dam on  P o rter C reek (f i g .  1 7 ,  l oc .  PB-2 ) and  u s ed both to de f i ne  
her  " B a rba t i a  me rri ami Zone . " 

Pease and  H oove r  ( 1 95 7 )  i nd i ca ted the occu rrence of mo l l u scan  fos s i l s  i n  NW \N E� 
s e c .  2 4 ,  T .  1 6  N. , R .  4 W .  Th i s  l oca l i ty (f i g .  1 6 ,  PH-M ) wa s v i s i ted and  fou nd to be a 
three-foot h i g h  outc rop of s i l ty s ands tone beneath fal l e n l og s  al ong a sma l l creek . The  
author  found  on ly  poorl y prese rved mo l ds in  fri ab l e  sa nds tone (Armentrout , 1 973 ) .  

V an  Wi nk l e ' s (1 91 8 )  Oakv i l l e sect i on fau nas  a re l a te Eocene i n  age (Armentrout , 
1 973 , 1 97 5 ) . 

P o rter Bl uff sect i on 

Approx i ma tel y 3 , 000 feet of predomi nant ly  fi ne- to med i um-gra i ned ,  tu ffaceous , 
s i l ty s a nds tone , wi th i nterbedded med i um- to coars e-gra i ned s a nds tones and  concret i onary 
l aye rs , i s  exposed a l ong  the h i g hway north and  south  of Porter ,  W a s h i ngton (f i g s . 1 7  to 
23 ) .  The l owermo s t  1 00 feet a re a cong l ome rat i c ,  coars e-gra i ned ,  ba s a l t i c  s a nds tone 
u nconformab ly  ove rl y i ng C rescent { ? )  Fo rmat i on ba sa l t s .  Th i s  s ands tone  grades upwa rd 
i nto prog res s i ve ly  fi ner  grai ned rock s .  The  L i ncol n C reek s trata a re probab l y  ove rl a i n  
u n conformab ly  by the Astori a (? )  Forma t i on (Pease and  Hoov e r ,  1 95 7 ) . 

The  P o rter B l uff sect i on wa s f i rs t  ment i oned by Arnol d (1 90 6 )  wh o de scr i bed three 
new mo l l  u s  can s pec i es and  refe rred the " P o rter Sha 1 es" to the  01 i gocene .  A co rrel at i on  
was s u b sequent ly  made wi th the San  L o renzo Forma t i on of Ca l i fo rn i a (A rno l d ,  1 909) . 
Weaver  (1 91 2 )  cons i dered the " P o rter S ha l e s "  to be s tra t i g rap h i c a l ly h i g her ,  but grada
t i onal  wi th , h i s  ty pe "L i ncol n Fo rma t i on "  sect i on near Gal v i n .  He l i s ted the fos s i l s  
from the " P o rter S ha l e s "  a nd desc ri bed severa l  new spec i es and co rrel a ted the  fau na  i n  
part wi th the l owe r po rt i on o f  the B l ake l ey Fo rma t i on o f  Ba i nb r i d ge I s l a n d .  Arnol d and 
H a n n i ba l  (1 91 3 )  s umma r i zed the Tert i a ry of  the N o rth  Pac i f i c  Coast  of Ame ri ca and  d i v i ded 
the O l i gocene of W a s h i ngton  i nto three fo rma t i ons , of  wh i c h  the " P o rter S ha l e s "  we re 
u sed as  the type fo r Arnol d and  H a nn i ba l ' s  l ower u n i t ,  the " S a n  L o renzo Fo rmat i on . " 
Weav er  (l 91 6 a )  l i s ted numerous s pec i es from the Po rte r B l uff sect i o n ,  and  defi ned the  
"Tu rri tel l a  po rte rens i s  zone . " Th i s  " z o ne" was cons i dered to occur  i n  s trata refe rred 
to as the " P o rter Ho ri z on , "  a t ime-s trat i g rap h i c  term wh i ch W eaver (l 91 6c ) cons i dered 
prefe rab l e  to the "m i sapp l i ed San  Lo renzo Fo rma t i on "  of Arnol d a nd  H a nn i ba l  (1 91 3 ) ·. 

V a n  W i nk l e  (1 91 8 )  s tu d i ed the Porter B l uff and Oakv i l le (f i g .  1 6 )  s ect i ons and  
repo rted on  the i r fau na compa r i ng it  to the type L i ncol n Fo rmat i on  a nd the " G r i es Ranch 
Fauna "  of D i c ke rson  (1 91 7 ) .  S h e  erected the " B a rba t i a merri ami Zone"  based upon the 
fos s i l s  of the ba sa l  L i ncol n Creek Fo rmat i on s a nds tone and cons i d e red th i s  " zo ne" ol der  
than  e i th er  the  "Mol opopho rus l i ncol nens i s  Zone"  of W eaver (1 91 6a ) or the "Gr i es Ranch 
Fauna "  of D i cke rson  (1 91 7).  
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B ruce C l a rk (1 929, 1 930) descr i bed O l i gocene mega fos s i l  " h or i z ons " for the Wes t  
Coast  o f  N o rth Amer i c a  ba sed upon  fos s i l  data from Was h i ngton .  He cons i de red the  l ower 
h o r i z o n  to be that  of the Gr i es Ranch s trata , the mi d d l e  the  " Li ncol n H o r i z o n "  of  P o rter  
B l uff ,  a nd the uppe r the  "Restorat i on  Po i nt (B l akel ey) Hor i zon "  of B a i n b r i d ge I s l a n d ,  
K i ts ap County ,  Was h i ngton .  He d i d n o t  accept Arnol d's u s age o f  " S a n  Lo renzo Forma t i on "  
i n  Wa s h i ngton . 

More recent s tu d i es of Po rter fau nas  a re Rau  (1 948a) and  Mumby (1 95 9) on  Foram i n i fera 
and  Du rham (1 944) and  Armentrout (1 97 3 ,  1 97 5) o n  Mol l u s c a .  Al l fau nal  el ements of the  
type " P o rter S h a l e s "  a re l a tes t Eocene  to  O l i gocene i n  age i n  the  cu rrent prov i nc i a l  
nomencl a tu re (Armentrout , 1 97 5 ). Mol l u scan  fau nas  from the uppe rmo s t  u n i ts  of the  
Po rter Sect i on near  Ma l one  (s ee f i g .  1 7 ,  l ocal i t i es PB  28-30) a re earl y  O l i gocene i n  age 
(Armentrout , 1 973 , 1 97 5). 

Mol lu scan  P a l eoecol ogy 

The  Po rter B l uff sect i on  of the Li ncol n C reek Forma t i on  i s  h i g h l y  fos s i l i ferous . 
Th i rty fau nal  l ocal i t i es were s amp l ed (f i g s .  1 7 ,  1 9, and  2 0). C haracteri s t i c  mo l l u s can  
f os s i l s  are l i s ted i n  f i g u re 2 0  a nd several  are  i l l u s trated i n  f i g u re 2 1 . 

The  bas i c  u n i t of pa l eoecol og i ca l  ana lys i s  u s ed i n  the s tu dy of the P o rter B l uff  
mol l u s ks i s  the zonu l e .  The  def i n i t i on  of zonu l e fo l l ows Fenton and  Fenton (1 928), and 
cons t i tu tes those rocks  bea ri ng a fau nu l e ,  the  fau n u l e be i ng " ***a cl u s ter  of fos s i l s ,  
t he  autoch thonous  el ements of wh i c h  a t  l ea s t  cou l d be ascerta i ned t o  be a fos s i l i zed 
c ommu n i ty "  (Berry ,  1 96 6 ,  p .  1 4 92 ). Dom i nant ge nera present i n  each zonu l e g i v e  them 
the i r name . F i v e  zonu l e s  a re desc r i bed  fo r the Po rter B l u ff sect i on .  T he  fo l l ow i ng 
refe rences a re the maj o r  sou rces of depth and  temperatu re da ta u s ed for  pa l eoecol o g i c  
i nterp retat i on :  Nat l and  (1 95 7), Keen (1 963 ,  1 97 1 ), Du rh am (1 950), Kl e i npe l l and  Weave r  
(1 963), Moore (1 963), Ad d i cott (1 96 7 ,  1 97 0 ,  1 97 3), McCo rm i c k  and  Moore (1 969), a n d  
H i c kma n ( 1 97 4). 

PB- I : Aces ta-Os trea Zonu l e ------

A fau n u l e occurri ng w i th i n  a s i l ty s a nds tone i mmed i atel y above the  ba sa l  u nconfo rm
a b l e contact of the Li ncol n C reek Forma t i on  wi th Crescent (?) Forma t i o n  ba s a l ts  (l o c .  
PB  1 ), i s  dom i nated by t h e  occu rrence o f  mo l ds o f  t h e  ep i fau na l  b i va l ve s Aces ta and  
O s trea . The  fos s i l s  occu r i n  dens e l ayers i ndi cati ng  the probab i l i ty of pos t-mo rtem 
t rans port.  Ace s ta a nd O s trea s u gge s t  s ha l l ow dep th s ,  60  to  1 2 0  feet at mos t ,  wi th  wa rm
t emperate condi t i ons .  

---

PB- I I :  B a rbat i a-Myt i l us Zonu l e 

Wel l u p  Porter C reek , near  the  s i te of an  o l d dam ,  Van  Wi n k l e (1 91 8) co l l ected a 
fau n u l e from basa l  s a nds tones of the Li ncol n C reek Format i on  (l o c .  P B  2 ). Th i s  fau nu l e ,  
o f  the B a rbat i a-Myt i l us Zonu l e ,  occurs i n  a coarse-gra i ned sands tone and  i s  character
i zed by the occu rrences of ep i fau na l  b i v a l ve s ,  p r i nc i pa l ly  Barba t i a and  Myt i l us .  Other  
genera wel l rep res ented i n  the fau nu l e a re the gas tropods  Acmaea , Gyr i n eum , and  B ru
c l a rk i a .  t4yt i l us and  B a rba t i a a re res tr i cted to the i ntert i da l  reg i on whereas Acmaea 
a nd B a rbat i a  range from there down to depths  of 2 00 feet. Ornamentat i on  on the s peci mens 
of Barbat i a  a nd B ruc l a rk i a  i s  extremel y  wel l prese rved s ugge s t i ng that  a l though  the 
env i ronment was h i g h energy , bu r i a l  occu rred rap i d ly w i th l i ttl e i f  any abras i on .  
B a rbat i a i s  today res tr i cted to trop i ca l  s eas  wh i l e  Myt i l us a nd Acmaea a re found  i n  
tempe rate waters . The  fau n u l e thu s su gge s ts wa rm waters of s u btrop i ca l  to wa rm-temperate 
c l i mates , wi th dep ths  of probab ly  l es s  than  2 00 feet. 

P B - I I I :  T u rri tel l a-Pr i scofu s u s  Zonu l e 

Th e mi dd l e  1 , 800 feet of sect i on a l ong P o rter  B l uffs (l ocs . PB  3 to  PB 2 6) i s  
c l ays tone grad i ng u pwa rd to tu ffaceous s i l ts tone wi th m i nor  f i ne-gra i ned s ands tone . The  
fau n u l e i s  rather  u n i fo rm  throughout .  Ga s tropods fa r outnumbe r pe l ecypods wh i ch a re 
o n l y  l ocal l y  abu nda nt .  S peci mens of Tu rri tel l a  a nd P r i scofu s u s  dom i nate  wh i l e  s uch 
genera a s  E xi l i a ,  N a t i c a ,  Tu rr icu l a ,  Denta l i um ,  and  c rabs a re commo n .  

T he  s tructu rel e s s  b i otu rbated f i ne-gra i ned sed i ments , a n d  d i s tr i b u t i on o f  the 
modern counterpa rts of the ge nera pres ent , s u gge s t  ba thya l  water depths  wi th  a warm-
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tempe rate to temperate wa terma s s .  E a rl i er pa l eoecol og i ca l  i nterp reta t i ons ( Du rham 
1 950}  s u g ges ted aff i n i t i es of several  genera present i n  the Tu rr i tel l a- P r i scofu s u s

' 
Zonu l e as be i ng mo re trop i ca l  i n  ch a racter.  Those  genera a re known today to be mo re 
tol e rant , occurr i ng i n  cool -temperate waters ( Add i cott , 1 970}. T he  abu nda nce of l a rg e  
n u mbers o f  ep i fauna l  and  s ha l l ow i nfau na l  carn i v o rous mo l l u s ks a l so  s u g ge s ts uppe r 
b athyal  depths  ( H i c kma n ,  1 97 4}. 

PB- I V : Sol ena-Pr i scofu s u s  Zonu l e 

The sandstone of the upper part of the Porter section is porous and weathers deeply. 
Fossils recovered are casts and molds along bedding surfaces (PB 25-27) . Occasionally entire 
l eaves and  p i eces of wood occur  together  w i th  s u ch mol l us ks as So l ena , L u c i noma , a nd  
P r i s cofusu s , a l ong w i th ra re ech i n o i d s  of the genus  B r i s a ster.  �su gge s ted that  
th i s fau n u l e wa s trans po rted from s ha l l ower dep ths i nto an  uppe r  bathya l  env i ronment .  
T h i s  i nterpretat i on  i s  ba sed  upon  the  transpo rted natu re of the  fos s i l s  occurr i ng i n  
c oa rs e r  sed i ments  w i th i n  a domi n ant ly  ba thya l  f i ne-gra i ned sequence .  

PB-V : So l emya-Thyas i ra Zonu l e 

Local i ty PB 30  was  col l e cted i n  1 958 by s tu dents  of V .  S .  Mal l o ry at  the  U n i ve rs i ty 
o f  W a s h i ngton .  The  col l ect i ng l ocal i ty has  weathered so  deep l y  s i nce  the  or i g i na l  
excavat i on  that  cons i de rab l e  d i g g i ng fa i l ed to recov e r  fos s i l s . Ge nera l i s ted as  occu r
r i ng i n  s i l ts tones at th i s  l ocal i ty i ncl ude So l effiYa ,  Thya s i ra ,  and L u c i noma . Th i s  
fau nu l e i s  one that recu rs throu ghout  wes tern W a s h i ngton  i n  s trata of l a tes t Eocene  to 
earl y  Mi ocene age . Th e commu n i ty i s  s u gge s t i v e  of l ow-energy , l ower ner i t i c  o r  bathya l  
d ep th s  of cool -water temperatu re , a n  e nv i ronment i n  wh i c h  these  three  ge nera co-occur  
t oday .  

Above th i s  zonu l e t h e  s trata o f  the upper L i ncol n Creek Forma t i on  c rop out d i scon
t i nuous ly  and are so  deep l y  weathered as  to prevent  s amp l i ng .  

Forami n i fe ra l  Pa l eoecol ogy 

Benth i c  fo rami n i fe rs from s ev e n  l o ca l i t i es i n  the P o rter B l uffs  sect i on ( P B  6 ,  8 ,  
1 0 ,  1 2 ,  1 7 ,  2 0 ,  and  2 2 ) , sout hwes tern W a s h i ngto n ,  a re t h e  ba s i s  fo r t h e  pa l eoenv i ron
mental  i nterp retat i on  and reexami nat i on  of the age  presented h e re ( f i g s .  1 9  a nd 2 0}. 
Fo rami n i fe rs p rese nt i n  the P o rter B l u ffs  s ect i on ( f i g .  24} i nd i cate an uppe r  to mi dd l e 
bathya l { 600- 1 , 800 ft )  water depth  and an age as s i g nment of l ate E o cene , l a te Refu g i an  
S tage . S e vera l  i mportant s pec i es a re i l l u s trated i n  f i gu re 2 2 .  

P a l eobathymetric i nterp retat i on  i s  ba s ed on  t h e  d i vers i ty ( ave rage 1 8  s pec i es pe r 
s ampl e ) , the s u border  s pec i me n  percentages  ( ag g l u t i nated 8 percent , porcel aneous  1 0  
p e rcent , hya l i ne 82 percent ) , a nd ana lys i s  of the hya l i ne s uperfami l i es .  M i d d l e ba thya l  
d ep th s  a re i nd i ca ted by  the dom i nance of hya l i ne s pec i es i n  C a s s i d u l i nacea , a ba thy a l  
s uperfami l y  ( S l i ter and  Baker ,  1 972 ) a nd fu rther  corrobo rated by t h e  mi n o r  rep resenta t i o n  
o f  t h e  O rb i toi dacea ( average 1 5  percent ) and  Robert i nacea ( average 2 . 5  percent ) , typ i ca l  
ner i t i c  s uperfami l i es , a nd B u l i mi nacea ( ave rage l es s  than 1 pe rcent ) .  The  m i d d l e  bathyal  
form of  C i bi c i des  e l maens i s  ( smooth , more b i c onvex) i s  more abu nda nt than  the  outer 
ner i t i c  zone  form ( l obate , p l a noconvex) ( McDouga l l ,  1 97 9}. Down s l ope trans po rt i s  
res pons i bl e  for the abu nda nce of po rcel aneous  spec i mens i n  the s trat i g rap h i ca l ly  h i g hes t  
s amp l e s  ( l oc .  P B  2 0  a nd P B  2 2 ) .  

Rau ( 1 948a} cons i dered the  Po rter B l u ffs  sect i on  to be not  ol de r than  l a te Eocene 
a nd not  young e r  than  mi d d l e O l i gocene .  Reexami nat i on  i ndi ca tes a l ate Refu g i an  age . 
C h a racteri s t i c  fo rami n i fe rs i ncl u de Anoma l i na ca l i fo r n i e ns i s ,  C i b i c i des  e l maens i s ,  
Gaudry i na  a l azaens i s ,  Hoeg l u nd i na  eocen i ca ,  a nd Ca s s i d u l i na ga l v i nens i s . Th i s  age 
a s s i g nme nt i s  equ i va l ent  to the  C a l i fo rn i a  U v i ger i na  v i c k s bu r  e ns i s  Zone  ( Donne l l y ,  
1 97 6 )  a n d  t h e  W a s h i ngton  C a s s i du l i na ga l vi nens i s  Zone Rau , 1 95 8 ,  1 96 6 )  a s  mod i f i ed by 
McDouga l l ( 1 979 ) .  
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F I ELD TRI P  ROAD LOG 

The  purp os e  of this f i el d tr i p is to exami ne type and/or reference sections of the 
pri ncipa l  Cenozoic fo rma t i ons of southwestern Washington .  Th e f i el d trip cons i s ts of 1 5  
s top s a l ong h i g hway I nte rs tate 5 between Portl a n d ,  Oregon , and O l ympia , W a s h i ngton  (fig . 
4 ) . Specific i nfonna t i on  i s  prov i ded concerning acces s to each l oca l ity , partic u l arl y  
those on pr i vate l a n d .  Forma t i ons disc us sed inc l u de : Al l u vium , V a s hon Dri ft, Terrac e  
Depos i ts ,  Log a n  H i l l  Fo rmation , Montesano Forma t i on ,  Col u mb i a  R i ver Grou p ,  As tori a(? )  
Forma tion , Lincol n Creek Forma t i on , Cowl itz Formation , Skookumchuck  Formation , Gob l e 
Vol canics , Northcraft Format i o n ,  Mci n tos h Forma tion , Crescent Forma t i on .  

NOTE : Al l potas sium/argon radiometric age dates reported i n  this g uide h ave  been  recal 
c u l a ted as s u gges ted by Dal rymp l e (1979 ) u sing the  new decay and  abu nda nce cons tants 
propos ed by the !GUS Subcommis sion o n  Geochronol ogy (Steiger and  J ager,  197 7 ) .  

M I LEAGE DESCRIPTI ON  

C umu l a t i v e  (I n terva l ) 

THE F I ELD TRI P ORI G I NATES I N  PORTLAND , OREGON. 

0 . 0  Start mi l eage a t  north end  of I n te rs tate 5 bridge acros s Co l u mb i a  R i ver. Stay 
in l eft two l a nes pa s s i ng north through Va ncouver, W a s h i ngto n ,  on  I nters tate 5 
toward Seattl e .  

(6 . 3 ) 
6 . 3  Sa l mo n  Creek . Hol ocene fl ood p l ain terraces occur a l o ng both s ides  of S a l mo n  

Creek va l l ey .  A meander cutba n k  expos es  t h e  l ower terrace  s eq u ence of grave l s 
a l ong S a l mo n  Creek ea s t  of the h i g hway .  

(2 . 2 )  
8 . 5 I nters tate 5 c l i mb s  from one fl oodp l ain terrace upward to a hig h e r  terrace.  

(5 . 3 )  
1 3 . 8  J u nct i on of Hwys I - 5  and  Was h i ngton  501.  Stay on I- 5 .  Th e h il l s  d i rectly 

a head a re unde rl a i n  by Gob l e  Vol canics of l a te Eocene-O l i gocene age .  
(4 . 2 )  

1 8 . 0  Ea s t  Fork of Lewis R i v er. Gob l e Vol can i cs  c rop out a l ong hil l s to the  rig h t  
o f  I - 5 .  

(1 . 7 )  
1 9 . 7  No rth Fork of Lewis R i ver. 

(2 . 9 )  
2 2 . 6 Gob l e Vol canics  form c l i ffs a l ong I - 5 for the  next several  m i l e s .  Subaerial 

l av a  f l ows , ag g l omerates , and  ox i dized soi l hori z ons are typ i ca l  featu res of 
the  cl i ff expos u res . 

(2 . 6 )  
2 5 . 2 V i ew of Col u mbi a River  on the  l eft .  

(4 . 1) 
2 9 . 3 V i ew of Troj a n  Nu cl ear  Reactor Powe r Plant  ahead on l eft acros s the Col umb i a  

R i ver . 
(1. 4 )  

3 0 . 7 Qu arry to the rig h t  expos es  flood p l ain terrace s ediment s .  
(0 . 6 )  

3 1. 3 Th e i sol a ted h i l l  to the ri g h t  of I - 5 is fo rmed of Gob l e  Volcanics . 
(0 . 2 )  

3 1 . 5 Kal ama R i v er. 
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( 0 . 2 )  
3 1. 7 Exit I -5 onto Ka l ama River  Road and  make an immediate rig h t  tu rn onto frontage 

road (Meeker Drive ) .  Drive  back sout h ,  paral l e l  to  I -5 ,  to the south end of 
the frontage road and Kal ama Riv e r  bridge . 

( 0 . 5 )  
3 2 . 2 STOP 1 :  GOBLE  VOLCAN I CS. Pa rk on the l eft sid e  of the frontage road nex t  to 

the  sid e  road entrance.  

( 0 . 5 )  

The outcrop a l ong the frontage road exposes  seve ral ba s a l t fl ows and  oxidiz ed 
s oil ho riz o ns of the l ate Eocene-early O l igocene Gob l e Vo l canics . Th e basa l t 
is general ly  fres h ,  fine grained , and has  masses  of iddings ite scattered 
throughout a l ong with mic rophenocrysts  of p l agiocl ase  and pyroxene .  Unpub l is hed 
K/Ar whol e ro3k data on  the l owes t ba sa l t fl ow in this outc rop yiel d an  age of 
3 7 . 4±0 . 7  x 10 yea rs (Mobil Oil Corpo ration-Fiel d Resea rch Labo rato ry Samp l e  
#4338 :  Armentrout , 1979 ,  u n p ub .  data ) . Th e samp l e was treated fo r remova l  of 
the  diagenetic mi neral s and the da te ob tained is cons ide red a minimum a l though  
p roba b l y  cl o se  to the  time of c ry s tal l iz a tion .  

3 2 . 7 Re tu rn t o  Kal ama River  Road and re-enter I n te rs ta te 5 h eading north . 
( 0 .  1 ) 

3 2 . 8 Maj o r  road cut to l eft of Hwy.  I - 5 exposes  numerous l ava  fl ows , vo l canic l a s tic 
deposits , and  dikes of the  Gob l e Vo l canics . 

( 0 . 8 )  
3 3 . 6  Th e c l iffs o n  the  rig h t  of I - 5 here and  fo r the nex t  two mil es  a re Goble 

V o l c a nics . 
( 1. 1)  

3 4 . 7 Leave I n te rs tate 5 a t  Corrol is-L o ng view exit . 
( 0 . 3 )  

3 5 . 0 Stop sig n :  Longview to the  l eft- -Ke l s o  to the rig h t .  Tu rn rig h t  towa rd the  
b l u ff and  then bea r  north on  the  road towa rd Ke l s o  Drive  pa ral l e l ing I -5 .  
P a rk o n  the l a rge  pu l l -off at the north end  of the b l uff outc rop s .  

( 0 . 2 )  
3 5 . 2 STOP 2 :  GOBLE  VOLCAN I CS. A va riety of rock types a re exposed in this ou tc rop . 

They a re mos t ly  in fau l t  contact with each other  and  rep resent the  predomi
n ant ly  vo l canic facies of the Gob l e Vo l ca nics and  predominant ly  sedimenta ry 
marine to nonma rine facies of the l a te Eocene Cowl itz Formatio n .  Gob l e Vo l canics 
rock types inc l u de pil l ow ,  co l umn a r  or  h ac k l y  j ointed , mas s ive  or  vesic ula r  
basa l t f l ows a n d  dikes .  Sa nds tone a nd carbonaceous s ha l e represent t h e  C owlitz 
F o rmatio n .  

At  t he  t o p  of the bed rock outc rop in this road cut is a remnant  o f  the Troutda l e  
Formation .  The cong l omerates and  sands tones of the P l iocene Troutda l e  Fo rma tion 
a re fl ood p l ain depos its of the Co l umbia River  ( L iving s to n ,  196 6 ) . 

Retrace route to I n ters tate 5 entrance h eading north . 
( 0 . 2 )  

3 5 . 4  Enter I -5 h eading north . 
( 0 . 2 )  

3 5 . 6  O n  the rig h t  a re exposu res of volcanic l a s tic rock of the Gob l e  Volcanics , 
overlying a l ig h t- tan  friab l e  sands tone of the Cowl itz Fonnation .  Th e contact 
between the  Cowl itz and  the Gob l e is typified by an interfinge ring rel a tion 
where the  sa nds tone beds of the Cowlitz g radually decrease in n umber  upsection 
a nd give way to vol canic rocks  of the Gobl e .  

( 0 . 5 )  
3 6 . 1 I n  the road cut on the rig h t  are tu ffaceous ba sa l tic sands tones u n de rl a i n  by 

1 igh t- tan s ands tones of the Cowl itz Formation .  F rom here northward to  the  
city of  C a s tl e Rock  ( about 9 �iles ) the road cuts  a re prima rily in  Cowl itz 
Forma tion s ands tone.  Th e s a nds tones a re ge neral ly deep l y  wea thered and  friable . 

Th e h ighway runs a l o ng the fl ood p l ain of the C olumb i a ,  Cowema n ,  and Cowl itz 
Rivers fo r the next  sev e ral  mil es . Extensive  levee sys tems have been  con
s tructed to prevent  fl ood i nq in the a rea . 
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( 1. 3 ) 
3 7 . 4  Cowema n River .  

(8 . 2 )  
4 5 . 6 Commu nity o f  C a s tl e Rock .  

(1. 4 )  
4 7 . 0 Maj o r  road cut  through Gob l e Vo l canics . 

{ 0 . 7 )  
4 7 . 7 Tout l e River .  

( 1 • 5 )  
49 . 2  Gob l e Vo l canics o n  l eft  of Hwy,  I - 5 .  

( 1. 0 )  
5 0 . 2 Hig hway Res t  Stop . 

(2 . 2 )  
5 2 . 4  Cowl itz River .  

{ 0 . 2 )  
5 2 , 6 Vader-Ryderwood J e t .  - L EAVE I - 5  a nd  fo l l ow s ig n s  toward Was hington  Hwy 506 , 

t u rning rig h t  and driving bac k  south  u nder the  I - 5  Cowl itz R i v e r  B rid ge .  
( o .  7 )  

5 3 . 3 Stop s ig n  at entrance t o  Was hington  Hwy.  506 ,  Tu rn l eft towa rd V ader .  
{ 0 . 6 )  

5 3 . 9 Hwy.  506  traverses  Cowl itz River  f l ood p l ain terrace .  
( 1 .  0 )  

54 , 9 STOP 3 :  COWL I TZ FORMATI ON . Ou tc rop s a l ong  the  hig h  road cuts  o n  the  r i g h t  
revea l  s ands tone channel s cutting i nto the  sil t s tones  o f  t h e  C owl itz Formation  
( fig s .  5-7 ) ,  Abunda nt  s il ts tone ri p-ups  occu r i n  s ome ch annel s .  N o te that  
mos s  grows o n  the  permeab l e s ands tone bed s .  

C o ntinue  wes t o n  Hwy.  506 ,  
(0 . 2 )  

5 5 . 1 Lacamas Creek . 
( o .  7 )  

5 5 , 8  STOP 4 :  COWL I TZ FORMAT ION . Pu l l -off to the l eft onto  s hou l der .  A fa rm gate 
j us t  east  of the tu rn-out provides  acces s v i a a farm road  to C owl i tz Forma tion  
outcrop s a l ong the " B i g  Bend"  of the C owl i tz R i ver  ( fig .  5 ) .  The  outc rop s a re 
1/4 mil e down this road at the  riv e r ' s edge . Th i s  i s  private  l a nd and  perm i s 
s ion  fo r acces s s ho u l d b e  obtained fo r l a rge  grou p s .  The  fa rm road makes  a 
s ha rp rig h t  tu rn a t  the  riv e r ' s ed ge , Ou tc rops of the  C owl itz Forma tion a re 
u p s tream al o ng the riv e r  be l ow this tu rn . 

{ 2 , 5 )  

T hese  outc rops a re the type l ocal i ty of the  Cowl itz Forma tion mol l u s can  fau na  
( fig s .  5 ,  8 ,  and  9 ) . Abu nda nt  pe l ecypods , gas tropods , and  forami nife ra a re 
found  in the  c l ays tones  and  ca l careous s il ts tones (f i g s . 10- 13 ) .  This s trat i
g rap h i c  i nte rv a l  i s  i n  the  uppe r Cowl i tz Formation  and  i s  l ate  Eocene  i n  age . 
Additional  s trata of the Cowl i tz Forma tion a re acces s i b l e a l o ng O l equa  C reek 
( fig . 5 ) . The fos s il local i ty i s  at  river  l eve l  and  is bes t  v is ited du ring 
l ate s umme r ,  l ow river  fl ow. T he  riv e r  bottom i s  nearl y  fl a t  and  s h al l ow at 
t h e  l ocal i ty ,  b ut  sw i ft cu rrents occ u r  d u ring hig h  river  l eve l . A disc us s ion  
o f  the mol l u s  can  and  fo raminiferal  pa  1 eoecol ogy of  this 1 oca 1 i ty appea rs 
earl i er in this repo rt w i th the descrip t i o n  of the O l equa  C reek sect i o n .  

Retu rn to vehic l e s  at t h e  fa rm gate.  Retrace route eastward to  I n te rs tate 5 .  

58 . 3 E ntrance to 1 - 5 .  Bear  l eft contin u i ng north  o n  Was hington  Hwy . 506  paral l e l 
to I - 5 .  

( 1 .  1 )  
59 . 4  Outc rops ac ros s 1 - 5  t o  t h e  east  expose  Quaterna ry terrace grav e l s o f  C owl itz 

R i v e r  fl ood p l ain .  
{ 0 . 6 )  

6 0 . 1 I nters ection of Hwy.  506  and  1 - 5 .  Tu rn l eft  onto I - 5  h ead i ng n o rth  toward 
Centra l ia and O l ympia .  

( 4 . 0 )  
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Figure 6.  
Cowl i tz Formation: 
Stop 3 .  

L ight-colored tuffaceous s i l tstones are cut 
by a channel. The channel is f i l led with darker 
(wet) sandstones and shale rip-ups (see also fig. 
7 ) .  

Figure 5 .  Geology of Vader-Teledo area [after 
Henricksen ( 1 956 ) and Roberts ( 1 958) : all  
Quaternary removed ] .  
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Figure 7 .  Cowl itz Formation: Stop 3 .  
Close-up of shale rip-ups in  the channel of fig. 6. 

Fi gure 8. Big  Bend of the Cowl i tz River: Stop 4. 
Upper Eocene s i l tstones at th i s  stop are the type 

l ocal i ty for the Cow l i tz Fonnation faunas. 
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Fi gure 9 .  Measu red stratigraphic col umn of the Cow l i tz For
mation local i ty at the B i g  Bend of the Cowl i tz River. 



B i ofac i es I nterv a l  A ;  l ower sand ; UCMP 
l oca l i ti es D-8031  through D-8035  and 
D-8043 . 

Gastropoda 
T u rri tel l a  uvasana  o l egua hens i s  Weaver and  

P a l me r ,  l 92 2  
Tu rri tel l a  vaderens i s  Weave r  and  Pa l me r ,  

1 92 2  
P o l i n i ces ( Eu s pi ra ) hotson i  Weave r and 

Pa l me r ,  1 92 2  
P o l i n i ces ( Eu s  i ra )  n uc i fo nni s  (Gabb , 1 864 ) 
Neveri ta ( N ever i ta g l obosa  Gabb , 1 869 
C repi du l a n .  s p .  
C a lyptraea d i e oana ( Co n rad , 1 8 55 )  
E cti noch i l u s Cowl i tz i a )  was h i ngtonens i s  

( C l a rk and Pa l me r ,  1 92 3 )  
F i cops i s  cowl i tz ens i s  (Weave r ,  1 9 1 2 )  
S i

T

hona l i a  s o  enahens i s  (Weav e r ,  1 9 1 2 )  
M o  opopho rus retz i  Weav e r ,  1 9 1 2 ) 
E xi l  i a  d i c ke r�Weaver ,  1 9 1 2 ) 
Tu rr i c u l a cowl i tz e ns i s  (Weave r ,  1 9 1 2 )  

a nd 2 7  other  ga s tropods  

Pe l ecypoda 
G l ycyme ri s s agi ttata (Gabb , 1 864 ) 
V e neri ca rd i a  horn i i c l ark i  Weaver and 

Pa 1 mer .  T'9'2'2 ---
Schedocard i a  b reweri i ( Gabb ,  1 864 ) 
P i tar  (Lamel l i concha )  eocen i ca (Weaver a nd  
--Pa l me r ,  1 92 2 )  
T i vel i na vade rens i s  ( D i ckers o n ,  1 9 1 5 )  

and  1 0  other  b i v a l ve s 

S caphopoda 
D e nta l i um s trami neum Gabb ,  1 864 
Cadul u s  gab b i  Sharp and P i l s bry , 1 898 

and fragments of c rab , ba rnac l e ,  
s ha rk 's teeth , and  tel eos t 
otol i th s  

B i ofac i es I nte rva l  E ;  u ppe r  s i l t; UCMP 
l oca l i ti es D-8040 through  D-8042 . 

Gastropoda 
T u rr i tel l a  u vasana  o l eguahens i s  Weave r  and 

Pal mer ,  192 2 
P o l i n i ces ( E u sp i ra )  hotson i  Weave r  and 

Pa l me r ,  1 92 2  
P o l i n i c es ( Eu s  i ra )  n uc i fo nni s  (Gabb , 1 864 ) 
E cti noch i l u s Cowl i tz i a ) wa s h i ngtonens i s  

( C l a rk and P i l s b ry ,  1 92 3 )  
F u l fiu rofu s u s  was h i n  ton i ana  (Weaver ,  1 9 1 2 )  
S i p  onal i a  s openahens 1 s  Weaver ,  1 9 1 2 ) 
r� u rex s openahens i s  Weave r ,  1 9 1 2  
Conus  vade rens i s  Weaver and  Pa l me r ,  1 92 2  
Conus  cowl i tz e ns i s  W eave r ,  1 9 1 2  
C onus  weaver i  D i ckers o n ,  1 9 1 5  
�ande r n .  s p .  

and 8 other  ga s tropods  

Pe l e cypoda 
N u cu l a n i i dae  s pec i es 

Scap hopoda 
Cadul u s  gabb i  S h arp and P i l  s b ry .  1 898 

and  1 oth e r  s pec i es 

F i gu re 1 0 .  Spec i es l i s t of fos s i l  mo l l u s ks characteri sti c  of each b i ofac i es u n i t of the 
Cowl i tz Fo nnati on l ocal i ty at the B i g  Bend of the Cowl i tz R i ver .  

F i g u re 1 1 .  Late Eocene mo l lu s ks from th e Cowl i tz Fo nnati on  l ocal i ty at the B i g  Bend  of 
the Cowl i tz R i ver .  

1 .  V eneri c a rd i a  ho rni i c l a rk i  W eave r  and  Pa l mer .  UCMP 1 4696 ,  l oc .  D-8031 . Le ngth 
12 . 4  mm. --

--

2 .  Gl c me ri s s ag i ttata (Gabb ) . UCMP 1 4694 , l oc .  D-8032 .  Le ngth 9 . 4  mm. 
3 .  Never i ta N eve ri ta )  gl obo s a  G a b b .  UCMP 1 4 701 , l oc .  D -8043 . Le ngth 8 . 7 mm . 
4 .  Po l i n i ce s  ( E u s pi ra ) h otso n i  Weave r  and  Pa l mer .  UCMP 1 4699 , l oc .  D-8044.  Le ngth 

9 .  7 mm. 
5 .  Po l i n i ces ( Eu s pi ra ) n uc i fo nn i s (Gabb ) . UCMP 1 4 700 ,  l oc .  D-8040 . Length 1 4 . 8  mm. 
6 .  T i ve l i na vaderens i s  (D i ckers o n ) . UCMP 1 4 69 5, l oc .  D-803 2 .  Length 1 1 . 8 mm . 
7 .  Mol opopho rus bretz i  (Weaver ) . UCMP 1 4 702 , l oc .  D-8031 . Le ngth 1 0 . 5  mm . 
8 .  Conus  v ade rens i s  Weav e r  and  Pa l me r .  UCMP 1 4 706 ,  l oc .  D-8041 . Length 1 4 . 3  mm. 
9 .  �rofus u s  was h i ngton i ana  (Weaver ) . UCMP 1 4 70 5 ,  l oc .  D-8040.  Length 2 3 . 5 mm . 

1 0 . Ecti noch i l us (Cowl i tz i a ) wa s h i ngtonens i s  C l a rk and P i l s bry . UCMP 1 4 704 ,  l o c .  D-
8 032.  Length 2 1 . 2  mm . 

1 1 .  Exi 1 i a  d i c ke rs o n i  (Weav e r ) . UCMP 1 4 70 7 ,  l oc .  D-8043 . Length 34 . 2  mm. 
1 2 .  �el l a  vade rens i s  Weaver  and  Pa l me r .  UCMP 1 4698 , l oc .  D-8032 . Length 2 6 . 7 mm . 
1 3 .  Tu rri tel l a  uvasana  o l eguahens i s  Weaver and  Pa l me r .  UCMP 1 4 697 ,  l oc .  D-8032 . 

Length 3 0 . 0 mm. 
1 4 .  F i cops i s  c owl i tz e ns i s  (Weav e r ) . UCMP 1 4 70 3 ,  l oc .  D-8044.  Length 4 2 . 9  mm .  
1 5 . S i phona1 i a  s openahens i s  (Weav e r ) . UCMP 1 4 708,  l oc .  D-8038 . Le ngth 24 . 0 mm . 
1 6 . Atu ri a  s p .  UCMP 1 6065, l o c .  D-8046.  H e i g h t  1 2 2 . 7 mm ( i ncomp l ete ) , depth 5 2 . 2 mm . 
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Fi gure 1 1 .  Late Eocene mollusks from the Cow l i tz Formation local i ty at the Big  Bend of 
the Cowl itz River. 
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64 . 0 From this area north to C heha l is I -5 trav e rs es the N ewau kum  River  fl ood p l a i n  
a l l u via l terrace .  

( 7  . 2 )  
7 1. 2  Newaukum  River .  

( 5 . 6 )  
7 6. 8  J u nction of Hwy.  6 with I n ters tate 5 .  Continue  north on I -5 .  

( 1 • 2 )  
78 . 0 Hil l s  to the ri g h t  a re unde rl ain by the uppe r Eocene Skookumc h u c k  Fonnation , 

a n  a rkos i c  sand  and  coal seq uence interbedded with ma rine s il ts tones . The 
yel l owis h outc rop s on the hil l s  a re s l ump scars and qua rries in the Skooku m
c hu c k  Fonna tion s a nds tones . 

( 2 . 0 )  
80 . 0 Th e hig hway grade is on the Cheha l is River  fl ood p l ain a l luvial terrace .  

( 2 .  7 )  
8 2 . 7 Exit I -5 a t  Ha rrison Avenue-Centra l i a  exit . 

( 0 . 2 ) 
82 . 9 Tu rn l eft onto Ha rrison Avenue .  Drive  wes t  on Ha rrison Avenue  to j u nction 

with Gal vin Road . 
( 1. 0 )  

83 . 9  Tu rn l eft  onto Ga l vin Road and continue  wes t .  
( 1 .  7 )  

8 5 . 6 Chehal is River :  The  hil l acros s the river  on the l eft side  is u p pe r  Eocene 
L incol n Creek Fonnation . 

( 0 . 4 ) 
86 , 0 Ga l vin : Tu rn rig h t  onto U nion Aven u e .  

( 0 . 05 )  
86 . 0 5  STOP 5 :  TY PE  LI NCOL N CREEK  FORMATI ON . Pa rk a l ong rail road trac k s .  The 

b l u ffs to the  wes t  a re acces sib l e from Ga l vin by c ros s ing the  rail road tres tl e 
whic h  is activ e l y  u s ed .  BE CAREFUL ! The Lincol n C reek Fonnat i on type a rea is 
h e re at the j u nctu re of Lincol n C reek and  the C heha l is River  ( f i g .  15 ) .  
Fos s il ife rous tu ffaceous s il t s tones of the uppe r  Lincol n C reek Forma t i on c rop 
out discontin uous l y  a l ong the  rail road trac ks  between Ga l vin and  He l s in g  
J u nction 5 mil es  northwes t .  Fos s il s  in t h e  b l u ff between  Stop s  5 a nd 6 s u gge s t  
a l ate Eocene a g e  a s sig nment fo r Lincol n Fonna tion s trata . 

Fig u re 12 . Late Eocene Foraminifera from the Cowl itz Fonna t i on a t  the B i g  Bend of the 
Cowl itz Ri ver .  

1.  Ka rreri e l l a  contorta Beck .  Samp l e no .  MF5617 .  B a r  eq ua l s  3 00 urn . 
2 .  Quingue l ocu l ina minuta Beck .  Samp l e no. Mf5 617 . B a r  eq u a l s 100 urn .  
3 . Quingue l ocu l ina goods peedi Hanna  and Hanna .  Sampl e no. MF5617 .  B ar  eq ua l s 100 urn .  
4 .  Quinguel ocu l ina impe ria l is porterens is Rau . Samp l e  no. Mf5 7 17 .  B a r  eq ua l s 300 urn .  
5 .  Trilocu l ina g l obos a (Hanna  and  Hanna ) . Samp l e  no. Mf5 617 .  B a r  eq u a l s 100 urn . 
6 .  Lagena  semis triata W il liamson . Sampl e no .  Mf5617 .  Bar  eq ua l s 100 urn . 
7 .  Lentic u l ina we l c hi  ( Ch u rch ) .  Sa mp l e no. Mf5 617 .  Bar eq ua l s 100 urn.  
8 .  Ma rginu l ina �l a ta H a ntken  of Mal lory . Samp l e  no. Mf5617 .  B a r  eq u a l s 100 urn.  
9 .  Vaginu l inopsis s au nders i  ( Hanna  a nd Hanna ) . Samp l e  no. Mf5617 .  B a r  equa l s 300 um .  

10 . Vagin u l inopsis s au nders i  l ewisens is Beck .  Samp l e no. Mf5617 .  B ar  eq ua l s 100 urn .  
11. Lent i c u l ina  texana  (Cus h ma n  and  Appl in ) . Sampl e no. Mf5617 .  B a r  equa l s 100 urn.  
12 . Bol iv i na k l e�i Beck .  Samp l e no. M f5617 .  B ar  eq ua l s 30 urn .  
13 .  Epon i des  mex i canus  ( Cu s h ma n ) . Samp l e no.  Mf5 617 .  B ar  eq ua l s 100 urn.  
14 . Cibicides nat l a ndi Beck.  Samp l e  no. Mf5 617 .  B ar  eq ua l s 100 um.  
15 . Caucasin a  schencki ( B eck ) . Sa mp l e no. Mf5 617 .  B a r  equa l s 30 um .  
16 . Gl oboca s s i d ul ina g l obos a  ( Ha ntken ) .  Samp l e no. Mf5617 .  B ar  eq ua l s 100 um .  
17 . Non i on h a l kya rdi Cus hma n .  Samp l e  no. Mf5 617 .  Bar  equ a l s 10 0 urn .  
18 . Boldia hodgei (Cus hma n  a n d  Schenck ) .  Samp l e no. Mf5617 .  B a r  eq u a l s 100 urn.  
19 . Boldia hodgei ( Cu s hma n  and Schenck ) .  Sampl e no. Mf5617 .  Bar equa l s 10 0 urn . 
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F i gure 12 Late Eocene Foramini fera from the Cowl i tz Formation at the B i g  Bend of the 
Cow 1 i tz R i v e r.  
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LOCAT I ON 

SPEC I ES 

Cibicides natl a ndi Beck - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Gl obobu l i mina acifica  Beck  - - - - - - - - - - - - - - - - - - - - - - - - 

Lentic u l ina ino rnata d ' O rbigny ) - - - - - - - - - - - - - - - - - - - 

B i l oc u l ine l l a  c owl itzen sis B eck - - - - - - - - - - - - - - - - - - - - 

B o l ivina hunneri H owe - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

B o l ivina k l einpe l l i  Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Cibicides  bail eli Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Cycl ammina paci i ca Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Dental ina c ommu nis (d ' O rbigny )  - - - - - - - - - - - - - - - - - - - - - 

E ponides mexica nus  (Cus hma n )  - - - - - - - - - - - - - - - - - - - - - - - 

Gyroidina so l da nii d ' O rbi9ny - - - - - - - - - - - - - - - - - - - - - - - 

Ma rginu l ina  adunca (Cos t a )  - - - - - - - - - - - - - - - - - - - - - - - - - 

N o nien  h a l kya rdi Cu s hma n - - - - - - - - - - - - - - - - - - - - - - - - - - - 

N o nionel l a  j ackso nens is C u s hma n - - - - - - - - - - - - - - - - - - - - 

Pyrul ina fus ifo rmis ( Roeme r )  - - - - - - - - - - - - - - - - - - - - - - - 

Quingue l ocu l ina imperia l is Ha nna and  Hanna  - - - - - - - - - 

C e ratob u l imina was hbu rnei Cus hma n and Schenck - - - - - --
G l oboca s s idu l ina  l obosa  (Hantke n )  - - - - - - - - - - - - - - - - - 

G l obu l ina l a ndes i  Hanna and Hanna )  - - - - - - - - - - - - - - - - 

Ka rreriel l a  contorta Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - 

L e ntic u l ina  c ra s s a  ( d ' O rbigny ) - - - - - - - - - - - - - - - - - - - - - 

L entic ul ina texana  (Cus hma n and  Appl in ) - - - - - - - - - - - - 

Quingue l ocu l ina  goodspe edi H a nna  and  Hanna - - - - - - - - - 

Quinguel ocu l ina impe ria l is porterens is Rau - - - - - - - - - 

Trifa rina h an nai Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

V aginu lino�au nders i  (Ha nna  a n d  Hanna ) --- - ------
B o l dia h odgei (Cu s hma n and  Schenck ) - - - - - - - - - - - - - - - - 

Caucasina  schencki (Beck ) - - - - - - - - - - - - - - - - - - - - - - - - - - 

C ibicides l obatu l us (W a l ke r and  J acob ) - - --- ---------
Cibicides mcma s te rs i  Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - 

D e ntal ina  d u s enbu ry ; Beck  - - - - - - - - - - - - - - - - - - - - - - - - - - 

D e ntal ina j ackso nens is C u s hma n and  Appl in - - - - - - - - - - 

Dyocibicides  perforata Cus hma n and  V a l entine - - - - - - - 

E pis tominel l a  parva  ( Cu s hma n and  Laiming ) - - - - - - - - - - 

Gaudryina a l azaens is C u s hma n - - - - - - - - - - - - - - - - - - - - - - - 

Guttu l ina irregul a ris (d ' O rbigny )  - - - - - - - - - - - - - - - - - - 

Guttu l ina  prob l ema d 1 0 rbigny - - - - - - - - - - - - - - - - - - - - - - - 

Gyroidin a  condoni ( Cus hma n and Schenck ) - ------------
L agena  becki S u l l iva n - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

L agena cos tata (Wil l iamson ) - - - - - - - - - - - - - - - - - - - - - - - - 

L agena s emis triata W il l iamso n  - - - - - - - - - - - - - - - - - - - - - - 

Lagena v u l ga ris W il l iamso n  - - - - - - - - - - - - - - - - - - - - - - - - - 

Lenticu l ina cf.  L . fseudo rotu l a ta (As a n o )  - - - - - - - - - - 

L e nti cu l ina  we l chi Chu rch ) - - - - - - - - - - - - - - - - - - - - - - - - 

M a rginu l ina  exima N eugeboren - - - - - - - - - - - - - - - - - - - - - - - 

M a rginu l ina s ubbu l l a ta Ha ntken - - - - - - - - - - - - - - - - - - - - - 

N odos a ria � d 1 0rbigny - - - - - - - - - - - - - - - - - - - - - - - - - 

N o nionel l ina appl ini (Howe and W a l l ace )  - - -----------
Quinguel o cul ina minuta B eck - - - - - - - - - - - - - - - - - - - - - - - - 

T ril ocul ina  gl ob�a nna and Ha nna ) - - - - - - - - - - - - - - 

V agin u l inopsis s au nde rs i  l ewisensis Beck  - - - - - - - - - - - 

P l a nktic Foraminife rs - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Tota l  number of s pecimens - - ------------------- - -- - --
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Figu re 13 . Cowl itz Forma tion fo raminifera l fau nal  l is t .  Numbers rep resent pe rcent of 
total foraminife ral fau na and  the X represents  rare s pecies not  found  in firs t 3 00 
s pe cimens . Samp l e s  Mf562 1 and Mf5622 a re ba rren of fo raminife rs . 
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(0 . 0 5 )  

Figure 1 4 .  Maximu m southern ex tent 
of P u get Lobe duri ng  the l a s t  
g l ac i a l  peri od is s hown by the 
h eav� l ine  (1 5 , 000- 1 3 , 500 year 
B . P . ) .  Arrows s how d i rection of 
i ce fl ow .  (Modifi ed from Eas ter
brook , 1 969 . ) 

86 . 1 Retu rn to Ga l vin and  tu rn l eft ,  bac k  onto Ga l vin Road toward Centra l ia .  
(0 . 5 )  

86 . 6 On  a cl ear day Mt .  Ra i nier (1 4 , 408 ft ) a nd Mt .  S t .  He l e ns (9 , 6 7 7  ft ) , south  of 
M t .  Rainier, can  be seen  s traig h t  a head . 

(1 . 6 )  
88. 2 Back  at  the inters ection of Ga l vin Road and  Harrison Av enue ; tu rn l eft toward 

Roch es ter. Harri son Avenue is O l d Hwy. 9 9 .  
(2 . 8 )  

9 1 . 0  Turn l eft off O l d 9 9  onto Prather Road . 
(0 . 8 )  

9 1 . 8  Th e b l uffs off to the l eft ,  acros s the Cheha l is River, are part of the Ga l vin 
S e ction . These  b l uffs  are on the northeas t fl ank  of the Centra l ia Syncl ine .  

(0 . 6 )  
9 2 . 4  Cheha l is River. 

(0 . 1 )  
92 . 5  STOP 6 :  L I NCOLN CREEK FORMATION . Park a l ong Prather Road near the ra i l road 

trac k s .  Ou tcrop s of l ate Eocene Lincol n Creek Format i on are acces s ib l e about 
0 . 3 mil e eas t a l ong the rail road tracks  ( fig .  1 5 ) .  The fos s il iferous s i l t
s tones are s imil ar to thos e  of STOP 5 .  Ca l careous  concretionary beds  are 
common . 

Return to vehic l es a nd cont i nue wes t  on Prather Road . 
(1 . 0 )  

93 . 5  Weathered outcrop s  on the rig h t  are L i ncol n Creek Forma tion s il ts tones . 
(0 . 9 )  

94 . 4  Th e u p l a nd surface of these h i l l s  is u nderl a i n  by P l e i s tocene Log a n  H i l l  
Forma tion sands and grave l s � The Logan  Hil l Format i on unconforma b l y  overl i es 
1 ert 1 ary rocKs  ot tne L i nco 1 n Creek rormat i on .  

(1 . 2 )  
95 . 6  J u nction of Prather Road and  Mich i ga n  Hil l Road ; turn rig h t . 

( 1 .  1 ) 
9 6 . 7 Th e Mich i ga n  Hil l Road drop s down an  a l lu vial fl oored s tream va l l ey .  

(0 . 7 )  
9 7 . 4  Road cut  on the ri g h t  exposes weathered L i ncol n Creek Fonna t i on rocks . 

(0 . 8 )  
9 8 . 2  STOP 7 :  L I NCOLN CREEK FORMATI ON . He l s i ng R . R .  J u nction ( fig . 1 5 ) .  J u nc t i o n  

o f  Michigan  Hil l Road a n d  L u deen Road . Park be s i de t h e  road a n d  wal k eas t 
a l ong the road and ra i l road tracks  for 0 . 5  mil e .  
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Figure 1 5 .  Geol og¥ of the Ga l vin-He l s i ng J u nction area ( after S n ave l y , Brown , Roberts , 
and Rau , 1 95 8 ) . 

Outcrop s  of O l igocene upper Lincol n Creek Forma tion sil ts tones occur in the  
high  ba nks  off to the  rig h t  of the rail road tracks . Thes e outcrop s  are the  
s tratigraphica l ly  highest  Lincol n Creek Forma tion s trata examined on  this 
fiel d trip . About one mil e fu rther west  a l ong the rail road tracks  the  Lincol n 
Creek Formation is overl ain with apparent unconformity by the Miocene Astoria ( ? ) 
Forma tion . Outcrop s a l ong that  travers e are res tric ted to l a nds l ide  scarp s  
a n d  are poorl y expos ed . 

Retu rn to vehic l es . 
( 0 . 1 )  

98 . 3 Proceed u nder the rail road tres tl e to j u nction of Michig a n  Hil l and  I n dependence 
Road s . ( Tres tl e has  l ow cl earance--buses  and trucks  s hou l d proceed with a 
visua l  ch eck . ) Tu rn rig h t  and bear l eft cros s the C h eha l is River fol l owing 
J a mes Road . 

(1 . 8 )  
1 00 . 1 Bear rig h t  a t  Triang l e  Store j u nction s taying on James Road . 

(0 . 4 ) 
1 00 . 5 Sharp l eft  tu rn off J a mes  Road onto Al bany Road . Th is area is ca l l ed Ground  

Mou nd Prairie and  is  u nderl ain by V a s hon Drift.  Uncu l tivated areas exhibit 
Mirna Mou nds . 

(0 . 3 )  
1 00 . 8  Th e hil l off to the rig h t  is cored by Lincol n Creek Forma t i on a nd mant l ed by 

L ogan  Hil l Forma tion . 
(0 . 7 )  

1 0 1 . 5  J u nction of Al bany Road and  Hwy .  1 2  in Roch es ter. Turn l eft toward Oakvil l e-
E l ma .  

( 1 .  0 )  
1 0 2 . 5 Th e forested hil l s to the  rig h t  are the B l ack  Hil l s .  They are u nderl ain by 

C rescent Forma tion vol ca nics . 
(3 . 4 )  
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APP��!�ATE QUADRANGL E 

D E C L I NATION, 1 957 
LOCATION 

G FIE LD TRIP STOP 

R 5 W 

CO NTACT 

-- - - O L I G O. W LI NCOLN C R E E K  F O RMATION 
FAULT { � SKOOK UMCH UCK F O R MATION 

UW·161 • EOCE N E  1':"77"1 Mci NTOSH F O RMAT I ON LOCAL I TY � 
UW = Univ. Waoh. 
PH = Pease - Hoover � CR ESCENT F O R MATION 

Fig u re 1 6 .  Geology of Oakville section ( a fter Pease  and Hoov e r ,  1 95 7 } . 

1 0 5 . 9  Black  River .  
( 2 .  1 ) 

1 08 . 0 Oakville ; continue  northwes t on Hwy. 1 2 .  
( 1 .  3 )  

1 09 . 3 STOP 8 :  CRESCENT FORMAT ION . Pull off to left on road s houlde r .  The small 
s ide road provides  acces s to a quarry in C rescent  Forma t i on  ba sa l ts  ( fig . 1 6 ) .  
Recent qua rry activity ( 1 978 } has  expos ed relatively fres h col u mn a r  ba sa l t s .  
Fos s il mollu s ks of la te Eocene age have been fou nd in conglomeratic sa nds tones 
of the  Lincoln Creek Forma t i on ove rlying th e ba s a l ts  but quarrying has des troyed 
the 1 oca 1 i ty . 
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( o .  1 )  
1 09 . 4  Cont i n u i ng north o n  Hwy .  1 2 ,  the road pa s ses  between outc rop s o f  Crescent 

basa l ts , stra t i g rap hica l ly equiva l ent  to those i n  the qua rry a t  S TOP 8 .  These 
basa l ts  a re the basal u n i t of the Oakv i l l e Sect i on (f i g .  1 6 ) ,  

(0 . 2 )  
1 09 . 6  Hwy .  1 2  i s  u nde rl a i n  by P l e i s tocene Vashon  D r i ft wh i c h  forms the uppe r  terrace 

s u rface a l ong the ma rg i ns of the Cheha l i s  R i ver  Va l l ey .  Th e r i v e r  va l l ey i s  
fl oored wi th  Recent a l l u v i um .  

( 4 . 9 )  
1 1 4 . 5  STOP 9 :  CRESCENT FORMATI ON . Pu l l  off to the  r i g h t  a l ong  s i de  road . Base  of 

P o rter Section  (f i g .  1 7 ) . Th e basa l t outc rop a l ong  Hwy .  1 2  is mapped as  
C rescent Forma t i o n .  The  ba sa l ts a re i n  fau l t  contact wi th  L i ncol n Creek 
F o rma t i on s i l ts tones to the sout h .  Fos s i l i fe rous l ate Eocene s a nds tones of 
the Lincol n C reek Forma t i on ove rl i e  the ba sa l ts  i n  the quarry on  the northeast  
s i de  of th i s  outc rop (PB- 1 Acmaea-Os trea Mo l l u s k  Zonu l e of the  pa l eoecol og i c  
d i scus sion ) . Th e s a nds tones-are-ba s al tic  and  deep l y  weathered . Ugpub l is hed 
K/Ar who l e rock data on this outc rop yiel d a n  age of 38 . 9± 1 . 2  x 1 0  yea rs 
(Mobil O i l Corpo ration-F i el d  Resea rch Laboratory Samp l e  #4334 : Armentrout , 
1 97 9 ,  u npub .  data ) . Th e ba sa l t i s  a l tered wi th  mi n o r  amo unts  of s e r i c i te and  
c h l or i te prese nt .  Al though  the samp l e was treated for remova l  of these  compo
n ents , the date s hou l d be cons idered a min i mum fo r the t i me of c rys tal l i z at i o n .  

(0 . 3 )  
1 1 4 . 8  Road cuts  expose deep l y  weathered tu ffaceous s i l ts tones of the L i ncol n C reek 

F o rma t i o n .  
(0 . 3 )  

1 1 5 . 1  Ou tcrop s o n  the  rig h t  a re Lincol n C reek Fo rma tion s i l ts tones : note dis ti nct  
tuff bed , 

(0 . 4 )  
1 1 5 . 5  STOP 1 0 :  L I NCOLN CREEK FORMATI ON . Pa rk o n  h i g hway s hou l de r  near  Lyt l e Logging 

Road . Outcrop s  a l o ng the  next mi l e  towa rd P o rter a re the ty pe " Po rter S h al e s " , 
n ow i ncl uded i n  the Lincol n C reek Format i on  (f i g .  1 8 ) .  Th e tu ffaceous s i l t
s tones a re of l a te Eocene age .  Ca l careous concret i onary beds serve  as ma rke r 
hor i z ons fo r fau l t  cont rol and  fos s i l  l o cal i ties (fig . 1 9 ) .  Th e " P o rter 
S hal e s "  a re s tra t i g raphica l ly  equ i va l ent to the l ower Ga l v i n sect i o n .  Th e 
l ower pa rt of the trav e rs e  from Lyt l e Logg i ng Road to P o rter  i s  a l ong a ve ry 
fos sil i fe rous s hal e s eq u ence s u s c ept i b l e  to s l ump i ng (figs . 20-22 ) .  As the 
rocks become i nc reas i ng l y  s i l ty and tu ffaceous the b l uffs become mo re s tab l e .  
The Porter  B l uff travers e  i s  pos ted " N o  Tres pa s s ing " by the Wa s h i ngton  State 
H i g hway Depa rtment . Some of the mos t  fo s s i l i fe rous s ha l es  near  the Lyt l e  
Logg i ng Road a re n o t  po s ted . 

(0 . 1 )  
1 1 5 . 6  Fos sil i fe rous s ha l es  of Lincol n C reek Forma tio n .  

(0 . 3 )  
1 1 5 . 9  Fos s il i fe rous s i l ts tones of " P o rter S h al e "  L i nco l n C reek Forma t i o n  (f i g s .  1 7 -

1 9 ) .  
( o .  7 )  

1 1 6 . 6  Porter C reek . 
( o .  1 )  

1 1 6 . 7  Porter :  j u nctio n  of Hwy .  1 2  a nd Cap i tol Fo res t Road . 
(0 . 1 )  

1 1 6 . 8  Lower u n i ts of uppe r  " P o rter S ha l e "  L i ncol n C reek Forma t i on .  
(0 . 2 )  

1 1 7 . 0  STOP 1 1 :  L I NCOLN CREEK FORMATION . P a rk on s hou l der  of hig hway .  F rom this 
p o i nt the uppe r  " Porter S h a l e "  L i ncol n C reek Forma t i on  s i l ts tones a re acces
s i b l e .  Sma l l fau l ts occur  at  the south  end of the  outcrop s n o rth  of the 
p a rking a rea (f i g s .  1 7  and  1 9 ) .  Foss i l s  indicate a l a te Eocene age fo r these 
s trata (uppe r  P B- I I I :  Tu rri tel l a-Priscofusu s  Mo l l u s k  Zonu l e o f  pa l eoecol og i c  
d i sc u s s  ion ) . 
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Figure 18.  
Porter Bluffs: 
Stop 1 0 .  

These s i l tstone bluffs are the type section 
of the "Porter Shal e s , "  of the L i ncoln Creek 
Fonnati on. 

F i gure 1 7 .  Geol ogy of Porter Bl uffs section 
( after Pease and Hoover, 1 957 } .  



N 

NORTH PORTER BLUFFS 

A 

SOUTH PORTER BLUFFS 

A' 

Q F I E LD TRIP  STOP NOT TO SCALE 

F i g u re 1 9 .  Porte r B l uffs : Stop s  1 0  a nd 1 1 .  S ketch-s ect i on for Porte r B l u ffs fos s i l  
l ocal i t i es .  Loca l i t i es a re sepa rated by c a l c a reous  conc ret i ona ry beds offset by 
fau l ts .  

(0 , 8 )  
1 1 7 . 8  STOP 1 2 :  L I NCOLN CREEK FORMAT I ON .  Pa rk o n  r i g h t  s hou l der  by pr i va te road . 

(0 . 5 )  

U ppe r L i ncol n C reek tu ffaceous  sil ty sands tones crop out 0 . 1 m i l e  north of the 
p a rk i ng a rea (f i g .  1 7 ) .  These  outcrops  conta i n  mol ds  and casts of earl y  
O l i gocene mol l u scans . a n d  ra re fos s il h eart u rch i ns (PB- I V :  Sol e na-Pr i scofusu s  
Mo l l u s k  Zonu l e of the pa l eoecol og i c  d i scus s i on ) . 

1 1 8 . 3  Ma l one .  
(0 . 3 )  

1 1 8 . 6  Road cuts  a l ong the h i g hway a re deep l y  weathered uppe r  L i ncol n Creek Format i on 
s ha l es . F res h outc rop s  yi el d a l ate O l i gocene fos s i l  a s semb l age (f i g .  1 7 ;  PB

(l . 9 ) V :  Sol emxa-Thya s i ra Mol l u s k  Zonu l e  of the  pa l eoecol og i c  d i scus s i on ) .  

1 2 0 . 5 The h i l l s  to the r i g h t  a re underl a i n  by l ower t1 i ocene As tori a(? )  Forma t i on 
ma ri ne  sed i me nta ry rocks  u nconforma b l y  ove rl y i ng the Lincol n Creek Forma t i on .  

( o .  1 )  
1 2 0 , 6  The  roadbed i s  cons tructed on a te rrace su rface underl a in by P l e i s tocene  

V a shon D r i ft.  The  l ower terrace a l ong the r iver  i s  Hol ocene a l l u v i um .  
( 1 . 1 )  

1 2 1 . 7  Road cuts  a l ong th i s  a rea expose grave l s of the Vashon D r i ft .  
(0 . 6 )  

1 2 2 . 3  An outc rop of P l e i s tocene te rrace grave l  i s  exposed i n  the b l uff be h i n d  the 
sma l l s h i ng l e  mi l l .  Th i s  terrace grave l  i s  s tra t i g rap h i ca l l y  above  the Vashon 
D r i ft .  

(0 . 1 )  
1 2 2 . 4 STOP 1 3 : TERRACE GRAVELS . Tu rn ri g h t  onto grave l  road . Th i s  s hort deadend  

p rov i des access  to the P l e i s tocene te rrace grave l  outc rop at  the s h i ng l e  m i l l .  
(0 . 2 )  

1 2 2 . 6 Re tu rn to Hwy.  507  a nd cont i nue  north .  J u nct i on of Hwy .  1 2  w i th Hwy.  8 ;  tu rn 
r i g h t  onto Hwy.  8 trave l i ng east toward O l ymp i a .  
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( o .  7 )  
123 . 3 Excel l e nt exposu res of Quaternary terrace g rave l s  crop out  o n  the ri g h t  s i de  

o f  the h i g hway . 
( 1. 9 )  

12 5 . 2  H i g hway Res t  S t op .  
(2 . 0 )  

12 7 . 2  Te rrace g rav el s .  
(2 . 5 )  

129 . 7  J u nct i on of Hwys . 8 and 108 a t  McC l eary-S h el ton  ex i t . 
( 1. 3 )  

13 1. 0 Hwy . 8 travers es the B l ack  H i l l s  between E l ma and  O l ymp i a .  These  h i l l s  a re 
cored by l ower to mi dd l e  Eocene C rescent Forma t i o n  basa l ts  wh i c h  crop out  
a l ong the  h i g hway from McC l eary to O l ymp i a .  

( 1. 2 )  
132 . 2 STOP 14 : CRESCENT FO RMAT I ON .  P i l l ow ba sa l ts a re exposed i n  the road cut on  

the  l eft  acros s the  wes t bound  l ane  of Hwy. 8 ( f i g .  23 ) .  Pa rk i ng a l ong th i s  
a rea i s  l i m i ted to the  h i g hway shou l de r and  i s  res tr i cted to eme rgency pa rk i ng 
o n l y .  

(0 . 2 )  
13 2 . 4  STOP 15 : CRESCENT FORMAT I ON .  Ba sa l t fl ows o f  the C rescent  F o rma t i on  are we l l 

exposed ac ros s Hwy .  8 to  the l eft  ( f i g .  2 5 ) . Fractu red fl ows s how the typ i ca l  
p attern of col l o nade bel ow and hacky e ntab l atu re abov e .  Ag a i n  onl y eme rgency 
p a rk i ng i s  a l l owed a l o ng the  h i g hway shou l der .  

U npub l i s hed K/Ar whol e rock  dgta o n  the ma i n  outcrop fl ow at th i s  l ocal i ty 
y i el d  a n  age of 4 7 . 5±1. 7 x 10 yea rs (Mob i l O i l  Corporat i on-F i el d Research 
L aboratory Samp l e #4337 : Armentrout , 197 9 ,  u n p u b .  data ) . The rock i s  h i g h l y  
a l tered and  the age s hou l d b e  cons i d e red a m i n i mum fo r the t ime o f  c ry s ta l l i z a
t i o n .  

Con t i n u e  e a s t  towa rd O l ymp i a .  
( 1 8 . 4 )  

150 . 8  Mt .  Ra i n i er i s  " occas i onal l y "  v i s i b l e  t o  the  east .  
(0 . 4 )  

15 1. 2 The  bay o n  the  l eft  i s  part of the  southern  termi nus  of P u ge t  So u nd .  
(4 . 0 )  

15 5 . 2  Terrace depos i ts o f  Quaternary fl u v i a l  and  g l ac i ofl u v i a l  o ri g i n c rop out  i n  
excavat i ons t o  the  l eft .  

( 1. 7 )  
156 . 9  Off  t o  the  l eft i s  another branch of P u ge t  So u nd .  The  W a s h i ngton  State Cap i tol 

Bu i l d i ng i s  on  the terrace s u rface above th i s  bay . 
( o . 1) 

157 . 0  J u nct i on o f  Hwy.  8 and  I -5 .  

END O F  F I ELD TRI P .  

NOTE : The  Atu r i a  s p .  i l l u s trated o n  F i g u re 11 i s  from an u nknown l o ca l i ty wi th i n  the 
C owl i tz F orma t i o n ,  D-8046.  Th i s  genus has been  repo rted from the  B i g  Bend  l ocal i ty .  

109 



NUMBE R OF SPEC IMENS 
X RARE ( 1 )  
0 FEW ( 2-4 )  
I COMMON ( 5 - 1 0 )  

FORMAT ! ON 
ZONULE ! I I I I 
ZONE E.  da l l il 

• ABUNDANT ( 1 1 -20 ) 
* DOMI NANT (> 20 ) 
? QUESTI ONABLE 

N 
I I 

L OCAL I TY "' "' 
0. 0. 

GASTROPODA 
Acmaea oakv i 1 1 e ns i s  - - - - - - - - - - - - - - - - - - - - 

Afori a  campbe l l i -- - - - - - --- - ---- - - - - --- - - -

A fo ri a �ackar�i ----- - - - ------- --- ---- - - 

iii=iiCiar i a co umb i anum - - - - - -- - - --- - --- - 

Ex i l i a  l i ncol nens i s  -- - ------- --- - - - --- - 

Gyrineu( j effers onens is ---- - - - - - - - - - ---

Na t ica  C r,etonat ica)  weaveri  - - - - - - - - - - 

(ile(jUilh i a 1 neal nens i s  - - - - - - - - - - - - - - - --

Pers e  1 i nco1 nens i s  - - - - - - - - - - - - - - - - - - - - - 

PillTrii ces (Eugp�rj l was h i nqtonens i s  ----- -
Pri scofusus  c e a i sens 1 s  - - - - - - - - - - - - - - 

P r i scofusus  fox i ------------------------ -
Scaphander washlngtonens i s  -------------- -
S i phonal i a  washingtonens i s  -- -- ---- -- - - - 

Spi rotrop i s  d i c ke rson i  - - - - - - - - - - - - - - - - - 

Spi rotrop i s  k i nca i d i  -------------------- -
Suavod r i 1 1 i a  thu rs tonens i s  -- ------ - - - - - 

Suavod ri 1 l i a  worch es teri --- - - - - - - - - - - - - 

Tu rricu1 a wa s h i ngtonens 1 s  - - - - - - - - - - - - - - 
Tu rritel la  porterens 1 s  ------------------

PELECYPODA 
B a rba t i a  (Acar)  re i n h a rt i  - - - - - - - - - - - - - - 
Call i sta pTITSbu ryens 1 s ------ - - --- ---- - 

crassate1 1 a  (Crassate1 1 a )  was h i ngtoni ana-
[ ima oregon ens i s  ----- - -------- - - --- - --- - I 
Lu c i n oma hanni ba 1 i -------- ------- ------- -
�i um ( Keenaea ) 1 o renza num --------
Nucu1 ana washTii"ijtiiiiens i s  - -- - - - - - --- - - - - 

Os trea 1 i nco1 nens i s  --- - - - - - - --- --------- * 
P 1 tar ( P i tar)  da ll i  - - - - - - - - - - - - - - - - - - - - 

POdo.desmus-\PodOdeSmus )  n ewcombe i - - - - - - 

So1 emya da 1 1 i  --------------- --------- --- -
Sol ena 1 i nco1 nens i s  - - - - - - - - - - - - - - - - - - - - 

�i ra (Conchocel e )  b i secta ---------- -

S CAPHOPODA 
Denta1 i um porte rens i s  --------- ----------

X 

0 

0 

X 

L I  NC:OLN CREEK 
PB I I I  PB IV  PB V 

E .  fax 

- - - X 0 - - 0 X - - - - - - - - - - - - X - - -
- - - X - - 0 I 0 0 - - - X - - - - - - - - X - -

- - - • • - • •• • • - x x o o - o x - • • - - -

- - - - - - - - X - - - - 0 - - - X - X 0 - - - -
- - - - - - - - X - - - - - - - - - - - X - - - -
- - - X X - - X - - X - - 0 X X - X - - I - - - -

E .  rex 
"" "'  0 N N <"> 

I I I co� ;? 

- - - - - - 0 0 - 0 0 - X - O X - 0 0 0 · - - - - X -
X - - - X  - I I I I X - 0 I 0 0 X 0 0 0 • o  - - -
- - - - - - - - - - - - - - - - - - - - - - - - - . -
- - - - - - - - - - - - - - X - - - X 0 0 - - - -
- - - - - - - - - - - - - - - - - - - - X - - - -
- - - - X - - - - - X - - - - - - - - - - - - - -
- - - - - - - X 0 X - - X - - - - - - - 0 - - - - - X 
- - - - - - - - - - - - - 0 - - - - - X - - - - -

- - - - X - X 0 X X - - - - - - - - X - - - - - -
- - - x • - • • * • 0 - - X 0 X - 0 X - I X - - -
- - - X  X - I I • 0 0 - 0 * • • • •  I 0 * X - - -

- - - - - - - - - - - - - - - - - X X 0 X - - - -

- - - - - - - - - - - - - - - - - X - - I - - - -
- - - - - - - - - - - - X I X - X 0 - - X - - - - 0 -
- - X - - - X - - 0 - - X 0 X - - - X - I - - - -
- - - - - - X - - - - - X 0 X X - - - - I - - - - X -

- - - - - - - - - - - - 0 0 - - 0 - - X 0 - - - -
- - - - - - - - - X - - - X - - - - - - X - - - - X -

- - - I I X • * • • - - - O X - - X X - 1 - 1 0 - 0 0  

F ig u re 2 0 .  Species ch eckl is t o f  common mol l u scan  fos s il s from t h e  Porter  B l uff section 
of the Lincol n Creek Forma tio n .  

Fig u re 2 1 . Late Eocene mo l l u s ks from the L i ncol n Creek Fo rmation a t  Porter B l u ffs . 

l ,  2 .  Scaphander was h i n  tonens is W eaver .  Synty pe ,  CAS 475b , l o c .  UW 2 5 6 ,  Heig h t  1 2 . 9  
mm, d i a meter  7 . 4  mm i ncomp l ete ) . 

3 , 4 . O l eguahia l incol nens is (W eave r ) . Synty pe ,  CAS 466A , l oc .  UW 2 5 6 .  Heig h t  36 . 2 
mm , d i ameter 2 5 . 0  mm. 

5 .  Bruc l a rkia col umbianum  (Anders o n  and Martin ) .  Ho l o ty pe ,  CAS 1 5 5 .  Heig h t  5 7 . 0 
mm,  diameter 3 7 , 5 mm . 

6 ,  7 .  Exil i a  l i ncol nens  is W eaver .  Synty pe ,  CAS 4 68a . H e i g h t  2 9 . 5  mm (incomp l ete ) , 
d iameter 6 . 7  mm . 

8 ,  9 .  Tu rric u l a was h ingtonens is (W eaver ) . Hol o ty pe ,  CAS 560 ,  l oc .  UW 3 52 . Height  
2 5 . 7 mm (incomplete ) , diameter 1 0 . 4  mm . 

1 0 .  Denta l ium o rterens is W eave r .  Ho l otype , CAS 7 5 1 7 ,  l oc .  UW 90 , Length  39 . 3  mm 
( incomp l ete , diameter 8 . 6 mm . 

1 1 ,  1 2 .  Tu rritel l a  po rterens is W eave r .  Syntype ,  CAS 506a , l oc .  UW 1 60 .  Heig h t  3 1 . 5 mm , 
d iameter 1 1 . 2 mm . 

1 3 , 1 4 .  P e rs e  l incol nens is (V a n  Win k l e ) . Hol oty pe ,  CAS 7 564,  l oc .  UW 3 52 .  Height  3 1 . 6 --rom,- diameter 1 7 . 6  mm . 
1 5 ,  1 6 . P risc ofu s u s  cheha l isens is (W eave r ) . Syntype , CAS 507b .  Heig h t  6 2 . 6 mm , diameter 

22 . 8  mm . 
1 7 , 1 8 .  Pita r da l l i (W eaver ) . Syntype , CAS 460a . Length  59 . 1  mm , heig h t  49 . 4  mm 

--nti"compl ete ) , depth  1 7 . 5  mm (s ing l e  va l ve ) . 
1 9 , 2 0 .  Cras s a te l l a  (Crassatel l a )  wa shingtoniana  (W eaver ) . Syntype , CAS 480A , l oc .  US 

3 5 2 .  Length  3 6 . 3 mm, height  28 . 8 mm , depth 1 0 . 3  mm (s ing l e  va l ve ) .  
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Fi gure 2 1 . Late Eocene mol lusks from the Lincoln Creek Formation at Porter Bluffs. 
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Figure 22.  Late Eocene Foramini fera from the L i ncoln Creek Fonnation at Porter Bluffs. 
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F i gure 22. Late Eocene Forami ni fera from the L i ncoln Creek Formation at Porter Bluffs. 

1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 9 .  

l 0 .  
1 1 .  
1 2 .  
1 3 .  
1 4 .  
1 5 .  
l 6.  
1 7 .  

Gaudryi na alazaensis Cushman, sample no. 1 0 .  Bar equals 100 urn. 
Gaudryi na alazaens i s  Cushman, sampl e no. 1 0 .  Bar equals 300 urn. 
t1artinottiella commu n i s  ( d ' Orbigny), sample no. 6. Bar equals 100 urn. 
Qu i n�ueloculi na weaveri Rau, sample no. 1 0 .  Bar equals 100 urn. 
Pseu onodosaria 1 nflata (Costa), sample no. 20. Bar equals 100 urn. 
Margi nulina exima Neugeboren, sample no. 1 0 .  Bar equals 100 urn. 
Margi nul i na alazaens i s  Nuttal l ,  sample no. 1 7 .  Bar equals 300 urn. 
Pl ectofrondicularia raci l i s  Smith, sample no. 1 0 .  Bar equal s  100 urn. 
Lenticuli na lincolnensis Rau), samp l e  no. 20. Bar equals 300 urn. 
Stilostomel l a  advena (Cushman and Laiming ) ,  sample no. 1 0 .  Bar equals 1 0 0  urn. 
Cibicides elmaensis Rau, sample no. 10. Bar equals 100 urn. 
C1bicides elmaensis Rau, sample no. 1 0 .  Bar equals 100 urn. 
Nonionel l i na appl i ni (Howe and vlal lace), sample no. 1 0 .  Bar equals 30 urn. 
Nonionellina appl i ni (Howe and Wallace),  sample no. 1 2 .  Bar equals 30 urn. 
Gyroidina orbicularis planata Cushman, sample no. 6. Bar equals 100 urn. 
Ceratobul im i na washburnei Cushman and Schenck, sampl e no. 20. Bar equals 100 urn. 
Hoeglundina eocenica (Cushman and Hanna ) ,  sample no. 6. Bar equals 100 urn. 
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Figure 2 3 .  Crescent 
Formation: Stop 1 4 .  

Close inspection of the 
road cut at this stop 
reveals pi l low basalts of 
early and middle Eocene 
age. 



Taxon Loca l ities PB 6 P B  1 0  PB 1 2  PB 1 7  P B  2 0  PB 22  
A l l omorphina trigona Reu s s  - -------------------- . 5  
Anoma l ina  ca l ifo rnie ns is C u s hman a nd Hob son - --- . 5  
Cass idul i na gal vi nens is C u s hma n and  Frizze l l - - - . 2  
C a s s idu l ina  g l obos a  Hantken  - - - - - - - - - - - - - - - - - - - - . 2  
C ibicides e l maens is Rau - - - - - - - - - - - - - - - - - - - - - - - - 33 
Cycl am1 na pacific a Beck  - - - - - - - - - - - - - - - - - - - - - - - - . 2  
D e nta l ina  dusenbu ryi Beck  - - - - - - - - - - - - - - - - - - - - - - . 2  
!· j acksonens is C u shman and Appl in - - - - - - - - - - - - - 2 !· s p .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 5  !· spinos a d ' O rbigny - - - - - - - - - - - - - - - - - - - - - - - - - - - . 2  
E ponides sp.  - - - - --- - --------------------------- . 2  
Gau dryina  a l azaens is C u s hma n - - - - - - - - - - - - - - - - - - - 2 . 6  
Gyroidina o rbic u l a ris pl a nata C u s hman - --------- 8 
Hoeg l u ndina eocenica ( Cu s hma n and  Hanna )  - - - - - - - 3 2  
L enticu l i n a  cras s a  ( d ' O rbigny ) - - - - ------------- . 5  
L .  s p .  A - - -::::=:- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 5  
L. weaveri (Beck ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 2  
Margin u l ina  exima Neugeboren - - - - - - - - - - - - - - - - - - - . 2  
Ma rtinottiel l a  commu nis (d ' O rbig ny )  - - - - - - - - - - - - 7 
Me l onis s p .  - - - --------------------------------- . 5  
N odos a ria s p .  - - - - - ----------------------------- . 8  
O ridors al is umbonatu s  (Reus s )  - - - - - - - - - - - - - - - - - - 2 
Quingue l ocu l ina im e ria l is Hanna  and  Ha nna ----- 1 . 0 
Fis s u ri n a  ma r i nata Montagu )  - - - - - - - - - - - - - - - - - 

L agena cos tata W il l iamson ) - - - - ----------------
l· v u l ga ris W il l iamson - - - - - - - - - - - - - - - - - - - - - - - - 

L e nt i c u l ina  l imbos a hockl eyens is 
( Cushman a nd App l in ) - - - - - - - - - - - - - - - - - - - - - 

l· cf .  l· pseu dorotu l a ta (As ano) - ----------- ---
L . s p .  - ----------------------------------------
Nodos a ria l ongiscata d ' O rbigny - - - - - - - - - - - - - - - - 

P l ectofrondicu l a ria racil is Smith - - - - - - - - - - - - 

P s eu donodos a ria i nfl ata Cos ta )  - - - - - - - - - - - - - - - 

S til os tomel l a  adol phina  (d ' O rbig ny )  - - - - - - - - - - - 

s .  advena ( C u s hman and Laiming ) - - - - - - - - - - - - - - - 

[ui�cul ina weaveri Rau - - - - - ---------------
Guttu l ina  sp .  - - --------------------------------
N onionel l ina app l ini (Howe and W a l l ace )  - - ------
Cycl ogyra b ramens i s  (Cu s hman )  - - - - - - - - - - - - - - - - 

E ponides mexicanus  Cus hma n )  - - - - - - - - - - - - - - - - - - 

L agena  becki S u l l ivan  - - - - - - - - - - - - - - - - - - - - - - - - - 

L e ntic u l ina  inornata (d ' O rbig ny )  - --------------
M a rginu l ina a l azaens is N u tta l l - - - - - - - - - - - - - - - - 

C e ratobul imin a washbu rnei Cu s hma n and Schenck - -
D e ntal ina consob rina d 1 0 rbigny - - - - - - - - - - - - - - - - 

L e nticul i na l incol nens is (Rau ) - - - - - - - - - - - - - - - - 

B il ocul ina  cowl itzensis Beck  - - - - - - - - - - - - - - - - - - 

Foraminifera l fragments - - - - -------------------- 6 
P l a nktic Foraminife ra - - - - - - - - - - - - - - - - - - - - - - - - - 

Total number  of specimens - - -------------------- 342  
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Figu re 2 4 .  Species ch eckl ist of fos sil Foraminife ra from the Porter  B l u ffs sect i on of 
the  Lincol n  C reek Formation . Numbe rs rep resent percent of total foraminife ra l 
fau na . Samp l e numbe r  P B  8 is ba rren of foraminife rs . 
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Figure 25. 
Crescent Fonnation: 
Stop 1 5 .  

Fractured flows show 
the typical  pattern of 
col lonade below and hacky 
entablature above. 
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MARYS PEAK FIELD TRIP : STRUCTURE OF THE EASTERN FLANK OF THE CENTRAL COAST RANGE, 

OREGON 

Robert D .  Lawrence, Charles L .  Rosenfeld , & William Ruddiman, III 
Oregon State Univers ity , Corvallis, OR 97331 

INTRODUCTION 

��rys Peak (4097 feet, figure 1)  is the highest elevation in the Oregon Coast 
Range. The peak is topped by an erosion resistant s il l  which intrudes bedded sand
stones of the middle Eocene Flournoy Formation which in turn overlie the early Eocene 
Siletz River Volcanics. The Corvallis fault trends northeast past the eastern base of 
the peak and is the most significant structure of the area. The Kings Valley fault 
which passes through the top of the peak is a minor structure. The main bulk of the 
peak is composed of northwest d ipping rocks of the Siletz River Volcanics . This field 
trip guides you through a southeast to northwest traverse across the strucutral grain 
o f  the area to illustrate the structure and stratigraphy. 

Figure 1 .  Aerial oblique photo o f  Marys Peak from the southeas t . 
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STRATI GRAPHY 

The rock uni t s  of the area are representat ive of the Eoc ene un i t s  and younger 
intrus ions that make up the bu lk of the expo sures of  the Coa st Rang e .  

The oldest exp o s ed unit i s  the early t o  early midd le Eoc ene S iletz River Vo lcanic s . 
I t  is c ompo s ed o f  submar ine p il low and ma s s ive ba salt flows , ba salt brecc ias and tuf f s ,  
and a s s o c iated thin basal t ic - s ed imentary rocks ( Snavely and o thers , 1 9 68 ) . The ba s e  of  
the unit  is  no t expo s ed ,  bu t g eophy s ical data  ( Dehl inger and other s , 1 9 68 ) sugg est 
lower d en s ity ma terials ( s ed iment s ? )  beneath it . The lower part of the unit is s imilar 
to oc ean ic cur stal ba sal t s  and is  thought to  be oc ean ic cru s t  which accreted to the 
c ont inental mar g in .  Ro cks o f  mor e var ied c ompo s it ion ac cumulated locally in the upper 
part o f  the unit a s  s eamoun t s  (MacLeod and Snavely , 1 97 3 ) . The unit is e s t imat ed at 
over 1 0 , 000 f eet thic k  and one of  the best s ec t ions is  expo s ed on Mary s  P eak (Baldwin , 
1 9 5 5 ) . 

The upper part o f  the S iletz  Riv er vo lcanics  is a s eparate member , the King s 
Valley S il t stone Memb er . This is 3 000 feet thick in Kings Valley to the nor thea s t  
( Vokes and o ther , 1 9 54 ) , bu t only about 5 0 0  f eet o n  Marys P eak.  It  is  a unit ma inly of 
tuf faceou s  s il t s t ones and minor tu f f ac eous sand s t ones o f  ba salt ic derivat ion . Lo cally 
white  ash beds are present . 

The Flournoy Forma t ion overlies  the King s Val ley s il t stone with l i t t l e  or no 
unconformity . It wa s former ly mapped a s  the Tyee Format ion (Baldwin , 1 95 5 ) , and 
Snavely and other s ,  1 96 4 ) , bu t rec ent wo rk (Baldwin , 1 9 7 4 )  found that the Tyee is 
restricted to the southern Coa st Range of Oregon , while the Flournoy is mor e  widespread . 
The Flournoy Forma t ion is a thick s equ enc e of rhythically b edded mar ine sand s tones 
and s il t s t ones of  midd le Eoc ene age d er ived f rom the Klamath Mountains ( S navely and 
other s ,  1 9 64 ) . At the lat itude of Mary s Peak it is mo s t ly f ine-grained sand stone 
and s il t s tone which ac cumulated in grad ed bed s  s ix inches to  three feet thick . The 
sand stone i s  arko s ic and micaeous , well c ompac ed , and greenish gray or bluish gray 
in c o lor . Sedimentary structures ind icat ive of turb id i t e  d ep o s i t ion ar e common . 
The unit is 6000  f eet thick west of Mary s  Peak and thins rap idly to the eas t . 

The Flournoy Format ion is overla in unc onformably by the lat e Eoc ene Spencer 
Format ion ea s t  o f  the Corvallis fault and the area of this f ield t r ip . The unc onformity 
i s  marked adj acent to  the fault suggest ing that the Spenc er , a series of thick-bedd ed 
basal t ic , arko s ic ,  and micaceous mar ine sand stones wa s dep o s it ed o f f  the block west of the 
Corvallis  f aul t dur ing and a f t er the early mo t ion on the fault . 

The Marys  Peak s il l  is intruded between bed s  of the Flournoy Fo�ma t ion . It  
formed from a ba salt ic magma and developed a typical basalt  d i f f er en t ia t ion s equenc e 
( Rober t s ,  1 9 5 3 ) . The ent ir e  s ill is about 1 000 f eet thic k .  I t  has chilled mar g ins . 
Between these it ranges from a pyroxene-rich ba se o f  granophyric gabbro to a grano
phyric diorite cu t by aplit ic d ikes near the top . A rad iometr ic date o f  2 9 . 9  m . y .  
b y  Park Snavely ( r epor t ed in S imp son and Cox , 1 97 7 )  g ives an Ol igo c ene age for the 
s ill . S imilar intru s ions are c ommon in the Coa st Range .  
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STRUCTURE 

The maj o r  struc tur e of the area is the Corva l l i s  fault  ( f igure 2 )  which trend s 
NS OE for about 3 5  miles from within the Coast  Range to north o f  Corvallis , s ign ifican t ly 
obl iqu e to the north-south trend of the Coa s t  Rang e .  Demon strabl e mo t ion on this fau l t  
is  up o n  the west  w i t h  at lea st 5 000 f eet of  ver t ical strat igraphic s eparat ion best 
e s t imat e  is  abou t 7 50 0  f ee t )  southeast  o f  Mary s P eak . The fault  is s teeply d ipp ing , 
but the ac tual att itude has nev er been det ermined . The f au l t  it s elf  is a zone of s t eep 
shear s up to 5 0 0  f eet wid e inc lud ing blocks of sand stone and ba salt . Blocks with 
overturned a t t itud es can be f ound within the z one . No ev id ence regard ing lat eral 
mov ement is  ava ilable . We c on s id er the fau l t  mo st  l ikely to be an eas t  d ip p ing norma l 
fault , p o s s ible with some c omponent o f  str ike s l ip mo t ion as soc iat ed with tectonic 
ro tat ion of the Coa st  Rang·e Block ( see below) . The f au l t  was probably f ir s t  ac t ive 
dur ing the lat e Eocene to  provide the sed iment sourc e for the Spenc er format ion and 
mu st have been r eac t iva ted af ter the Ol igoc ene intru s ive ep isod e as it may d i splac e 
some o f  thes e .  

Ea st of  the Corvall is  fault  near Mary s  P eak the Flournoy Format ion d ip s  toward the 
fau l t  along t he wes t l imb o f  an ant icline of abou t two miles wavelength (Vokes and 
other s ,  1 9 54 ) . This ant iciline l imb is rever sely or ien t ed for  a drag f eatur e and is 
probably young er than t he f aul t . However , st eep d ip s  are only found near the fault 
and the f o ld train d ies out rap id ly to the ea s t . Po s s ibly the damped fold train formed 
under c ompr e s s ion f rom the stronger , poor ly layered block of S iletz  River vo l canic s are 
exposed to  n ear the top o f  Mary s  P eak . Dip s rang e f r om 1 2° to 3 9° ( inc lud ing pr imary 
d ip s  of f l ows) . Generally d ip s  are steep er near the Corvallis fau l t  and decrea s e  to  
the northwest  becom ing almo st ho r iz ontal at Marys P eak . At  Mary s  P eak the N30E
trend ing King s Va lley fault is cro s s ed .  Thi s  is a s t eeply wes t -d ipp ing normal fault  
with 7 00+1 00 f eet o f  vert ical s eparat ion at Mary s  P eak. It  dies out to the south-wes t  
and inc r ea s e s  i n  d isplacement to the northea s t . Mo t ion o n  the faul t po st-dates 
emp lac ement o f  the Mary s  P eak s t ill 2 9 . 9 m . y .  ago . West o f  the King s Val l ey fau l t  the 
Flournoy Format ion covers the main bulk of  the Coast  Rang e .  Fo ld s ar e gent l e  with d ip s  
greater t han 1 5° uncommon . Thu s t h e  structure is  primar ily a nor thwest t il t ed blo c k  
w e s t  o f  t h e  Corvallis  f ault . 

Paleomagnet ic studies ind ica t e  very sub stant ial tectonic rotat ion of the Oregon 
Coast Range between 20 and 50 m . y .  ago . S imp son and Cox ( 1 97 7 )  have determined a 
c lockwis e  rotat ion o f  6 5  to 7 50+1 2 ° for var ious f lows of the S il e t z  River vo lcanic s and 
o f  64°+1 6° for the Flournoy Format ion . Clark ( 1 9 6 9 )  det ermined a clockwis e rotat ion o f  
28°+1 2� f o r  t h e  Marys  P eak sill . Thes e  rotat ions probably exp lain the obl iqu e  struc
tural grain of the Co ast  Rang e .  The northwest tr end of  the Corvallis  and King s Valley 
faul t s  refl e c t s  clockwis e  rota t ion of thes e  f eatures s inc e they were formed . The 2 0° 
d if f erenc e in g eneral trend r ef lect s the grea t er age of t eh Corvallis  fau l t  and there
fore its grea t er rotat ion . S tud ies of j o int and fault patterns r ecorded a s  l ineaments  
on U-2 high f l ight f a l s e-color inf rared pho tography and SLAR imag ery ( f igures 2 and 3 )  
r eveal maj or N E  and NW set s o f  f eatur es . Thu s  study o f  these struc tural f eatures 
o f f er s  an add it ional means of invest igat ing the history o f  tectonic rotation of  this 
area . The current north- south trend ing mountain range is  a young , post-Mioc ene f eature 
d eveloped acr o s s  an o ld er s truc tural grain . 

Dehl inger and o ther s ( 1 9 68 )  presented a geophy s ical cros s-sec t ion through the 
Oregon Coast  Ranges that passes  through Marys  P eak.  This s ec t ion shows a d ens ity and 
veloc ity invers ion under much o f  the Co ast Range that sugges t s  that the S iletz River 
volcanics  are und erla in by lower d en s ity  sediment s .  Thu s it is po s s ible that the 
ent ire exp o s ed s ec t ion i s  an allochthonou s sheet of  o c ean ic cru st thru s t  on some 
s ed imentary mat er ial (melange ? )  probably at the t i em of  emp lacement of the S iletz  
River Vo lcan i c s  and p erhap s also dur ing the rotat ion . Thu s the rotat ed block may 
not  be v ery thick . 
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Figure 2 .  Side-looking airborne radar image o f  the Corvallis-Marys Peak area, Oregon. 

Compare to figure 3 .  
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Fi gure 3 .  S ke t ch map o f  geo l o gy and s t r u c t u r e  o f  the area shown on SLAR in f i gure 2 . S truc tu

ral interp r e t a t ion i s  tha t of the autho r s  and shows the C o rva l l i s  f au l t  d i s p l a c e d  by 
younger s t ruc tur e s . I n s e t  r e c tangle shows the l o c a t ion o f  t h e  d e t a i l e d  map of the 
field t r i p  r o u t e  ( s e e  f i gure 4 ) . 



ROAD LOG 

Fo llow road log on f igure 4 .  

Mileage To beg in drive wes t  from Corvallis  on highways 2 0  and 3 4  comb ined , 
through Philoma t h ,  to the int er s ect ion where the two highway s  s eparate . 
About 6 miles . 
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9 . 1 

9 . 7  

1 0 . 8  
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1 1 . 8 
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7 . 6  

1 . 0  

0 . 4  

0 . 1 

0 . 6 

1 . 1  

0 . 5  

TURN left  on highway 34  at the j unct ion of highways 20  and 3 4 . 

S TOP 1 .  Flournoy sand s t one outcrop immed iat ely eas t  of the Corva l l i s  
f ault . Not e  s t e ep d ip s  toward t h e  faul t . Mo s t  o f  t h e  ou tcrop is a f ine
grained , mic eac eou s ,  arko s ic sand s t one . Bed grade upwards into s i l t s t ones . 
Grad ing best d ist ingu ished by looking for the sharp breaks at the bo t t oms 
o f  b ed s . Part ing l inea t ion is  v i s ibl e . 

S TOP 2 .  Flournoy sand s t one within the Corvallis  fa�lt  zon e .  Fault  
z one is  about 5 0 0  f eet wid e here . Blocks o f  Flournoy sand stone are 
var iou sly or ient ed , inc lud ing over turned , in this area . 

Land s l id e  in d eep ly weat hered pyrocla s t ic rocks o f  the S iletz  River 
volcanic s .  

TURN RIGHT on Marys Peak road . Alt ered S iletz  River vo lcanics  in this 
area . 

Thick rego l ith o f  alt ered pyroclast ics  o f  the S il e t z  River vo lcan ic s .  
Much o f  the rock t exture and s everal minor fau l t s  can be d is t ingu ished 
on c lo s e  inspect ion of  the outc rop . S imilar ma t er ial is expo s ed for 
about '> mil e .  

P illow basal t s  o f  the S iletz River Vol canic s .  Grea t er res istanc e to 
weather ing resul t s  in a thin rego lith ov er these rocks . 

S TOP 3 .  A relat ively fresh ou tcrop of S il e t z  River Vo lcanics  showing 
the contac t between pyroclastics  on the east and a columnar j o inted 
f low on the west . Relat ively st eep northwest dip . A small low ang le 
f ault cuts  the outcrop . Much zeolite  and calc ite  secondary mineral i-

0 . 5  zat ion i s  present f i l l ing vo id s and int erst i t ial spaces in the rocks . 

1 . 2  

STOP 4 .  Weather permit t ing this ov erlook al lows a view southwes t along 
the Corva l l i s  f ault  and ea s t  ac r o s s  the Willamette Valley . Southeast 
acro s s  the Corva l l i s  f ault  Flat Moutain and Green Peak are supported 
by s ill s imilar to that on Marys Peak . Mas s ive , j o int ed flows of S iletz 
River ba salt in outcrop ac r o s s  road . 
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1 3 . 0  

1 4 . 6  

1 5 . 5  

1 6 . 0  

1 6 . 1 

1 7 . 6  

1 7 . 7  

1 8 . 0  

1 8 . 6  

1 8 . 8  

1 8 . 9  

1 9 . 0  

2 0 . 0 

2 0 . 8  

1 . 6  

0 . 9  

0 . 5  

0 . 1  

1 . 5  

0 . 1  

0 . 3  

0 . 6  

0 . 2  

0 . 1  

0 . 1 

S TOP 5 .  Exc ellent outcrop o f  S iletz River p il low ba salts  pas s ing upward 
into mas s ive ba salt . This is  topped by a thin bed o f  ba sal t ic gla s s  
tuff  over which ther e is  ano ther p illow ba salt unit . S everal small fau l t s  
ar e presen t . The p illows a r e  well preserv ed ( some a s  larg e  as 3 feet 
ac ro s s ) . Mo st are surround ed by a glas sy r ind and show a well d eveloped 
rad ial j o int . Calc ite and z eo l ites  occur between pil lows . The ba salt is  
c ompo s ed o f  labrador ite , au g it e ,  t itaniferous magne t it e ,  and gla s s  is 
c ommonly int en s ely later ed . 

TURN RI GHT on road to Harlan . 

S TOP 6 .  Kings Val l ey s il t stone outcrop . Ma inly ba salt ic s i l t s tone with 
some c oar se gra ined sand stone beds . White bed s  are a ir fall ash layer s . 
Ear ly Eocene pelecypod s and gastropo d s  wer e collec t ed by Baldwin ( 1 9 5 5 )  
j ust  uphill . 
Cr o s s  King s Valley fault . 

TURN AROUND at Parker Creek . Outcrop of Flournoy sand stone abou t 1 50 
f eet below the ba s e  of the Marys P eak s ill . Here we are west of the 
King s Valley fau l t  in the down dropp ed blo c k .  From turn r eturn to 
Marys Peak road . 

TURN LEFT bac k  onto the Mary s  Peak road . 

S id e  road (mud ) lead s left  from her e to an overlook of the Wil lamet t e  
Val ley that can somet imes be u s ed i f  the top o f  Mary s  Peak is  i n  the 
cloud s . S ee d iscu s s ion at 2 1 . 7  miles . 

Large  land s l ide o f  Flournoy sand stone and Mary s P eak s ill blocks s l id ing 
over the Kings Valley s il t stone . 

S TOP 7 .  Good fresh exposures of Flournoy Format ion on the eas t  s id e  o f  
the Kings  Valley f au l t . The unit is a blu ish gray , rhythically bedd ed 
micaceous and ar ko s ic sand s t one and sandy s il t s tone . Mo st  bed s  are 
graded and s ed imentary structures ind icat ing turb id ite d ep o s it ion inc lud e 
bo t tom mar ks ,  intraformat ional mud chip cong lomera tes , and other s .  
P lant fragmen t s  are abundant .  A f ew large concr et ions are present . 

Base  o f  Mary s  Peak s ill is poorly expo s ed here . 

Approximate  locat ion of Kings  Valley fau l t . 

S TOP 8 .  Midd l e  of Mary s  Peak s il l  ( f igur e 5 )  at Parker Creek wat erfall . 
The rock i s  a dark gray , coar s e- / to med ium-gra ined granophyric gabbro 
( Rober t s , 1 9 53 ) . Mineralogy is labrador it e ,  t itanif erou s aug it e ,  o l iv ine , 
t itanomaghe t it e ,  apat ite , and quart z  or microp egma t i t e . Olivine occur s 
r immed by pyroxene or magne t i t e  which preven t ed further r eac t ion with the 
lat e f lu id res iduum f rom which the quar t z  and microp egma t i t e  cryst allized . 
Pyroxene forms about 2 5  to 3 0  p erc ent o f  the rock here and increase to 
3 0  to  3 5% toward the ba s e .  Olivine , t itanomagne t i t e , and anor thite 
cont ent  o f  p la g io c la s e  also increase toward the bas e .  The rock 

1 . 0  tran s it iona lly into a granophyr ic d io r i t e  upward s .  

0 . 8  

0 . 6  

S TOP 9 .  Over look t o  the wes t  acro s s  the Coa st  Rang e .  On a c l ear day 
the bridge acro s s  the Yaqu ina es tuary can be seen .  By walking up the 
d irt road to the ea s t  of the parking lot it is pos sible to s ee some 
of the d i f f er entiated upper part of the sill  and intrud ing lat e  s tage 
ap lite d ikes . These must be dug out o f  the bank above the road . 

Flournoy Forma tion contac t metamorpho s ed to ep ido t e-amphibo l i t e  hornf els . 
Much small scale fault ing . 
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F i gu r e  4 .  

T s r  

Geo l o g i c  map and c r o s s  s e c t ion o f  the field t r ip a r e a . Uni t s  a r e : 
( sma l l  c ir c l e  p a t t er n ) , Tf = Flournoy Fo rma t ion ( d o t  p a t t er n ) , Tkv 
s i l t s t one (no p a t t e r n ) , T s r  = S i l e t z  River V o l c a n i c s  ( no p a t t er n ) , 
s ions ( l ined p a t t er n ) , and f a u l t  zone = ( s qu i g g l e  p a t t e r n ) . F i e l d  
by c i r c l e d  numb e r s . 

0 
� � 

Q l s  = Land s l i d e s  
= K i n g s  Va l l ey 
Ti = ma f i c  intru
t r i p  s to p s  l o c a t e d  



Increase of ol iv ine, 
m agnetite 1 augite, ond 

ca l c i c  p l a g ioclase. 

F l o u r n o y  
fo r m at ion  . 

. 

. 
A p l i t i c  

Chi l l e d  

G r o no p h y r i c  

� 

� 
Pegmatitic G r a nophyr i c  

m � 

F i gure 5 .  Marys P e ak s i l l  s e c t ion a f t e r  Rob e r t s  ( 1 9 5 3 )  showing the p a t t e rn o f  
d e f o rma t ion . Numb e r s  ind i c a t e  t h e  approx ima t e  p o s i t ions o f  the 
f i e l d  trip s t op s . 
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2 1 . 4 
0 . 3 

2 1 . 7  

Cro s s  the Kings Valley fault again . 

S TOP 1 0 .  Res t  ar ea near top of Mary s  Peak . A short wa lk will take you 
to the top of the peak for a spectacu lar view (weather p ermit t ing ) .  
To the eas t  you look acro s s  the Wil lame t t e  Val l ey stru c tural depr es s ion 
t o  the Cascade Range with its volcano es . In the for eground is the trace 
o f the Corvallis  fau l t  east o f  the r idge (Vinyard Mountain)  that trend s 
northea s t  on the west s id e  o f  Corval l i s  and Philomath . The King s Valley 
f ault  ext end s northea s t  through Kings  Valley i t s el f . Vinyard Mountain 
i s  a hor s t  o f  S iletz River Volcanic s .  To the southea s t  prominent p eaks 
inc lud e Flat Mountain and Green Peak supported by s il l s . The Corvallis  
fault  cont inues  southwes t in the hills j us t  wes t  o f  the North Fork of  the 
Al sea River and Crooked Creek . To the wes t  you look acr o s s  the Coast  
Rang e  to the Pac if ic Ocean . 

End o f  f ield trip . Return to Corvallis . 
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GUIDE TO THE GEOLOGY OF THE U P P E R  C LACKAMAS AND NORTH SANTIAM RIVERS AREA , 
NORTHERN OREGON CAS CADE RANGE 

P . E .  Hammo n d ,  J . L .  Anderson , a n d  K . J .  Mann i ng 

I NTRODUCT I ON 

T h i s report i s  a g u i de to the geo l ogy of  the upper  C l a c kamas and  North Santi am Ri vers 
i n  the northwe s tern Oregon Ca sca de Range . The a rea covered by th i s  g u i de  l i e s  w i th i n s i x  
15-mi n u te USGS topograp h i c q uadra n g l es : Battl e Ax , B re i ten bu s h  Hot  Spr i n g s , F i s h  Creek  
Mtn . , H i gh Roc k ,  Mt . J e ffe rs o n , and  De tro i t .  Current  road  maps a re a va i l ab l e th ro ugh the  
U . S .  Fo re s t  Servi ce  fo r the  C l a c kamas Ri ver a rea i n  the Mt . Hood Nat i o n a l  Fo res t  a nd  fo r 
the No rth Sant i am Ri ver a rea i n  the W i l l amette Nat i o n a l  Fo res t .  I nfo rma t i o n  on acces s i 
b i l i ty can  be acq u i red a t  E s ta cada Ranger  S tat i on  i n  E s tacada  and  Ri ppl ebrook Ranger S ta 
ti o n , 26 m i  s o u thea s t  o f  E s tacada , for t h e  C l a c kamas R i ver and  a t  t h e  Detro i t Ranger S ta 
t i o n , 1 . 4 m i  wes t o f  Detro i t ,  for the No rth Sant i am Ri ve r .  

T h i s g u i de has  been a s s embl ed i n  a forma t wh i c h enab l es  the trave l er to vi s i t  parts 
of  the a rea  a s  sepa rate tri ps  accord i ng to wea ther  cond i ti ons  a n d  a va i l a b l e ti me . I n  
to ta l there a re 54 s tops : n umbers 1 - 2 5  i n  the North S a n ti am a rea , a nd  26 - 54 i n  the upper 
C l ac kama s a rea . At  l ea s t  two fu l l days  a re neces s a ry to comp l ete the tou r .  

P hys i og raphy 

The a rea covers about  2600 s q  km ( 1000 sq mi ) .  E l evati on  ranges  from 2 1 3 m ( 700 ft )  
to  1 7 59 m ( 5 7 7 1  ft ) , ma k i ng  the  rel i ef s teep l oca l l y .  The a rea i s  dens e l y  fores ted u p  to 
a n  e l eva ti o n  of abou t 1370  m ( 4500 ft ) . Exten s i ve l ogg i ng has  prov i ded a network of  
seconda ry roads , many of  wh i c h are paved . 

D ra i nage  patterns d i s p l ayed by the C l a c kamas a n d  North Sant i am R i vers  a re typ i ca l  
a nd  a typ i ca l  for maj o r  s treams dra i n i ng  the wes tern fl a n k  of  t h e  Oregon Cascade Ra nge . 
The  wes twa rd fl ow of  the North San ti am Ri ver i s  typ i ca l  o f  mos t  Cascade  s treams . However , 
a northwa rd d i rect i o n  i s  exh i b i ted by headwa ters  of the No rth Sant i am a n d  C l a c kama s 
Ri vers , a nd  the  l ower port i o n  o f  the  C l a c kama s Ri ve r h a s  a no rthwe s tward co u rs e .  The a typ i 
ca l  dra i nage pa tterns  are  i nfl uenced pr imar i l y  by we l l - devel oped northwe s tward and  nortn
s o u th fau l t sys tems . 

Access  

The  ma i n  acces s i n to the  North Sant i am a rea i s  a l ong  S ta te H i g hway 22 ,  whi c h  exi ts 
I n ters tate H i qhway I - 5  s outh of Sa l em ( F i q .  1 ) . S tops  1 - 3 .  20 - 25 a re on  S ta te H i g hway 22 
between Detro i t  Res e rvo i r  and Ma ri on  Forks  ( Fi g .  2) . The rema i n i ng s tops  a re a l ong  U . S .  
Fo res t Serv i ce H i ghway 46 a nd  s econdary roads . 

Ma i n  acces s i n to the C l ac kama s Ri ver area i s  th rough  Es tacada , wh i c h  can  be reached  
v i a S ta te H i g hway 211  from Sa l em o r  v ia  S ta te H i g hway 224 from the  Portl and  a rea  ( F i g .  1 ) . 
S tops 26- 35 are a l ong  U . S .  Fore s t  Servi ce H i ghway 46 between E s tacada and  the Ri ppl ebroo k 
Ra nger S ta t i o n  ( F i g .  3 ) . The  rema i n i ng s tops  a re sca ttered i n  the upper part of the 
dra i nage  a l ong  maj o r  and s econda ry roa d s . 

Expo s u re 

The bedrock  geol ogy i s  exposed  c h i ef ly  i n  roadcuts , s tream beds , and  ri dge c res ts . 
Perva s i ve fa u l ti ng  o f  th i c k  s trati graph i c  secti o n s  o f  tuffs , brecc i a s , l a vas , and  vol can-
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i ca l l y  deri ved sed i ments has  contri b u ted to l ands l i d i ng that  encompas s es up  to a bou t 
25  percen t  of  the a rea . Th i s  p a rt of the Cascade Range i s  exceed i n g l y  d i ff i c u l t to syn 
thes i ze geol og i ca l l y  beca u s e  of  the exte n s i ve s urfi c i a l  cover of l a nds l i de debri s and  
ti l l ,  the  comp l ex  vo l ca n i c  s tra ti gra p hy , a nd  the extens i ve fau l ti n g . F i ve years have been 
s pent  i n  fi e l d i nves ti gat i o n s . S tud i es of  the pe trography , geoc hemi s try , and correl a t i o n  
o f  the vo l ca n i c  u n i ts , o ther  than the fl ows o f  t h e  Co l umb i a  R i ver Ba sa l t Group , are j u s t  
begi n n i ng . Accordi n g l y  th i s  gu i de i s  p re l i mi nary .  

Ac knowl edgments 

Anderson  i s  pr imar i l y  res pons i b l e  for the s tra ti g raphy and  s truc tures i n  the Co l umb i a  
R i ver Ba sa l t Group . Man n i n g  contri b u ted a maj or  part to the s truc tura l geol ogy of the 
C l a c kama s - Co l l awa s h  R i ver dra i nage . Hammond  i s  respon s i b l e for the s tructural  i n terpre 
ta ti o n  of  the North S a n ti am R i ver a rea a nd  the reg i ona l  s trati gra p hy .  W e  h a v e  a l so drawn 
on the i nforma ti on ga thered i n  unpub l i s he d  reports and theses  by C l ayton ( 1976 ) , Dyh rman 
( 1 9 7 5 ) , J a c kson  ( 1980 ) , O l son  ( 1 978 ) , P u ngra s s ami ( 1969 ) , Po rtwood ( 1 9 79 ) , Rol l i ns ( 1976 ) , 
a nd  S u tton ( 1 9 74 ) . R . L .  Arms tro n g  a n d  Joe  Haraka l  of  the U n i vers i ty of  Br i ti s h  Co l umb i a  
a n d  the Mob i l Re search a n d  Devel opmen t  Corpora ti o n  prov i ded  the K-Ar a g e  dates s ummar i zed 
i n  Tab l e 3. We a re gra tefu l l y  i ndebted to R . W .  McKay , cartographer , and to Pa u l a Gree r ,  
typi s t ,  both of  Portl a n d  S ta te Un i vers i ty ,  for work i ng  under a n  extreme l y  ti g h t  s chedu l e .  

F i g ure 1 .  I n dex map s how i ng h i ghway routes 
i nto the uppe r Cl ac kama s - No rth Sant i am Ri vers 
area ( o utl i ned ) . 

F i g ure 2 .  Ro ute ma p o f  North San t i am Ri ver a rea  
wi th i n  W i l l amette Nat i ona l  Fo res t ,  s howi ng  

road  n umbers a n d  s tops 1 
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F i g ure 3 .  Ro ute map of upper  Cl a ckamas Ri ver a rea w i th i n  Mt . 
Hood  Nat i ona l  Fo res t ,  s h owi ng  road  n umbers and  stops  3 1  
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GENERAL GEOLOGY 

The upper Cl ackama s and No rth Sant i am Ri vers a rea i s  under l a i n  by over 8000 m of 
vo l can i c  s trata . The o l der s trata , ra ng i ng i n  a ge from about 30 Ma to 5 Ma , a re i rregu
l a r ly  wa rped but  d i p genera l l y  homoc l i na l l y  eas twa rd . They a re i n truded by  many d i kes , 
s i l l s , a n d  smal l p l utons , ra ng i ng from bas a l t to granodi o ri te , a nd  have  been a l tered hy
drotherma l l y .  The younger  l a va s form a p l atea u capp i n g the  range a n d  s upport i n g  Mo unt  
J e fferson  s tratovo l cano . The  s trata h a ve been  cut  by  sets  of  s tri ke- s l i p  no rthwest
tren di ng  a nd  normal north - tren d i ng  fa u l ts . The a rea ha s  been  u p l i fted pos s i b l y  5 0 0  m 
dur i ng  the l a te Cenozo i c a n d  dee p l y  d i s s ected by s t ream and  g l ac i a l  eros i o n .  

S trati g ra p hy 

The geol og i c  un i ts a re s epara ted s trati g ra ph i ca l l y  i n to a n  o l der  Weste rn Cascade 
Group a nd  younger  H i gh Cascade  Group  ( Peck  and  o thers , 1964 ; Wa l ker a nd  o thers , 1966 ; 
Hammo nd , 1979 ; Tab l e 1 ) . The  Western Cascade Group under l i es the wes tern s l ope  of  the 
ra nge , cons i s ts c h i efl y o f  dark-co l o red andes i ti c  l a va fl ows a nd  l i ght-co l o red pyroc l a s ti c 
fl ow a n d  vol can i c l a s ti c  depos i ts ,  a n d  i s  over 6825 m th i c k .  The  g roup  h a s  been s tructur
a l l y  defo rmed , i n tri ca te l y  i ntruded by p l u tons  o f  d i verse  compos i t i o n ,  a nd a l tered hydro
therma l l y .  The  H i g h  Cascade Group  forms a p l a tea u across the c res t of  the range , l arge l y  
covers t h e  ea s tern  s l ope , a n d  cons i s ts p redomi nant l y of  gray basa l t a nd basa l ti c  a ndes i te 
l a va fl ows a nd mi no r andes i ti c  a nd  dac i t i c  H i gh Cas cade s tratocones . Maxi mum th i ckness  of  
t he  H i gh Cascade Group i s  a bout  1 1 50 m .  The  conta c t  between t he  groups  i s  p l aced a t  the 
l owes t s trati gra ph i c  occurrence o f  the g ray ba sa l ti c  l ava f l ows . I n  mos t occ urrences 
th i s  con ta c t  i s  unconfo rma b l e .  

Wes tern Cascade G roup 

The Wes tern Cascade G ro u p  i s  s u bd i v i ded  i n to a l ower , mi dd l e ,  and  upper  part  ( Tab l e 
1 ) . The  B re i tenbus h Forma ti on ,  wh i ch l i e s  a t  the base  of  the mi ddl e part , i s  the mos t  
d i a gnos ti c u n i t o f  the Wes tern  Cascade Group . A l l s trata u n der l y i ng the Brei tenb u s h  a re 
a s s i gned to the l ower pa rt , the " Sard i ne " Forma ti on .  The  mi dd l e  part  cons i s ts of  the 
B re i tenbus h Forma t i o n ,  Nohorn Andes i te ,  and beds of  B u l l C ree k ,  i n  a s cend i ng  order . The 
Col umb i a  R i ver Basa l t G roup , deri ved from s o u rces we l l beyond  the Cascade  vo l can i c  
pro v i nce , sepa ra tes the mi dd l e and  upper pa rts i n  the C l a c kamas Ri ver  a rea . However , the 
basa l t l a va fl ows a re i n ters trat i fi ed wi th the beds of B u l l Creek and the Rhododendron 
Forma ti on . The  uppe r part of  the Wes tern  Ca s cade Group  cons i s ts of the Rhododendron  
Forma ti on  i n  the  C l a c kamas Ri ver a rea and  of  the  Outerson  B a s a l t i n  the North  Santi am 
R i ver  a rea . W here a pp l i ca b l e ,  the geol og i c  u n i ts of  Thayer ( 1 9 36 , 1 937 , 1939 ) h a ve been 
adopted i n  preference to the l a rge l i tho l og i c u n i ts of Pec k and o thers  ( 1964 ) . 

Mos t forma ti ona l  u n i ts of  the Wes tern Cas cade Group  c a n  be recogn i zed by thei r 
l i tho l og i es . However , beca use  of  commo n l y  i n terfi ngeri ng  rel a ti on s h i ps  a n d  extens i ve 
fau l ti ng  throughout  the area , s ome co n tacts are approx i mate , a nd th i c knesses  of the un i ts 
a re e s t i ma ted . 

Lower part  o f  Wes tern  Cas cade G roup : The  " S a rd i ne "  Forma ti o n  ( Ts ) represents the 
l ower part of  the Wes tern Cascade  Group in the a rea . I t  cons i s ts c h i ef ly  of  vo l ca n i c l a s 
ti c s a n d s tones  a n d  l i th i c - r i c h  mudfl ow depo s i ts a n d  i s  extens i ve l y  exposed a l ong  the 
B re i ten b u s h  and Nor th Sant i am R i vers ea s t  of  Detro i t Reservo i r  ( s tops  3 and 4) and i n  the 
Col l awas h  R i ver dra i nage of  the C l ac kamas Ri ver ( F i gs . 2 - 4 ) . To the wes t ,  the s tra ta 
conta i n an i ncrea s i ng proporti o n  of l a va fl ows . Because  these  s trata trend beneath 
Sard i ne Mou n ta i n  north of  De tro i t  Res e rvo i r ,  they a re con s i dered as  part  of the S a rd i ne  
Ser i es  of  T hayer ( 1 939 ) . Rad i ometri c age  dates  from the  upper  part  of  the  forma t i o n  i n
di ca te tha t the s trata a re 23 Ma a n d  o l der  ( Ta b l e 2 ) . 

M i dd l e pa rt  of  Wes tern Cascade  G roup : The  Brei ten b u s h  Formati o n  ( Tb ) con s i s ts 
c h i efl y of  p a l e - g reen to g ray dac i ti c  to rhyo l i t i c  tuff , represent i ng  pyroc l a s ti c fl ow 
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Tab l e 1 .  Ma i n  geol og i c u n i ts i n  uppe r Cl a c kama s - No rth 
Sant i am Ri vers a rea , no rth e rn Oregon Cas cade Range 

� unit 

Landslide 
deposits 

Max . exposed 
thickne s s ,  ft/m Description 

Qls 

Qi Volcanic depo s its 
o f  Mount 

Jefferson 

Qb Younger High 
Cascade basalt 

QTb Older High 
Cascade basalt 

100/30 

300/90 

1800/550 

2 000/610 

Quaternary Unsorted deposits o f  c l ay ,  to boulder size debr i s ,  incorpor
ating some glacial depo s it s ,  talus , col luvi um ,  and mo st bed
rack units;  some coherent masses over lOOm in length. Tem
porarily stable to active . 

HIGH CASCADE GROUP 

oc::: l Q O , OOO ( ? )  B . P .  Includes lava flows , avalanche and mudflow deposits o f  
< 69 0 , 000 B . P .  chiefly basaltic andesite and minor amounts o f  s i l i c i c  

ande site a n d  dacite . 

Wlconformi ty 

< 690 , 000 ( ? )  B . P .  Cons i st o f  shield forming and intracanyon lava flows and 
< l , OO O , OOO B . P .  tephra cone deposits o f  chiefly basalt and minor amounts 

o f  basaltic andesite . 

unconformity 

P l iocene to early S imilar to above but g enerally dipping eastward beneath 
Pleistocene younger basalt . Deeply dissected , commonly capping ridge s .  

Generally unconformable , conformable locally with Outerson Basalt 
Approximate thicknes s  o f  High Cascade Group 1 1 5 0  m 

QTi , Ti Quaternary and Pliocene-Quaternary ; Dike s ,  sill s ,  and plugs of basalt , pyroxene and/or hornLate Oligocene to blende ande site porphyry , dacite , pyroxene diorit e ,  and Tertiary intrusions 

Upper part : 
To outerson Basalt 

Tr Rhododendron 
Formation 

2 2 00/670 

3 000/915 

late Miocene quartz diorite , and larger plutons o f  medium-grained 
pyroxene and/or hornblende quartz diorite and granodiorite . 

WESTERN CASCADE GROUP 

Approximately Dark- colored o livine basalt lava flows , scori a ,  and inter-
middle Miocene to beds of basaltic volcaniclastic deposits . 
earliest Pliocene 

unconformity 

Approximately Chiefly gray to brown ol ivine and/o� py�oxene andesi�e par-
middle to possibly phyry lava f lows , scor i a ,  and brecc�a , 1.nterbedded l 1.ght-

. late Miocerie colored mud flow , salic pyroclastic flow, and tephra depo s 1. t s ,  
a n d  minor basaltic lava flows a n d  scoria . 

Partly contemporaneous with Outerson Basalt and Columbia River Basalt Group 
unconformable with older units 

Tcr Columbia River 1800/550 Early to middle Dark-colored aphyric to plagioclase phyric basalt lava f lows , 
Miocene pil low lava , hyaloc lastite beds , and thin interbeds of vol

caniclastic deposits 
Basalt Group 

Yakima Basalt Subgroup 
Wanapurn Basalt 

Grande Ronde Basalt 

Partly contemporaneous with the beds o f  Bull Creek and Rhododendron Formation . 
Unconformable with other uni t s .  

Middle part : 
Consists chiefly of varied-colored mudflow and coarse vo lcan
iclastic depo s i t s  and minor platy ande site and basalt lava 
flows . 

Tbc Beds of Bull 1200/ 3 7 5  Approximately 
late Oligocene 

to middle Miocene 

Tn 

creek (Eagle Creek 
Formation) 

Nohorn Ande site 

Partly contemporaneous in its upper part with Co lumbia River Basalt Group 
( Grande Ronde Basalt)  and in its lower part with Nohorn Ande site 

1000/300 Approximately 
late Oligo cene 

to middle Miocene 

chie fly brown , platy j o inted pyroxene andesite porphyry l ava 
f lows and bre c c i a ,  minor red s i l i c i c  lava flows , and thin 
interbeds o f  vol can i c l a s t i c  deposits . 

Partly contemporaneous with Breitenbush Formation 

Tb Breitenbush Formation 3000/915 Approximately Chiefly l ight-colo.red salic pyroclastic flow depo sits and 
late oligo cene minor inte rbedded volcaniclastic depo s i t s  and ande site lava Member s :  

Vitrophyric ande site 
l ava flow o f  Boulder and 

Hoove r Ridges 
Gray tuff of Boulder Ridge 
Green tuff of Cleator '3end 

Lower part : 

to middle Miocene flows of Nohorn Ande site . 

unconformity 

Ts " Sardine " :.=- 10 , 000/3000 Late Oligocene Well-strati fied brown to gray-green beds , cons i st ing chiefly 
Formation and older o f  volcaniclastic sandstone , mudflow deposits , l i thic and 

(Beds at Detroit)  vitric tu f f ,  and minor ande site and basalt lava flows . 
Approximate thi ckne s s  of Western Cascade Group : 6 8 7 5m Base of formation not expo s e d .  
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1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

19  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

26  

27  

28  

29  

30  

31 
3 2  

33 

34 

Tab l e 2 .  Ra d i ometri c age  dates o f  geol og i c  un i ts 
i n  upper  Cl a c kama s - N o rth Sant i am Ri ve rs a rea 

1 
Date , rn . y .  

0 . 2 5:!_0 . 03 

0 . 2 62:_0 . 02 

0 . 4 4±.0 . 19 

1 .  24+0.  53  
1.  41�0 . 60 

1. 88+0 . 50  1 . 2 7�0 . 4 1  
2 .  80�0. 18 

3 . 60�0 . 05 

4 . 2 02:_0 . 3 0 

4 . 55�0 . 0 7 

4 .  72±.0 . 1 9  

5 . 60.2:_0 . 10 

9 . 682:_0 . 1 8  

1 0 . 40.:_1 . 20  

10 .  962:_0 . 7 5  

1 1 . 02+0 . 3 5  

1 1 .  2 3_-t0 . 1 7  

1 1 .  50+0.  3 0  
1 1 .  90+0 . 3 0  

1 2 .  00+ 0 .  4 0  
1 2 .  50±.0 . 40 

1 2 . 2 0.:!::.0 . 60 
1 3 .  00+ 0 .  60 

1 2 .  30�0 .  2 0  
1 2 . 602:_0 . 2 0 

1 2 . 30.2:_0 . 80 
1 2 .  70.:2:_0 . 80 

13 . 10±.0 . 50  
1 3 . 10+0 . 60 

1 3 .  00+ 0 .  70  
13 .  JOIL GO 
l3 .  50+0 . 50  
1 6 .  502:_1 . 00 

1 4 . 502:_0 . 2 0  
1 5 . 40+ 1 . 00 

1 5 . 50±.0 . 2 0  

1 5 . 942:_0 . 2 1  

1 6 .  7 2.:':.0 . 2 0  

1 7 . 24+0 . 3 2  
1 7 . Ie±o . 2 o  

Geologic unit 

H I GH CASCADE GROUP 

Basaltic lava flow of Battle Ax 
Basaltic lava flow west of Outerson M':luntain 

Basaltic lava flow west o f  Outerson Mountain 

Basaltic lava flow of Battle Ax 

Basal tic lava flow o f  Battle Ax 

Basal tic lava flow east of Outer son Mountain 

Basaltic lava flow north o f  Outerson Mountain 

Tephra interbed at base of H i gh cascade basalt 

WESTERN CASCADE GROUP 

Outer son Basalt 

Outer son Basalt 

Outer son Basalt 

Diorite o f  Detroit ( H a l l  Ridg e )  p l uton 

Rhododendron Formation atop Boulder Ridge 

Rhododendron ( ? )  Fm o r  Nohorn Ande s i t e ( ? )  

near Battle Ax 
"Sardine" Formation ( intrusio n ? )  

outerson Basalt 

Near base of Rhododendron Formation 

Near base of Rhododendron Formation 

� 

QTb 

QTb 

QTb 

QTb 

QTb 

QTb 

QTb 

QTb 

To 

To 

To 

Ti 

Tr 

Tr or Tn 

Ts 

To 

Tr 

Tr 

Breitenbush Format ion : Gray t u f f  of Boulder Ridge member Tb 

T u f f  o f  Rhododendron Formation Tr 

Brei tenbush Formation : Gray t u f f  o f  Boulder Ridge member Tb 

Bre itenbush Format ion : Gray t u f f  o f  Boulder Ridge member Tb 

No horn Ande s i te 

Brei tenbush Format ion : vi trophyri c ande s i t e  flow o f  

Boulder Ridge member 

" S ardine ( ? ) " Formation atop Hal l Ridge 

Ande s i t e  dike intruding " Sardine ( ? ) " Formation of H a l l  

Ridge 

Ande s i te vent rock in " S ardine ( ? ) " Formation of Hall 

Ridge 

B r e i tenbush Fo :nnation : Vitrophy r i c  ande s i t e  flow of 

Boulder Ridge member S e e  no . 2 4  above 

Tn 

Tb 

Ts 

Ti 

Ti 

Tb 

l B ( f i s s ion track) B r e i tenbush Forma tion : Gray t u f f  of Boulder Ridge Tb 
member See no . 21  above 

1 9 .  742:_0 . 2 4  B r e itenbush Forma t io n : Green t u f f  o f  Cleator B e n d  member TD 

23 ( z i r co n :  t-'b-a lpha ) Hornblende diorite stock 8 mi above Detroit Dam 

2 3 . 2 0+0 . 80 
2 4 . 3 0�1 . 1 0 

2 4 .  2 2�0 . 2 7  

Upper part o f  " S ardine" Formation 

Upper part of " S ardin e "  Formation 

2 5+ 1 0  ( z i rcon : Ph- a lpha ) Granodiorite from stock along highway 2 2  
near Detroit Dam 

1
unless spec i f i e d , all da t e s  are K-Ar determined. 
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Ti 

Ts 

T s  

T i  

� 

sutter , 1 9 7 8 ,  no , 3 

Sutte r ,  1 9 7 8 ,  no . 5 

Sutte r ,  1 9 7 8 ,  no . 4 

sutter , 1 9 7 8 ,  no , 1 

Sutter , 1978 ,  no . 2 

sutte r ,  1 9 7 8 ,  1 3  

sutte r ,  1 9 7 8 ,  no . 7 

See Tab l e  3 ,  no . 1 

Sutt e r ,  1 9 7 8 ,  no . 9 

Sutt e r ,  1 9 7 8 ,  no . 8 

Sutte r ,  1978,  no . 6 

Sutter , 1 9 7 8 ,  5 3  

s e e  Table 3 ,  no . 2 

Sutte r ,  1 9 7 8 ,  1 7  

Sutter , 1 9 7 8 ,  2 4  

Sutter ,  1 9 7 8 ,  1 8  

S e e  Table 3 ,  no . 3 

see Table 3 ,  no . 4 

Laursen and Hanunond , 1 9 7 8  

S e e  Table 3 ,  no . 5 

Laursen and Hammo n d ,  1 9 7 8  

Laursen a n d  Hammond , 1 9 7 8  

Laur sen and Hammond , 1 9 7 8  

See Table 3 ,  no . 6 

Sutte r ,  1 9 7 8 ,  2 6  

sutter , 1 9 7 8 ,  2 5  

Sutter , 1 9 7 8 , 2 7  

S utter , 1 9 7 8 , no . 3 5  

S e e  Tab l e  3 ,  no . 7 

Sutte r ,  1 9 7 8 ,  no . 5 1  

Laursen and Hammond , 1 9 74 

See Table 3 ,  no . 8 

Sutter , 1 9 7 8 1  no . 5 2  

Laur sen a n d  Hammond , 1 9 7 8  



Tab l e 3 .  Data o n  new K-Ar and  fi s s i on- tra c k  radi ometri c dates 

1 .  R . L .  Armstrong ( written cornmun.- 1 9 7 9 ) . Sample no . P H  1 D .  Salic tephra interbed near base o f  High cascade Group . 
( 4 404 8 . 0 4 ' N 1  l 2 1°5 5 . 8l ' W ;  NWl:!NWl:iNW\ S l4 1 T9S , R7E ; 3600 ft elev . ; at end of Spur road 2 2 0 1  o f f  USFS road 4688 ( 5 9 8 1 ) ; 
east of Mink Cr; Breitenbush Hot Springs 1 5 '  quad . , Marion Co . ,  OR) . See stop B. Collector : P . E .  Hanunond, Analyzer : 
Joe Haraka l ,  Univ. of British Columbia . Analytical data : %K : i  = 0 . 325+0 . 005+1 . 5% { 2 ) 1 ; Ar*4 02;Total Ar4 0= 12 . l% ;  
Ar*40 ( 1 0-5cc STP/g ) = 5 . 3 88xl0- 3 ; ArX4D;K40= 2 . 4 3lxl0- 4 . Constant s :  a , b , c-:- (pl�gioclase) 4 , 2+o . 3m . y .  

2 .  R . L .  Armstrong {written commun . l979) . Sample no . P H  40A. Salic tephra bed o f  Rhododendron Formation interstratified 
with Outerson Basalt ( 44°44 . 9l ' N ,  1 2 2° 0 . 5 5 ' W ;  NEia:NE!a:SE!a:S 3 6 , T9S 1 R6E ; 4040 ft elev . , along USFS road 2 2 3 1 ;  ( 5 9 1 6 ) , atop 
Boulder Ridge , Detroit 15 ' quad . , Marion Co . ,  OR) . See stop· 1 1 .  Collector� P . E .  Hanunond. Ana1�zer : Joe Harakal , 
Univ. Br�tish Col�i a .  Analytical data : %K : X= 0 . 444� 0 . 008�1 . 8% ( 2 ) 1 ; Ar*4 0  /Total Ar40=6 , 5% ;  Ar "�� 0 ( lo-5cc STP/g ) = 
l . B39xl0 2 1 Ar*4 0;K 0= 6 . 0 7 5xlo-4 . constants :  a , b , c .  (plagioclase) 10 . 4±1 . 2m . y .  

3 .  M . C .  Parsons {written commun . 1 9 7 8 ) . Sample no . PEH - 7 7 - 6  (FRL#4 8 2 1 )  salic tephra b e d  near base o f  Rhododendron For
matio n .  ( 4 4°5 9 .  79 ' N ,  1 2 2° 8 . 87 ' W ;  NE�NE!a:NW!a;SlT7S , RSE ; 4 2 4 0  ft elev. along USFS road 53 ( S 5 3 )  east of Thunder Mtn . 
Battle Ax 1 5 '  quad . , Clackamas Co . ,  OR) . Collecto r :  P . E .  Hammond, Analyzer : R . E . Denison , Mobil Research and 
Development Corporation . (plagioclase) l l . s+o . 3m . y . ; (plagiocla se} ll . 9+0 . 3m . y .  

4 .  M . C .  Parsons {written commun. 1 9 7 8 ) . Sample no . PEH- 77-7 ( F RL  # 4 8 2 2 ) . Welded pyroclastic flow deposit near base o f  
Rhododendron Format ion . { 44°53 . 3 5 ' N ,  122013 . 2 0 ' W ; SE"tSW!a:SE!a;S B , T BS , R5 E ;  3 6 0 0  ft elev . along USFS road 7 3 0  ( 5 7 4 1 )  
near head o f  Hugh Cr . ,  Battle Ax 15 ' quad , , Clackamas co . , OR) . Collecto r :  P . E .  Hammond . Analyzer : R . E . Denison , 
Mobil Re search and Development Corporation . (plagioclase) 12.  o!o. 4m. y ,  i (plagioclase)  12,  S±.o . 4m . y .  

5 .  M . C .  Parsons (written commun . 1978) . Sample no . PEH- 7 7 - 1 0  (FRL #482 5 ) . Pyroclastic flow deposit of Rhododendron 
Formation. ( 44 ' 4 8 . 3 5 ' N 1  1 2 1°56 , 3 2 ' W ;  NW\NW!a:SW"tSl O , T9S , R7 E ;  4100 ft elev. along USFS road 4688 ( 5 9 8 1 ) ; south of 
Collawash Mtn . , Breitenbush Hot Springs 1 5 '  quad . , Marion Co . , OR) . Collecto r :  P . E .  Hanunond. Analyzer : R , E ,  Denison , 
Mobil Research and Development Corporation . (plagioclase)  l 2 . 3.±0 . 2m. y . ; (plagioclase) 12 . 6:!:.o . 2m . y. 

6. M . C .  Parsons (written conunun . 1 9 7 8 ) . Sample no . PEH- 7 7- 9 ( FRL #4824 ) . Vitrophyric andesite lava flow member o f  
Breitenbush Formation , ( 44045 . 05 ' N ,  1 2 2°l . l8 ' Wj SE!a;NE!a:NW\S 3 6 , T9S , R6E ; 3 9 2 0  ft elev. along USFS road 2 2 3 1  ( S 9 1 6 ) , 
north slope of Boulder Ridge , Detroit 1 5 '  quad . , Marion Co . , OR) . See stop 1 2 .  Collector : P . E .  Hammond. 
Analyzer : R . E . Denison , Mobil Research and Development Corporation . {whole rock) 14 . 5�0 . 2rn . y . i 
(whole rock) 14 . 7±.0 . 2m. y . ; (plagioclase) l4 . 8.±.Q , 9m . y . ; (plagioclase) l 5 . 4±l . Orn . y .  

7 .  J . A .  Vance (personal conunun. 1 9 7 9 ) . Pyroclastic flow depo s i t ,  gray tuff o f  Boulder Ridge Member o f  Breitenbush For
mation . ( 4 4°4 l . 46 ' N ,  1 2 1 ° 5 9 .  7 6 ' W ;  SWi:tSW�NE\S l 9 , Tl0S , R7 E ;  2060 ft elev. along highway 2 2 ,  5 . 0  mi east o f  Idanha , Mt . 
Jef ferson 1 5 '  quad . , Marion Co . ,  OR) . See stop 2 2 .  Collector : P . E .  Hammond. Analyzer:  J . A .  Vanc e ,  Univ. washington . 
Note : Sample site is part of same roadcut riported in Laursen and Hammond ( 19 7 8 ) ; ( z ircon , fission-track) � 

8. M . C .  Parsons (written conunun . 1 9 7 8 ) . Sample no . PEH- 7 7 - 8  (FRL #482 3 } . Pyroclastic flow deposit in upper part o f  
" S ardine " Formation. ( 4 4°4 6 . 8B ' N ,  1 2 2° l . Ol ' W ;  NWlaSWl:tNE!a:S 24 , T9SR6E ; 2 1 2 0  ft e l e v .  along USFS highway 46 7 . 7  mi e a s t  o f  
Detroit , Breitenbush Hot Springs 1 5 '  quad . , Marion co . ,  OR) , See stop 4 .  Collecto r :  P . E .  Hammond. Analyzer : 
R . E .  Denison , Mobil Research and Development Corporation . (plagioclase) 23.  2"'*"0 . Bm. y, i (plagioclase) 24. 3� . 1� 

Footnote s :  Constants :  " £=0 . 5 85xl0- 10yr - 1 

Number in parenthe s i s  refers to number of K analyse s .  

Ar*40 refers t o  radiogenic Ar 4 0  

b " s=4 . 72xlo- 10yr- l  

K4 0  /K=l . l9xl0-4 

Tab l e 4 .  Hot s pri ngs  i n  upper  C l a ckama s - North Sant i am Ri ve rs a rea 

�
1 Name Location 2 Elevation 

A 

BB 

Austin SE!a:NWl:; 1670/509 
( Carey) 30-6S-7E 

Fish Cr. Mtn . 
15-min. SE 

Stop 4 9 .  

Bagby E':!NW'4 2 2 7 0/ 7 0 7  
26- 7S-5E 
Battle Ax 

15-mi n .  NW .  

Breitenbush NEla 2 2 00/6 7 1  
20-9S-7E 

Brei tenbush 
Hot Springs 
15-mi n .  SW , 

Stop 6 .  

2 

3 

Map symbol ( F i g .  4 )  Sec . , Twp . ,  Rge , 

T°C 

86- 9 1  

5 8  

92 

Volume4 

950-1170 

100 

3400 

Host Rock 

Interstratified 
lava flows , tuffs , 

and volcaniclastic 
rocks o f  the 

Nohorn Ande site 

Lava flows o f  
the Nohorn 

Andesite 

Tuff o f  
Bre itenbush 

Frn and basalt 
dikes of 

probable Outerson 
Basalt . 

ft/m 
4liters/mi n .  

143 

l>1a.jor NW
trending 

fault zone 

I s sues from 
several 

orifices 
along a l O O-m 

stretch o f  
Clackamas River 

Intersection I s sues 
o f  N- _ and from 

NW-trending several 
fault zones small 

orifices on 
east bench 

above Hot 
Springs Creek 

Within a zone I ssues 
o f  several from about 
NW- and N- 4 0  spring s  

trending faults along 
and basalt a 4 00-m 

dike s .  stretch o f  
the Breitenbush 

Rive r .  

Mariner and 
others ( 19 7 4 ) ; 

Bowen and 
othe r s  ( 19 7 8 ) . 

Bowen and 
others ( 1 9 7 8) . 

Mariner and 
others ( 1 9 74 ) ; 

Bowen and 
others ( 19 7 8 ) . 



depos i ts .  They range  i n  th i c kness  from 30 to 1 3 5  m and  a re separa ted by fl u v i a l  vo l ca n 
i c l a s ti c  beds . T h e  tuff con ta i n s  abundant  l i th i c  a nd  p um i c e  fragments  and  vari a b l e 
amo u nts o f  q ua rtz , p l a g i oc l a se , a nd  pyroxene . Mos t  tuffs a re extens i ve l y  a l tered a nd  
l oca l l y  col ored red to  p urp l e .  At  l ea s t  three members can  be de l i nea ted i n  t he  Brei ten
bu s h  a rea : a l ower ,  pa l e - green C l eater Bend  member ( s tops  5 ,  2 0 ) ; a mi ddl e ,  gray 
Bo u l der R i dge member  wi th b l a c k  pumi ce ( s tops  16 , 2 2 ) , d i s ti n g u i shed  l oca l l y  by eroded 
p i l l a rs ( s to p  1 3 ) ; and the uppe r ,  v i trophyri c andes i te l ava fl ow member , 95  m th i c k ,  
a top Bou l der and  Hoover Ri dges ( F i g . 2 ;  s top  1 2 ) . The l ower two members each  conta i n 
two to three fl ow un i ts .  At l ea s t  n i ne  fl ow u n i ts a re recogn i zed i n  the Happy- B l i tzen 
Creeks sec t i o n  a bove the Col l awa s h  Ri ver ( s top 42 ) ,  but none a re s i mi l a r to the Brei ten 
bus h sec ti on .  Two tuff beds a r e  i n terbedded i n  t h e  basa l Nohorn Forma ti on  a l ong  the H o t  
S p ri ngs  F o r k  o f  t h e  Col l awas h  Ri ver ( F i g .  3 ;  s top  40 ) . Rad i ometri c age  dates  of  the 
Brei ten b u s h  Forma t i o n  ra nge from 19 . 7  to 12  Ma ( Tabl e 2 ) . 

The forma t i o n  was forme r l y  mapped a s  part of  the Bre i ten b u s h  Tuff by Thayer ( 1939 ) 
and  the L i ttl e B u tte Seri e s  by Pec k and  others ( 1964 ) . 

The  Nohorn Andes i te ( Tn ) , a new l y  recogn i zed u n i t ,  conta i n s  c h i ef ly  l ava fl ows , 
avera g i ng 30 to 40 m th i c k , w i th fl u v i a l  vol can i c l a s ti c i n terbed s u p  to 6 m thi c k . The 
l ava fl ows occur i n two a reas , i nd i ca ti ng  the po s s i b i l i ty tha t they were erupted from 
sepa rated cen ters . The format i o n  i s  expo sed exten s i ve ly  a l ong  the Hot  Spri ngs  Fork  of 
the Col l awa s h  Ri ver ( F i g s . 3 and  4 ;  s top 40 ) , where the l a va f l ows are i n ters tra ti s fi ed 
wi th th i n ,  pyroc l a s ti c - fl ow depos i ts s i m i l ar to the tuffs of the Bre i ten b u s h  Format i on . 
To the ea s t ,  the l ava  fl ows are i nters trat i fi ed wi th beds of B u l l Cree k ( F i g .  5 ) . The 
forma ti on  is  not  present  i n  the Brei ten b u s h  Ri ver dra i nage , b ut  farther s o u th , i n  the 
B l owou t  Cree k dra i nage  s o u thea s t  o f  Detroi t Reservo i r ( F i g .  2 ) , s i mi l a r l a va fl ows a re 
i n ters tra ti fi ed wi th pyroc l a s ti c - fl ow depo s i ts of the Bre i te nbu s h  Forma ti on .  The H ug h  
Cree k l a va f l ow ,  l ocated sou thwe s t  of s to p  40 , y i e l ded a rad i ome tri c age  of  1 3  to  16 . 5  
Ma ( Tab l e 2 ) . 

The  Nohorn Ande s i te wa s fo rmer ly  mapped a s  part of  the S a rd i ne  Format i o n  by Pec k 
and  o thers ( 1964 ) , McBi rney and  others ( 1 9 74 ) , a nd  S u tter ( 1978 ) . 

The  beds o f  B u l l Creek ( Tbc ) , occurri ng  i n  the upper  C l ac kama s R i ver dra i nage , were 
i n forma l l y  named by Barnes a nd  But l er  ( 1930 ) ( Tabl e 1 ) . B u l l C reek  s i n k s  i n to the l arge 
l an d s l i de compl ex  j u s t  north of  the R i pp l ebrook Ranger S ta ti on  ( F i gs . 3 and 4 ) . The 
s tra ta were i nc l uded i n  the L i ttl e B u tte Vo l ca n i c Seri es by Peck and others ( 1964 ) . The 
beds a re proba b l y  eq u i va l ent  to the Eag l e Creek  Forma ti o n o f  the Co l umb i a  R i ver Gorge 
( Wo l fe ,  19 54 ; Hammon d ,  1980 ) . They a re i nters tra ti f i e d  to the north wi th the Grande 
Ronde Basa l t ( s tops  33  and 34 ) and to the south w i th the No horn Andes i te .  No  ra di ome tr i c 
age de termi nat i ons  of the beds ha ve been made . 

Col umb i a  R i ver B a s a l t Group ( Tcr ) : Tho l e i i t i c  fl ood ba s a l ts eq u i va l e n t  to the 
Y a k i ma Basa l t S ubgrou p  of  the Col umb i a  P l a teau have a th i cknes s of  550  m a l ong  the 
C l a c kamas R i ver  ( Beeson  a nd others , 1976a , b ;  Anders o n , 1978 ) . These  l a va fl ows th i n  
abruptl y  to the s o u th over a d i s tance  o f  10  km and  i n terfi nger wi th s tra ta o f  the Rhodo
dendron Forma ti o n  and beds of  B u l l Cree k ( F i g s . 4 a nd  5 ) . Two format i ons  of  the Ya k i ma 
Basa l t S ubgroup a re present  i n  the C l a c kama s R i ver a rea : the Grande Ronde Bas a l t and  
overl y i ng  Wana p um Basa l t ( Frenchma n  S pri ngs  Member )  (Anderson ,  1978 ; F i g .  6 ) . Radi o 
me tri c age da tes fo r t hese  u n i ts i n  t he  Col umb i a  P l a tea u range  from a bo u t  1 3 . 5  to  16  Ma 
( Swanson  a nd others , 1 979 ) . 

The  Grande Ronde Basa l t i s  the mos t  vol umi nou s  a nd l ate ral l y  extens i ve format i on  
o f  the Col umb i a Ri ver Basa l t Group wi th i n  the C l a c kama s R i ver secti o n .  The  formati on  
conta i ns 1 1  l ava fl ows to ta l i ng 370 m i n  th i c knes s . Mos t Grande  Ronde B a s a l t ,  exc l u s i ve 
of u n i ts Tgn 2h and  Tpv ( F i g .  6 ) , con s i s ts of  very fi ne-gra i ned aphyri c fl ows hav i ng we l l 
devel oped hac k l y  entab l a tures  and  l e s s  promi nent  col o n nades . I nd i v i dua l  f l ows a verage 60 
m, but l o ca l l y  exceed 90 m, i n  th i ckness . Upper , m i ddl e ,  a n d  l owe r s tra ti graph i c  u n i ts ,  
cons i s ti ng  respecti ve l y  of  norma l l y  ( Tgn2h and  Tgn2 l ) ,  reverse l y ( Tpv  a nd  Tgr2 ) ,  and  
norma l l y  ( Tgn 1 ) pol a r i zed l ava fl ow seq uences ( F i g .  6 ) , a re eq u i va l ent  to  the " N 2 " ,  " R2 "• 
a nd  " N 1 " pa l eomagneti c i n terva l s of the Col umb i a P l a teau  ( Swan son  and  o thers , 1979 ) . 
The  upper  N2 u n i t i s  capped by a two - fl ow sequence , 4 5 - 50 m thi c k ,  o f  coarser gra i ned , 
d i kty tax i ti c ,  mi crophyri c basa l t wi th b l ocky to col umnar  j o i n ti ng ( s top 29 ) and  h i gher 
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R HODOD ENDRON FORMAT I ON (Tr) 

large plagioclase glomerocrysts 
with some olivine:' blocky or col
umnar joints 

hiph MgO geochemical typej fine 
m1croporphyritic basalt; commonly 
diktytaxitic; irregular hackly to 
columnar appearing joints 

F R ENCHMAN SPRI NGS 
MEMBER (N)  

(Tf) 

H I G H  Mg() 
G RANDE RON DE (N)  

(Tgn�) 

low MgO geochemical type; fine to � LOW MgO 
very fine grained massive basalt; G RANDE RONDE (N)  
thick hackly tiered entablatures (Tgn21 l  

N2 
R2 

· - - - - - -

Prineville geochemical type; fine 
grained massive basalt; commonly 
blocky or columnar; rich in  large 
acicular apatite crystals 

low MgO geochemical type 

ric 

phyric to 
abundantly 

phyric 

units 

interbed 
VANTAG E 
MEMBER 

PRI N EVI LLE ( R) 
(Tpv) 

LOW MgO 
GRANDE RONDE ( R )  

(Tgr2) 

EXPLANATION : 
(Tgn1 not present in this section) 

TL YX-n • • • • . . . •  geochemical sample locality (flow number) 
(N) . . . . . . . . . . • . • . . •  normal remanent magnetic polarity 
( R )  . . . . . . . . . . . . . . . .  reversed remanent magnetic polarity 

: .--:7=:-; '4 : ;,.:/. ·  B U L L  C R E E K  BEDS (Tbc) . : ·. ':�: .';If: 
· -y - · -

F i g ure 6 .  Strati graph i c  s ecti on  o f  the Co l umb i a  Ri ver B a s a l t G ro u p  s o uthea s t  o f  Th ree Lynx .  

elev. 
(ft.) 

3000 

2800 

2600 

2400 

2200 

1 800 

1 600 



concentra t i ons  of MgO tha n  underl y i n g  basa l t .  S i mi l a r " h i g h  magnes i um"  f l ows a t  the top 
of  the Grande Ronde B a s a l t have been found  e l sewhere i n  northwes tern Oregon ( Beeson  a n d  
Mora n ,  1979 ) and  i n  t h e  wes tern Co l umb i a  P l a teau  ( Wri g h t  and  o thers , 1 9 73 ; N a t h a n  a nd  
Fruch ter , 1 9 74 ) . T he  mi dd l e R2 u n i t i s  capped by  a two-f l ow seq uence , 85-90 m th i c k ,  
o f  pre domi nant ly  col umnar- j o i nted basa l t eq u i va l ent to the chem i ca l l y  d i s t i ncti ve 
" Pri nev i l l e "  basa l t ( Tpv ) of Uppu l ur i  ( 19 74 ) . The  " Pri nev i l l e " basa l t ( s tops 28 a n d  3 1 )  
resemb l es the pos t-Wana pum Sadd l e Mou n ta i ns Basa l t o f  the Co l umb i a  P l a teau  b u t  i nter
tongues  wi th Gra n de Ronde Basa l t ( Broc k  and  Gro l i e r ,  1 973 ; Wri g h t  and o thers , 1 973 ; 
Swanson  and  o thers , 1 9 79 ) . 

The Frenchma n  Spr i ngs  Member ( T f )  of  the Wanapum Basa l t ,  up  to 1 1 0 m i n  th i c knes s , 
has  p l a g i oc l a s e  g l omerocrysts  rang i ng i n  s i ze from 0 . 5  to 3 . 5  em a nd i s  there fo re d i s 
ti n g u i s ha bl e  from Grande Ronde Basa l t ( s top 30 ) . These  fl ows are c haracteri zed by b l ocky 
co l umns , up to 3 m i n  wi dth , wi th l oca l  zones of  p l a ty j o i nt i ng .  The  F renchman 
Spr i ngs  fl ows a re genera l l y  coa rser g ra i ned than G ra nde Ronde Bas a l t and  a re d i s ti ngu i s h 
a b l e l oca l l y  fl ow by fl ow by  the i r d i fferi ng  a b unda nce and  d i s tri bu ti on  of  phenocrys ts . 
These  fl ows a re poorly  expo sed i n  the a rea and  common l y  form rounded h i l l s  beh i nd a 
broad bench a t  the top o f  the Grande  Ronde Basa l t .  

Upper part o f  the Wes tern Cas cade Group : I nd i v i dua l  aa and b l oc k  l a va fl ows and  
brecc i a  depo s i ts o f  the  Rhododendro n  Format i on  (Tr )  are 6 to  45  m th i ck ; teph ra a nd  
pyroc l a s ti c  fl ow depo s i ts range  from 3 to  180  m th i c k .  The g ray pyroxene a ndes i te por
p hyry l a va fl ows and  l i g h t-co l o red pyrocl a s t i c depo s i ts form the  l ower part  o f  the forma
ti on  i n  the upper C l a c kama s  Ri ver a rea ( s tops  43  and  46 ) . A few l ava fl ows are i n ter
s tra ti fied wi th the Outerson Basa l t a l on g  the dra i nage d i v i de separati ng  the B re i tenbush  
Ri ver a rea ( Fi gs .  4 and  5 ) . T h i n pyroc l a s ti c depo s i ts extend we l l sou thward a nd a re 
i n ters trat i fi ed wi th the Oute rson  ( s tops 1 1 , 1 9 , a n d  2 5 ) . The upper , dark-co l ored l ava 
fl ows of c h i efl y o l i v i ne-pyroxene andes i te porphyry overl i e  the Col umb i a Ri ver Basa l t 
Group a l ong  the C l ac kama s R i ver and  extend northwe s twa rd to a t  l ea s t  E s tacada . The 
s tra ta we re proba b l y  deri ved from erupti ve cen ters  i n  the upper C l a c kamas Ri ver dra i nage 
in  the a rea  wes t of the map ( F i g .  4 ) . 

The forma t i o n  i s  conti nuous  wi th s i mi l a r  vol can i c  s tra ta ma pped wes t  of  Mount  Hood 
( Ba rnes and B u tl e r ,  1 9 30 ; W i se , 1969 ) . I t  i nc l udes mos t s tra ta ma pped a s  Sard i ne Forma 
ti on by Pec k and  o thers ( 1 964 ) . 

Rad i ometri c a ge determi n a ti ons  o f  the roc ks  ra nge from a bo u t  1 1  to 12 . 6  Ma ( Tab l e 2 ). 

The Outerson Basa l t ( To ) , formerl y ca l l ed the O u terson  Vol ca n i c s by Thayer ( 1937 , 
1939 ) , cons i s ts predomi na ntl y  o f  dark-co l ored , b l ocky j o i n ted aa  l a va fl ows of phyri c 
o l i v i ne basa l t ( s tops 9 a n d  24 ) . P l a ty j o i n ted a p hyri c l ava fl ows a re mi nor  ( s top 1 1 ) . 
Lava fl ows a re 4 to 15 m th i c k ;  i n terven i ng scori a and  brec c i a beds a re 1 to 25 m thi c k .  
A l en s  o f  ·pa l a gon i ti c  hya l oc l a s t i te and  p i l l ow l a va occurs o n  the s o uthern s l ope of  
Ti mber Bu tte wes t o f  Outerson Mou n ta i n  ( F i gs .  2 a n d  4 ) . The s tra ta a re i n truded by  ma ny 
d i kes a nd p l ugs  o f  s i mi l ar basa l t .  

The format i on proba b l y  fo rms the remnant  o f  a l a rge s h i e l d vol cano comp l ex cen tered 
north of O u terson  Mo u n ta i n .  I t  fi l l ed a broad val l ey and  b l ocked  dra i nage , res 1 • l ti ng 
in  forma ti on  of  a l ower sequence o f  pa l ago n i ti zed fl uv i a l  ana ' � �ustr i n �  ;� l can i c l a s t i c 
depo s i ts a l ong  the northwes tern s i de of  the vol cano comp l ex ( s top l U J . These  depos i ts 
a re a bo u t  300 m th i c k  and  a re c a l l ed the beds of  Leone Lake  ( C l ayto n , 1976 ) . The ba sa l t 
l a va fl ows extend we l l s o uthward a l ong  the North San ti am R i ver ( s tops  24 a nd  2 5 )  a s  the 
Gr i z z l y  Cree k l a va s of  Ro l l i n s ( 19 7 6 ) , i n d i ca ti ng the pos s i b i l i ty of  add i ti ona l  so urce 
a reas . The  upper part of  the Outerson  Basa l t i nc l udes  a 245-m secti on  of  c h i e f l y  
vol ca n i c l a s ti c  beds ca l l ed t h e  Cheat Creek beds and  t h e  Nan  C ree k vo l ca n i c s  b y  Rol l i n s 
( 19 76 ) . These  beds conta i n ba s a l ti c bou l der mudfl ow a n d  fl u v i a l  depos i ts and  severa l 
pyroc l a s t i c  f l ow depo s i ts of the Rhododendro n  Forma ti on ( s tops  18  and  19 ) . 

The Outerson  Basa l t  con forma b l y  underl i es the l i g h ter  co l ored basa l ti c l a va fl ows 
of the o l der  H i gh Ca scade Group and  may therefore be a trans i ti ona l forma ti o n  between 
the Wes tern a nd H i gh  Cascade  Groups . 

Rad i ome tri c ages  o f  the basa l t ra nge  from about  4 . 5  to 1 1  Ma ( Ta b l e 2 ) . 

I n trus i on s : Of the a b unda n t  i n tru s i ons  ( QT i , T i ) i n  the area ( Tab l e 1 ) , some o l i v i ne 
basa l t d i kes  are feeders to the H i g h Cas cade basa l t ( s tops  8 and  44 ) . Other da rk-co l ored 
basa l t d i kes a nd p l ugs  are feeders to the Outerson  Basa l t ( s tops 9 and 1 7 ) . Other i ntru -
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s i on s  ( s tops  2 1  a n d  4 3 )  a re proba b l e feeders to the Rhododendro n  Forma ti o n  i nc l u d i ng  the 
Camel sback  i ntrus i on and i ts ra d i a l  d i kes ( s to p  54 ) . Some of  the l arger d i or i ti c p l u to n s  
may h a v e  been s o u rces of  t h e  l a va fl ows a n d  tuffs o f  the mi dd l e Wes tern Cascade Group . 
The Aus ti n Po i n t  i n trus i on ,  formi ng  the i n ner canyon of  the Co l l awa s h  Ri ver ( s tops  38 , 39 , 
a nd  50 ) , i s  a comp l e x  o f  mi crodi ori te s i l l s .  A p l u g  of v i trophyri c dac i te ( ? )  l i es  j u s t  
northwes t of  the Aus ti n Po i nt  i ntrus i on ( Fi g . 4 ) . The l a rge  i ntru s i on s  a n d  the i r a s s oc i a �  
e d  d i kes form a northea s t- trend i ng  i ntru s i ve zone ( F i g .  4 ) . They i nc l ude  the H a l l R i dge 
d i or i te porphyry of  Thayer ( 19 39 )  and  Pungra s s ami ( 19 6 9 ) , commo n l y  c a l l ed the Detro i t 
p l u to n  ( s to p  2 ) ; the i n trus i ons  o f  the North Santi am M i n i ng  D i s tr i c t  ( O l son , 1 978 ; F i g .  
2 ) ; a nd  the B u l l -of- the-Woods comp l ex  ( J ack son , 1980 ) . 

T he  country rock  s urro u nd i ng the Detro i t p l uton ( s top 1 )  i s  s t rong l y  dep l ete d i n  
18o a t  d i s ta nces  u p  to 3 km from the i ntru s i ve contact , i n di cat i n g  that  a l a rge meteor i c
hydrotherma l convec ti on  sys tem wa s a s s oc i a ted wi th the cool i ng i ntrus i on ( Tayl o r ,  1 9 7 1 ) .  
The a bunda n t  d i kes a n d  sma l l p l ugs  a n d  w i d th of  a l tera t i on  s ugges t tha t  the p l u ton  i s  the 
exposed top of  a l arger i ntru s i on wi th i rregu l a r ,  o u twa rd-d i pp i ng conta c ts . ( F i g .  5 )  

Rad i ometri c a ges  of  the i ntrus i ons range from about  9 to 25  M a  ( Ta b l e 2 ) . 

H i gh Cascade Group 

In the u pper C l a c kama s - North S anti am Ri vers a rea , the H i g h  Ca scade Group i s  separa ted 
i nto three parts : an  o l der H i gh Cascade basa l t ,  a younger H i gh  Cascade basa l t ,  and the 
vol ca n i c  depos i ts of  Mou n t  J efferson  ( Ta b l e 1 ) . 

O l der H i gh Cascade  Bas a l t :  The o l der  H i gh Ca scade Basa l t ( QT b )  cons i s ts c h i ef ly  of  
gray , b l o c ky to  p l a ty - j o i n ted o l i v i ne basa l t a n d  l e s ser amo unt  of  basa l ti c  andes i te aa  
l ava fl ows , 5 to  30 m th i c k ,  sepa ra ted  by  i nterbeds of  l i g h t-co l ored cong l omera ti c  vo l ca n 
i c l a st i c depo s i ts a n d  wh i ti s h s a l i c  tephra beds , 0 . 5 to 2 m  th i ck ( s tops  44 , 45 , and  47 ) . 
Al l s tra ta d i p ea s twar d ,  genera l l y  5 to 100 , b ut  a s  much a s  250 on  the ea s tern s l ope  
of  Rhododendron  Ri dge s o u th of  Mou n t  Lowe and  Col l awa s h  Mounta i n ( F i gs .  2 - 5 ) . The l ava 
fl ows are deep l y  d i s sected and genera l l y  cap  ri dge c res ts , and mos t  erupti ve cen ters have 
been ob l i terated by eros i on .  

The marg i n o f  th i s  basa l t l i es about  10 km wes t of  the yo u nger H i g h Cas cade basa l t ,  
i nd i cat i ng tha t H i gh Cascade bas a l ti c  vo l ca n i sm e i ther began  i n  the wes t and  mi g ra ted 
ea s tward o r  i n i ti a ted a s  a much broader bel t ,  na rrowi ng  i n  t i me to the cres t of  the range 
A zone of o l de r basa l ti c  erupti ve cen ters extend i ng northwe s tward from Mou n t  J efferson  
through  O u terson Mounta i n  to  Ba ttl e Ax ( F i g .  4 )  wa s i nfl uenced pos s i b l y  by a n  u nderl y i ng 
zone of  s hea r or  exten s i o n  fa u l ti n g . The s h i e l d  vo l cano  o f  Outerson  Bas a l t l i es o n  th i s  
s ame northwes t- trend i ng zone , a nd i ts po s i ti o n  may a l so  have been s tructura l l y  contro l l ed 

Mos t  rad i ome tri c a ges of  o l der H i gh Cascade basa l ti c  roc ks  range between 4 and  1 Ma 
( Ta b l e 2 ) . 

Younger H i g h  Cas cade Basa l t :  The younger H i gh Cas cade basa l t ( Q b )  a l s o  cons i s ts 
c h i ef ly  of ba s a l t and l es s e r  ba sa l ti c  andes i te ,  w i th i nterbeds of scor i a and fl uv i a l  
vo l ca n i c l a s ti c  a n d  tep h ra depo s i ts s i mi l ar t o  the o l der basa l t .  The l ava f l ows are 
med i um to l i gh t  gray , genera l l y  conta i n i ng  phenocry s ts of p l a g i oc l a se , o l i v i ne ,  and  py
roxene ,  i n  decrea s i ng order o f  a bundance ( Greene , 1968 ; S u tton , 1 974 ; Ro l l i n s , 1 976 ) . 
Th i n i n terbeds of  s a l i c  tephra , deri ved proba b l y  from H i g h  Cas cade s tratocone erupti ons , 
occur  s pora d i ca l l y yet s ugge s t  two s tyl es of  vo l can i sm ongo i ng i n  th i s  part  of the C a s 
c a d e  Range . T h e  younger l ava fl ows , i n  contra s t  t o  t h e  o l der basa l t ,  are genera l l y  fl at
l y i ng  a n d  form l ow s h i e l d vol canoes and  i ntracanyon l a va fl ows . The l a tter have commo n l y  
wel l -devel o ped col umnar  j o i n ti ng .  

Mos t younger basa l t l a va fl ows have norma l RMP and  are proba b l y  younger than 0 . 69 Ma . 
Mo s t  i ntracanyon l a va fl ows are overl a i n by weathered g l ac i a l  depos i ts tha t  are o l der 
tha n 10 , 000 y.  The re fore , the younger H i g h  Cas cade basa l t i s  ten ta ti ve l y  cons i dered 
to be no o l der than abo u t  1 Ma . Po s t-g l a c i a l  ( l es s  than a bo u t  10 , 000 B . P . ) bas a l ti c  
vol ca n i sm i n  the a rea  i s  pos s i b l y  a t  the c i nder cone sou thea s t  o f  Tr i angu l a t i o n  Peak  
( Ro l l i ns , 1976 )  and  i n  the  area a bou t Ol a l l i e  Bu tte ( F i g .  2 ) . 

Vo l ca n i c  de os i ts of  Mou n t  J efferson : The  l ava fl ows o f  the vol can i c  depo s i ts of  
Mou n t  J e fferson Qj are aa to b l ock f l ows , 3 to 5 m th i c k ,  separa ted by scori a and 
brecc i a .  They are composed c h i ef ly  of  g ray ba sa l ti c  andes i te ,  bear i ng  abunda n t  p l a g i o 
c l a s e  a n d  l es s er pyroxene p henoc rys ts , a n d  a mi nor amo u n t  o f  s i l i c i c  hornbl ende and  
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daci te ( Greene , 1968 ; S u tto n , 1974 ) . Ava l a nche  and  mudfl ow depos i ts a re a s  eq ua l l y  
a b u nda nt  a s  l a va fl ows . They cons i s t  of  l i g h t-gray , poorly sorted depos i ts ,  3 to 10 m 
th i c k ,  of  a ng u l a r  a ndes i te c l a s ts i n  pebb l e to bou l der s i ze ,  i n  a s i l ty to coars e  s a nd 
ma tri x .  One pos t-g l a c i a l  depos i t  b l oc ked H u n ts Creek to form Pame l i a  La ke . Another de
s c ended Wh i tewa ter C reek  to i ts confl uence wi th the North S anti am Ri ver ( F i g .  4 ;  s top  
2 3 ) . The  depos i ts h ave norma l RMP . Mos t  were depos i ted pre-g l ac i a l l y ,  more th an  a bo u t  
20 , 000 B . P . , a nd  may be younger t h a n  100 , 000 B . P .  

S truc ture 

The maj o r  s truc tures i n  the a rea cons i s t  of two fa u l t s ets : earl i er devel oped , 
northwes t- trend i ng fau l ts of c h i efl y ri g h t- l a tera l movement  and  younger , north - south nor
ma l fau l ts ( F i g .  4 ) . Fol d i ng i s  l es s  wel l defi ned . Northwes t- trend i ng fo l ds para l l e l 
ri g h t- l a teral  fau l ti ng i n  the no rthern part . Fo l ds trend  northea s twa rd i n  the cen tral 
part a nd north- south i n  the s o u thern part of  the a rea ( F i g .  4 ) . 

Fa u l ti ng : The  northwes t- trend i ng fa u l t set  i s  the mos t  s tron g l y  devel oped s tructure . 
The fa u l ts a re i rregu l a r l y  s paced but  wel l d i s tri buted . Few fau l ts , however , a re c l ea r ly  
expos ed i n  o u tcrop . Mos t fa u l ts a re s hear  zones , tens  to h u ndreds of  meters wi de , 
conta i n i ng pa ra l l e l s hea r p l a nes . S tops  4 ,  20 , 2 2 , 3 1 ,  32 , 36 , a nd  39 a re among  better ex
pos ures . Some s hear s u rfa ces reveal hori zonta l  r i g h t- l a tera l  s l i c kens i des ; a few have 
verti ca l  s l i ckens i des . The  amount  of  verti ca l d i s p l acement  ra nges from 60 to 300 m wi th
in  the Co l umb i a Ri ver Basa l t Group . The amount  of  l a tera l d i s p l acemen t rema i ns u ncerta i n  
wi tho u t  s tra ti graph i c  con tro l b ut  i s  proba b l y  compara b l e .  

I n tense  r i g ht - l a tera l s heari ng a l ong  the northwe s t  fa u l ts i s  concentrated wi th i n  a 
zo ne a bo u t  10 km wi de wh i c h extends northwe s twa rd from s o u th ern Rhododendron  Ri dge , 
through  the Co l l awa s h  Ri ver , a nd proba b l y  sou thwes t of the C l a c kama s Ri ver . The  zone i s  
the po s s i b l e  extens i on o f  the S i s ters fa u l t zone ( Lawrence , 1 976 ) and  ti es wi th the prob
abl e Portl and  H i l l s  fa u l t to  the no rthwes t .  

Some p l u tons  were empl aced a l ong  northwes t- trend i ng fau l ts a n d  s u b s eq uent ly  c u t  by 
l a ter mo vemen t .  Among these  p l u tons  are the Aus ti n Po i n t  i ntrus i o n ( s tops  39 and  50 ) 
and  the Came l s ba c k  i ntrus i o n ,  whose  d i kes a re concentra ted a l o ng the northwes t trend 
( s top  54 ) ( F i g .  4 ) . Other d i kes servi ng  as proba b l e feeders to the o l der H i gh Ca scade 
bas a l t l i e  a l ong  no rthwes t fa u l ts ( s top  44 ) . 

The younger north - s o u th norma l fa u l ts occur  pri nc i pa l l y  i n  two a rea s : the  North 
Sa nt iam  Ri ver area a nd the northea s tern part o f  the upper C l ackamas Ri ver a rea ( F i g .  4 ) . 
Genera l l y ,  the ea s t  s i de o f  the fau l t i s  down- dropped . D i s p l acement  ra nges from 150  to 
300 m .  Mos t you nger H i gh  Cascade  eru p ti ve centers appear  to be a l i gned on these fa u l ts . 

Northea s t- trend i ng fa u l ts are  wi de l y  di s tri b u ted . They s how norma l a s  we l l a s  s tri ke
s l i p  movemen t .  Meas urea b l e norma l d i s p l a cement  ranges from a few me ters to more than 
150 m ( s tops  3 a nd 27 ) . 

The  rel a ti ons h i p o f  the fa u l ts i s  not  c l ea r .  The north - s o u th s e t  genera l l y  o ffsets 
o r  termi na tes the northwes t s e t .  The northwes t s e t  of fau l ts or i g i na ted probab l y  a s  
ea r ly  a s  1 2  Ma , wherea s t h e  north- south s e t  devel oped wi th ou tpo uri ng  of  t h e  H i gh  Ca s 
c a d e  ba sa l t ,  a bo u t  5 Ma . However , movement  h a s  conti nued on  s ome northwes t fa u l ts , es 
peci a l l y  those at Rhododendron  Ri dge . Perhaps s ome di s p l a cement may h a ve been tra n s 
fe rred from no rthwest  ri ght- l atera l separati on  t o  eas t-west  extens i o n  on the  north - s o uth 
fau l ts , i nd i ca ti ng  a pos s i b l e  s h i ft in the reg i o na l s tres s pa ttern . 

Fo l d i ng : The  fo l ds rare l y  extend a ny d i s tance . 
s tra ta d i pp i ng genera l l y  l es s  than 25° except  a l ong  
a ted o r  o ffset  by  fau l ti ng .  Pos s i b l y  the d i verge nt  
t he  amo u n t  of  d i s p l acement  a l ong  these fa u l ts . 

Al tera t i o n  

They a re o p e n  and  upr i g h t , wi th the 
fau l t zones . The fo l ds a re term i n
fo l d d i rec ti ons  wi l l  be a mea s u re of  

Severa l  types of  a l tera ti on a ffec ti ng  roc ks of  the Wes tern Ca s cade Group  occur  i n  
the a rea : zeol i ti c ,  propyl i ti c ,  phyl l i c ,  pota s s i c ,  a nd  arg i l l i c a l tera t i o n  ( Peck  a n d  
o thers , 1974 ; P ungra s s ami , 1969 ; Tayl or , 197 1 ;  and  O l son , 1978 ) . 

Zeol i ti c  a l tera ti on i s  wi des prea d ,  pervad i ng  a l l vol can i c  rocks  of the l ower and  mi d-
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dl e parts of  the Wes tern Ca s cade  G ro up . Fra gmenta l  vo l can i c  rocks  a re more comp l ete l y  
a l tered t h a n  l a va fl ows . T h e  a l te red rocks  vary from wel l to poor ly  i ndura ted ; the 
l a tter are deep l y  wea th ered and s u s cepti b l e to l a nds l i d i ng .  G l a s s  a n d  fi ne cry s ta l s and  
c l a s ts a re rep l a ced by aggrega tes of  zeo l i te- - c h i ef ly  morden i te and  c l i nopti l o l i te ( Peck  
and  o thers , 1 964 ) , s i l i ca , smecti te ( mon tmor i l l on i te ,  ce l adon i te ) , a nd  carbona te mi nera l s, 
i mpart i ng a gree n i s h  co l or to the roc k .  Amygd u l es  cons i s t  common l y  of zeo l i tes - - thompso� 
i te ,  l a umon ti te ,  s ti l b i te ,  heu l and i te , a n d  chaba z i te--and  carbo na te mi nera l s ,  c h a l cedon i c 
q uartz , and  vari ou s  c l ay mi nera l s .  

Hydro therma l propyl i ti c  and  arg i l l i c  a l tera ti o n  i s  l o ca l , occurri ng  peri phera l l y  a n d  
wi th i n  i n tru s i ve rocks . T h e s e  a l tera ti on s  occ u r  c h i ef ly  wi th i n t h e  northeast-trend i ng 
i n trus i ve bel t between Detro i t Reservo i r a n d  B u l l -of- the-Woods and  a re a s s oc i a ted wi th 
sparse  prec i ous  and  base  me ta l m i nera l i za t i o n  ( Ol son , 1 978 ) . The propy l i ti ca l l y  a l tered 
roc ks a re g reen i s h  g ray a nd wel l i ndura ted . Fel d spar  i s  partl y rep l aced by a l bi te ,  a nd  
epi do te and  ca rbona te mi nera l s ;  ferroma gnes i an mi nera l s by  c h l or i te ,  a n d  ep i do te and  
ca rbona te mi nera l s .  G l a s sy ma tri x of  some rocks  i s  rep l aced by a ggrega tes of  s i mi l ar 
mi nera l s .  Seri c i te ,  ce l adon i te , c ha l cedo n i c quartz , and  pyri te occur  s poradi c a l l y .  

A n  i rreg u l a r  zone o f  p hy l l i c a l tera ti on , about  7 . 8  sq  km ( 3  s q  mi ) i n  area , tha t  en
c l oses  a sma l l core area o f  l e s s  than  0 . 6 5 sq  km  ( 0 . 2 5 sq mi ) of  pota s s i c  a l tera ti o n ,  
occurs wi th i n  the northea s t- trend i n g  pro py l i te zone a l o ng the L i ttl e North Santi am Ri ver 
( O l son , 1 978 ) . Aggrega tes of  quartz , ser i c i te ,  and  kaol i n i te occur  mos t a b unda n t l y  i n  
wal l rocks  o f  th i n  mi nera l i zed ve i n s wi th i n northwe s t- trend i ng  s hear a n d  fra cture zones . 
Pota s s i c  a l tera ti on  i s  c hara c teri zed by concen tra ti on  of  b i oti te and  l es ser  po ta s s i um 
fe l dspar  a s soc i a ted wi th  qua rtz , ser i c i te ,  and kaol i n i te .  

Al tera t i o n  ten tat i ve l y  i denti fi ed as  arg i l l i c a l terati on  occurs  wi th i n  the v i tro 
phyri c andes i te l a va fl ow of  the Brei tenbu s h  Formati on  a top  Hoover Ri dge s o uth of I danha  
( F i gs .  2 a nd 4 ) . Here about  2 . 5  sq  km  ( 1  s q  mi ) area o f  the  l ava fl ow i s  a l tered to  a 
soft , l i g h t-co l ored ma s s  s trea ked by vari ou s  h ues of i ro n  oxi de . An a rg i l l i ca l l y  a l tered 
pyroxene a ndes i te i n trus i on i s  wel l exposed a l ong  the C l a c kamas Ri ver ( s top 48 ) . 
Arg i l l i c a l tera ti on  a t  these l ocati ons  i s  pos s i b l y  caused  by hydrotherma l p roces ses , a t  
l ea s t  wi th i n the l i mi ted area of  the vi trop hyri c l a va fl ow . The i n trus i on may b e  a l tered 
de uteri ca l l y .  

Hot  Spr i n g s  

T h e  l oca ti ons a n d  characteri s ti c s of  Au s t i n ( Carey ) , Babgy ,  and  B re i tenb u s h  H o t  
Spri ngs  wi th i n  t h e  u p p e r  C l a c kama s -North Santi am Ri vers a rea ( F i g .  4 )  a re summari zed i n  
Ta bl e 4 .  The  hot  spr i ngs  l i e wi th i n  the north - trend i ng ho t spr i n g  zone o f  the wes tern 
s l ope  of  the Cascade Range . These  s pri ngs  con ta i n c h i ef ly  sod i um c h l ori de wa ters of 
l a rge l y  meteori c or i g i n  and are typ i ca l  of  hot-wa ter domi na ted therma l sys tems ( Mari ner 
a nd others , 1 974 ) . 

G l ac i at i on  

At l ea s t  two exten s i ve a l p i ne g l a c i a t i ons  are recogn i zed i n  t he  a rea . The o l der g l a 
c i a ti on covered ri dge c res ts , l ea v i ng h i gh mora i na l  depos i ts ,  a n d  extended fa r down the 
va l l eys . Termi na l  mora i nes of  th i s g l a c i a t i o n  have not  been recogn i zed . Some defi n i te l y  
l i e beyond the a rea of  t h e  ma p ( F i g .  4 ) , correspon di ng to ei ther t h e  M i l l  C i ty or  Detro i t 
mora i nes of  Thaye r ( 19 39 )  i n  the North Santi am Ri ver dra i nage . O l der  g l a c i ers of the 
C l ac kama s R i ver dra i nage pro ba b l y  d i d  not extend beyond the map a rea ; the i r termi na l  
mo ra i nes  may have been  ob l i tera ted by the  extens i ve l a n d s l i d i ng .  The  ri dge top  mo ra i na l  
depos i ts a re up to  about  20 m thi c k  and oxi d i zed to  depths  o f  2 m  or more . A brown so i l , 
part of  wh i c h a ppears to be l oes s i a l  i n  o ri g i n ,  ma nt l es much  of th i s  depos i t , especi a l l y  
on  the up l and  s u rfaces , for examp l e ,  e a st  o f  Oa k Grove Bu tte a n d  the northeas tern s l ope 
of  Rho dodendron  Ri dge . These  mora i na l  depo s i ts a re proba b l y  corre l at i ve wi th the Hayden 
Creek Dri ft of Sa l mon Spri ngs  G l ac i at i on  of the s o u thern Was h i ng to n  Cascade Range ( C ran
da l l  and  Mi l l er ,  1974 ) and  t he  J ack  Cree k forma t i o n  on  t he  ea s tern  s l ope of t he  Oregon 
Ca scade Range  ( Scott , 1977 ) . I ts age may be more than 100 , 000 B . P . , based  on s tu d i e s  
i n  Was h i n g ton  by Porter ( 19 7 6 )  a nd  Wa i tt ( 19 77 ) . 

The  younger g l ac i a t i o n  was of l es ser  exten t .  I ts depos i ts mant l e the l ower va l l ey 
s l opes  a n d  bo ttoms . T hey cons i s t  of gray mora i n a l  ti l l  and o u twa s h  g ra ve l s ,  l o ca l l y  as  
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muc h as  20 m th i c k ,  wi th  a n  upper ox i d i zed zone up  to 1 . 5  m th i c k . Termi na l  mo ra i nes of  
th i s  g l a c i a t i o n  a re p l o tted on  t he  map  ( F i g .  4 ) , and  o u twa s h  terraces  extend d i scon ti n u 
o us l y  downs tream from them . T h e s e  depo s i ts resemb l e thos e o f  Evans  Cree k G l a c i a ti on , be
tween 1 2 , 500 and  20 , 000 B . P . , o f  the Was h i n g ton  Cascade Range ( Cranda l l  a nd  Mi l l er ,  1974 ) 
and  are pos s i b l y  correl a t i ve .  The depos i ts a re a l so  proba b l y  corre l a ti ve wi th the S uttl e 
La ke member o f  the Cabot C reek  forma t i on recogn i zed o n  the eas tern s l ope of the Oregon 
Cascade Range by Scott  ( 1977 ) . 

Lands l i des 

Lands l i des occur i n  s evera l fo rms , rang i ng from sma l l debri s fl ows to l arge , creep i ng  
earth fl ows , s ome cover i ng  severa l  sq uare k i l ome ters ( s top 39 ) . They are genera l l y  
a s so c i a ted wi th e i ther s pec i fi c  geo l og i c  u n i ts ,  fau l t zones , o r  d i ke concen tra ti on s . I n  
the North San ti am R i ver a rea , s l i de s  occur  commo n l y  o n  the Brei tenbu s h  Format i on . I n  the 
upper C l a c kama s  R i ver area , l a n d s l i des  occur o n  beds of  B u l l Creek , the Nohorn Andes i te ,  
a nd Van tage  i nterbed o f  the Co l umb i a Ri ver Basa l t Group . I n  both a rea s , a few l a nds l i des 
occur  on  g l a c i a l  t i l l  depo s i ted i n  s teep va l l eys . 
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STOPS 

Overvi ew of  the North Sant i am R i ver Area  

From i ts i ntersec ti on  wi th I n ters ta te H i ghway I - 5  ( Ex i t 2 5 3 ) , S ta te H i ghway 22  a s cends 
a gentl e d i p s l ope a top  the Co l umb i a R i ver Basa l t Grou p .  Befo re reach i ng the turnoff to 
S tayton ( 1 1 . 5 mi  from the j unct i on of  I - 5  and  2 2 ) , the h i g hway breaks  over the r i dge c re s t  
of  the basa l t a n d  descends  i nto the broad , gra ve l -covered va l l ey of  t h e  North Sant i am 
R i ver .  From S tayton , the h i g hway proceeds ea s twa rd a n d  downsecti o n  ( Tab l e 1 ) , cros s i ng 
s tra ta of  the Rhododendro n  Format i on  and  the Col umb i a R i ve r Basa l t G roup a n d  penetra ti ng 
s tra ta of  the mi dd l e a nd l ower pa rts of  the Wes tern Cascade  Group . Dark-co l o red l a va 
fl ows exposed  near  M i l l  C i ty ( 16 mi from the S tayton j u nc ti o n )  a re pa rt of  e i ther the 
" Sard i ne "  Fo rma t i o n  or  Nohorn Andes i te .  As  the h i g hway approaches Detro i t Reservoi r ,  
the va l l ey narrows i n  res ponse  to res i s ta nce o f  the " S ard i n e "  Forma t i on , wh i c h  was conta c t  
me tamorphosed by t h e  Ha l l Ri dge o r  Detro i t p l u to n  ( F i g .  4 ) . S top 1 i s  i n  hornfel s a t  
Detro i t  Dam ;  s top 2 i s  i n  the p l u ton  ( 0 . 7  mi ea s t ) . The north- trend i n g  Ha l l  R i dge syn
c l i ne i s  c ros sed at the ea s tern ma rg i n  o f  the p l u to n  ( F i g .  4 ) . E a s tward , the rou te pene
trates a th i c k ,  wes t-d i pp i ng homoc l  i na l  s eq uence o f  the " S a rd i ne "  Formati o n ,  a part  of  
wh i ch i s  exami ned a t � a t  De tro i t .  F rom Detro i t ,  t he  tou r  expl ores  t he  Brei te nbush  
a n d  North S a n ti am R i ver va l l eys  and  the  i n terven i n g  Bou l der Ri dge ( F i g .  2 ) . The ax i s of  
t he  I danha  a n ti c l i ne and  severa l fa u l ts l i e between Humb ug Cree k and  Bre i tenbus h Hot  
Spri ngs  a l ong  the  Brei tenbu s h  R i ver ( F i gs .  2 and  4 ) , wh i ch i s  paral l e l ed by  U . S .  Fores t 
Serv i c e  H i g hway 46 ( 22 4 ) . B att l e Ax l avas  of  the ba s a l ti c H i g h  Cascade Group cap  the 
ri dges to the north . The term i na l  mora i ne of  the l a s t  maj o r  g l a c i a t i o n  l i es wes t  of 
H umb u g  C ree k . S tops 4 and 5 a re i n  tuffs of  the " Sa rd i n e "  and Brei tenbush  Forma t i on s , 
respecti vel y ,  ea s t  of  the fol d ax i s .  Brei tenbush  Hot  Spri ngs  ( s top 6)  l i es wi th i n the 
wi dened va l l ey ,  where ero s i on , pr i nc i pa l l y  g l a c i a t i o n  and l a n d s l i d i ng ,  h ave removed a 
l a rge part  o f  the fau l t- d i s ru p ted Bre i ten b u s h  Forma t i on . S tops 7 and 8 to the northea s t  
of  the hot  s p ri ngs  exami ne part  o f  the Rhododendron Forma ti on and  unconfo rma b l y  overl y i ng  
H i gh Ca scade ba s a l t ( Tab l e 1 ) . S tops 9 through 19  cover the s tra ti g ra p hy and  s truc tures 
exposed  in Bou l der R i dge . Here , a s  i n  a l l adjacent  r i dge c res ts , the o l der H i gh  Ca scade 
basa l t d i p s  ea s tward benea th the cres t of  the range . S tops 20 th rough 25  are l ocated 
a l ong  the North S a n ti am R i ver va l l ey be tween I da n h a  and Mar i o n  Forks , 4 . 5  and  14 . 5  mi  
eas t ,  res pecti vel y ,  of  De tro i t a l ong  H i g hway 22  ( F i g s .  2 and 4 ) . 

S tops  i n  the North Sant i am Ri ver Area 

S tops  are l i s ted  n umer i ca l l y  1 th rough  25  ( F i g s .  2 and 4 ) . E ach  i s  ti tl ed  and br i ef ly  
descri bed . Loca ti on  i s  g i ven by  �� secti o n , towns h i p ,  range ; 1 5 -mi n u te q uadrang l e 
q uarte r ;  l a ti tude , l on g i tude ; and  e l eva t i on , i n  th i s order . Access  to eac h s top  i s  g i ven 
v i a roa d n umber , o l d U . S .  Fore s t  Servi ce road n umber i n  pare n theses , and  d i s tance from 
neare s t  ma i n  road j uncti on .  

North Sant i am Ri ver Area 

1 .  Con tac t  me tamorphosed " S ard i n e "  Forma ti o n ,  by Detro i t p l u ton  at Detro i t Dam . Loca 
t i o n : S E  NW NW 7- 10S - 5 E ; Detro i t NW ; 44° 43 . 4 1 ' N ,  122° 14 . 86 ' W ;  483 m ( 1585  ft )  e l ev .  
Al ong  no rth s i de o f  H i g hway 22 , 1 3 . 0  mi ea s t  o f  M i l l  C i ty and  8 . 1 mi wes t  o f  Detro i t .  
Park i n g  a t  dam , s o u th s i de of  h i g hway . H i g h  c u t  of  i rreg u l a r l y  fractured , probab l e mud
fl ow brecc i a ,  wi th a b un da n t  dark-co l ored coa rse l i th i c  fra gmen ts . Contact  metamorphosed 
to a l b i te -ep i dote hornfe l s fac i es . Bedd i ng  i nd i s ti nc t .  Severa l  northwes t- tre nd i ng  s hear 
frac tu res  cut roc k . 

2 .  Wes t marg i n o f  Detroi t p l uton a l ong  H i ghway 22 . 
NW ; 44° 42 . 9 1 ' N ,  122° 14 . 43 ' W ;  506 m ( 1 660 ft )  e l ev .  
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east  o f  De tro i t Dam ( s top  1 ) . Park i ng on s o u th s i de of  h i ghway . C ut  exposes  two fac i es 
o f  Detro i t p l u ton : conta c t  fac i e s  of  ma s s i ve ,  b l u i s h - g ray horn b l ende granod i or i te po rphyry 
wi th med i um- gra i ned  phenocry s ts o f  a n des i ne and  ho rnb l ende i n  a fi ne-gra i ned , eq u i g ra n u 
l ar groundma s s  of  eq ua l  pa rts orthoc l a s e  a nd  q ua rtz ; i n truded by core fac i es of  mas s i ve ,  
l i g h t-gray horn b l ende granod i ori te porphyry wi th med i um-gra i ned ma tri x .  Both fac i es  
partl y a l tered to  c l ay mi nera l s ,  ep i dote ,  c h l o ri te ,  a nd  c a l c i te ( Thayer , 1 939 ; P ungra s �  
ami , 1969 ) . 

3 .  " Sard i n e "  Forma t i o n  a t  De tro i t .  Loca ti on : N E  S E S E  2 - 10S - 5 E ; Detro i t NW ; 44° 44 . 33 ' N ,  
122° 9 . 14 ' W ;  488 m ( 1600 ft )  e l ev . A l ong  sou thwe s t  s i de o f  H i g hway 22 , 0 . 1 mi northwe s t  
of  Detro i t a nd  j u nct i on  wi th H i ghway 46 . Park i n g  on  both s i des  of  h i g hway near  j unct i o n . 
Wes tward- d i p p i ng  i n ters tra ti f i ed th i n - to med i um- bedded vo l can i c l a s ti c  s a n d s tone  and  tuff 
beds o verl a i n by e u tax i ti c a l l y  l ayered wel ded tuff u n i t o ver 100 m th i c k . Bedd i ng  i s  
d i s p l aced i n  c u t  a nd a l ong  B re i tenbus h Ri ver by 2 - 3  northeas t- trend i ng norma l fa u l ts of  
sma l l magn i tude . 

4 .  " S a rd i ne "  Forma t i o n  a 1 ong  Brei tenbus h R i ver near Scorp i on Cree k .  Locati on : N W  S W  N E  
24-9S - 6 E ; Ba ttl e A x  S E ; 44°46 . 88 ' N ,  122 ° l . O l ' W ;  646 m ( 2 120  f t )  e l ev .  Al ong  no rth s i de 
o f  USFS H i g hway 46 ( 224 ) 7 . 7 mi ea s t  o f  j uncti on  wi th H i ghway 22 . P a rk i ng  a l ong  s o u th 
e r n  s hou l der of  h i ghway o r  i n  q ua rry j us t  t o  ea s t .  O v e r  10 m o f  brown tuff and  2 m of  
vo l can i c l a s ti c  beds , d i pp i ng 15°  N E , a re exposed  on  the wes t .  Green  c rysta l  ( pyroxene
p l a g i o c l a s e ) - v i tri c tuff over 20 m th i c k ,  wi th i nd i s ti nc t  bedd i n g ,  i s  exposed o n  the ea s t .  
I t  i s  s tra ti gra p h i ca l l y  near  the top of  the forma ti o n  a n d  i s  dated  a t  2 3 - 24 M a  ( Ta b l e 3 ,  
no . 8 ) . The brown a n d  green tu ffs a re no t exposed i n  conta c t  b u t  a re very l i ke l y  separ
a ted by fau l ti ng .  Severa l  near-verti ca l  north- trend i ng  fa u l ts s howi ng  norma l a n d  s tri ke
s l i p  d i s p l aceme n t ,  a s  s hown by s l i c kens i des , cut the rocks . 

5 .  G reen tu ff a t  C l eator Bend member of Bre i ten bus h Forma ti on .  Locati on : S E  SW N E  19-
9S- 7E ; B re i tenb u s h  Hot S pr i ng s  SW ; 44°46 . 72 ' N ,  1 2 1 ° 59 . 76 ' W ;  652  m ( 2 140 ft )  e l e v .  Al ong  
north s i de of  USFS H i g hway 46 a t  j unc t i o n  of  road s  2231  ( S 9 1 6 )  and  4693  ( S 9 2 1 ) ,  
8 . 9  m i  ea s t  o f  Detro i t a nd  1 . 0  mi wes t of  Brei ten b u s h  Hot  Spr i ngs  s to re . Park i ng  on  
s o uth s i de of  h i g hway to  ea s t  o f  j uncti on .  Wa l k wes t  0 . 2  mi  to  observe p roba b l e Outerson  
Basa l t  d i ke cutti ng  tuff a l ong  a fa ul t as we l l as  observi ng  the adjacent  c ut .  Over 1 35 m 
of pumi ce c rys ta l ( q ua rtz - p l a g i oc l a s e ) - v i tr i c tuff ,  di pp i ng about 35°S E ,  fo rms the  l ower 
member  of  the B re i tenb u s h  Fo rmat i on . Tuff i s  dated by K-Ar at  19. 7 Ma ( Tab l e 2) . 

6 .  Bre i tenb u s h  Hot  Spr i ngs  (Tab l e 4 ) . Locati on : N E  20-9S- 7E ; Brei ten b u s h  Hot  S p ri ngs  SW ; 
44° 46 . 87 ' N ,  1 2 1 ° 58 . 7 1 ' W ;  6 7 1  m ( 2200 ft)  e l ev . S tore , bunga l ows , and  pr i vate bath s  a re 
l oca ted on  s o u th s i de o f  USFS Road 4 600/050 , 0 . 5  mi ea s t  of  turnoff from H i g hway 46 ( 22 4 ), 
1 . 0  mi ea s t  o f  j unct i on  o f  roa d  2 2 3 1  a n d  H i g hway 46 , a nd  9 . 9  mi ea s t  of  De tro i t .  Wa l k ,  
or  dri ve i f  permi tted , to foo tbri dge c ro s s i ng to bath house  o n  s o u th ban k  o f  Bre i ten b u s h  
R i ve r .  Spr i ng s  i s s ue from frac t ures , or  fau l ts ,  and  con ta c ts o f  bas a l t d i kes  c u tti ng 
Bre i tenb u s h  tuff .  Mos t s p ri ngs  i n  a rea a re p i ped . Open hot s pr i ngs  occ u r  a l o n g  ri ver 
a bo u t  0 . 25 mi up s tream on  pr i va te l a nd . 

7 .  Rhododendron  Forma ti on  and  o 1 der H i g h  Cas cade basa l t be tween  Rap i dan  a nd  Mansf i  e 1 d 
Cree ks , s o u th of  Co l l awas h  Mtn . Loca t i o n : NW NW SW 10-9S- 7 E ; Bre i ten b u s h  Hot  Spr i ngs  SW ; 
44° 48 . 35 ' N ,  1 2 1 ° 56 . 32 ' W ;  1250  m ( 4 100 ft)  e l e v .  A l ong  wes t  s i de o f  USFS road 4688 ( S981 ), 
a fter c l i mb i n g  4 . 1 mi from j unct i o n  wi th H i g hway 46 ( 2 2 4 ) . Th i s  j unct i on  l i es  1 . 0  mi 
ea s t  of  wes tern end and 0 . 5  mi wes t  of  eas tern end , respec ti ve l y ,  of  Bre i tenbus h Hot  
S pri ngs  road  4600/050 . Park i n g  a l ong  eas t s h o u l der  of road or  to  north a t  roa d  j uncti on . 
L i gh t- g ray crys ta l ( p l a g i oc l a se ) - v i tri c tu f f ,  45 m th i c k ,  forms the upper part  of a 180-
m secti o n o f i n ters tra ti f i ed l i ght-co l o red  fl u v i a l  vol can i c l a s ti c  beds , a i r-fa l l tephra , 
a n d  thi n pyroxene a ndes i te porphyry l a va fl ows of  Rhododendron Format i o n . Gray tuff i s  
da ted a t  1 2  Ma ( Tab l e 3 ,  no . 5 ) . I t  i s  c u t  by a 2 . 5-m wi de d i ke , trend i ng N 30° W , o f  
p robab l e H i g h Cas cade basa l t .  Base  o f  o l der H i g h  Cas cade basa l t i s  exposed  t o  the s o u th 
a n d  north . Good v i ew eas t to O l a l l i e Bu tte and  s o u thea s t  to Mt . Jeffers o n . 

8 .  O l der  H i gh  Ca s ca de basa l t s o u th o f  Col l awas h  Mtn . Loca t i on : NW NW NW 14-9S- 6 E ; 
Bre i tenbus h Hot  Spr i ngs  SW ; 44° 48 . 64 ' N ,  1 2 1 ° 55 . 8 1 ' W ;  1097  m ( 3600 ft )  e l e v .  A t  end of  
US FS s p u r  road 4688/ 220 , 1 . 4  mi  from j un c ti on  w i th 4688 and  2 . 1 m i  from j u ncti on o f  4688 
and 46 ( 2 2 4 ) . Las t 0 . 2  mi i s  genera l l y  bou l der  s trewn . Park i n g  and  turn -aro und s pace 
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l i es  a t  fi rs t exposed  d i kes . About  190-m exposed sec ti o n  of  i n terstra ti f i ed gray o l i v i ne 
bas a l t a a  l ava fl ows , s cor i a , pa l agon i ti zed tephra beds , a n d  a s a l i c  tephra l ayer , a bo u t  
7 0  e m  thi c k  a t  the top , a l l d i p p i ng  l0° E .  Sect i on  i s  c u t  b y  no rthwe s t - trend i ng s tr i ke
s l i p  fa u l ts and  s evera l  d i kes , 2-4 m wi de , o f  s i mi l a r  p hyri c basa l t .  S a l i c  tep h ra l ayer 
y i el ded da te of 4 . 2  Ma ( Ta b l e 3 ,  no . 1 ) . 

9 .  O uterson Basa l t a t  ri dge end a bo ve S k u n k  Cree k , s o u thea s t  of  Bre i te nbu s h  Hot  Spri ngs . 
Locati on : SW NW NW 33-9S - 7 E ; Bre i tenb u s h  Hot  Spr i n g s  SW ; 44°45 . 24 ' N ,  12 1° 57 . 9 7 ' W ;  1097  
m ( 3600 ft )  e l ev . Roa d  c u ts a l ong  s o u th s i de o f  USFS road  2230  ( 107 1 ) , the S ku n k  Creek 
roa d ,  0 . 5  mi  s o u theas t of  j uncti on  o f  roads  2 2 30 and 223 1 ( S9 1 6F ) . Th i s j u nc ti on  l i es 
3 . 3 mi sou th of  j u ncti o n  of road 2 2 3 1  wi th Hi g hway 46  ( 2 24 ) , 4 . 4  mi ea s t  o f  j uncti on  of  
road  2 2 3 1  wi th 840 ( S9 1 6 } , and  5 . 1 mi ea s t  of  j uncti on  o f  road 2 23 1  wi th road 4693  ( S9 2 1 ) . 
Park i ng  and  turn-around  space  on  o u ts i de of  bend , north s ho u l der o f  road . Base  of  
sec t i on  of  O u terson B a s a l t .  Road c u t  here exposes  parts o f  two dark-gray p hyri c p l ag i o 
c l a se-o l i v i ne basa l t a a  l ava f l ows , 6 - 1 0  m th i c k ,  separa ted by 3 -7 m of red to purp l e 
scori aceous  brecc i a .  Two north- trend i ng basa l ti c  d i kes a re emp l aced a l ong  a fau l t zone . 
The beds of Leone L a ke ( see s top  1 0 )  underl i e  the road . The  secti on  i s  con t i nuous  a l ong  
t he  roa d  for a bou t 1 km . I t  i s  eas i l y exami ned  on foo t or  by veh i c l e ,  a l though  the roa d  
i s  freq uentl y c l osed  by l a nds l i des  or  was ho u ts . 

10 . Leone La ke beds a t  ba se  of  Ou terson Basa l t .  Loca ti o n : N E  N E  S W  3 1 - 9S - 7 E ; M t .  J eff
erson NW ; 44° 44 . 98 ' N ,  1 2 1° 59 . 88 ' W ;  1 2 1 9  m ( 4000 ft )  e l e v .  Roadcu t a l ong  s o u th s i de of 
USFS road  2 2 3 1  ( S9 1 6 F } , 5 . 2 mi  s o u th of  j u ncti on  of  road 2 2 3 1  wi th H i g hway 46 ( 224 } , 
a n d  2 . 5  m i  eas t o f  j un c ti on  of  roa d  2 2 3 1  a nd road  840 ( S 9 16 ) , a nd  3 . 2 mi ea s t  of  j uncti on  
of  road  223 1  wi th road  4693  ( S 9 2 1 ) . Park i n g  a l ong  north s ho u l der o f  roa d . Road  c u t  
exposes  a bo u t  1 2 m of  wel l - s tra ti f i e d  vo l can i c l a s ti c  beds , i n c l ud i ng l ami na ted fi ne- to 
coarse-gra i ned sa nds tone , c l ays tone , and  pa l agon i ti c  l a p i l l i - brecc i a .  Bedd i ng d i ps  1 5 °  
NW . Sands tones  s how compac t i o n  and  s l ump s truc ture s . Bedd i ng i s  d i srupted  b y  adjacent  
l a nds l i di ng .  North - s o u th fa u l ti ng occu rs i n  va l l ey to  wes t .  Addi ti ona l good  expos u res  
l i e  0 . 3 mi  ea s t  a l on g  roa d . 

1 1 .  O u te rson  Basa l t i n tracanyon l a va fl ow ami d tuff beds of  Rho dodendron  Forma ti on . 
Loca ti on : N E  N E  S E  36- 9S- 6 E ; Detro i t N E ; 44° 4 4 . 9 1 ' N ,  1 2 2 °0 . 5 5 ' W ; 1 2 3 1  m ( 4040 ft )  e l ev .  
Roadc u t  a l ong  s o u th s i de o f  USFS road 2 2 3 1  ( S 9 1 6 F } , 1 . 5  m i  e a s t  o f  j u ncti on wi th road 
840 ( S 9 1 6 )  and 2 . 2  m i  eas t  o f  j u nc ti o n  wi th road 4693 ( S 92 1 ) . Park i n g  a l ong  north  s h o u l 
der of  road  on  o u ts i de of bend . A 6-m thi c k , dark-gray phyri c o l i v i ne basa l t a a  l a va 
fl ow fi l l s  a bou t a 20-m wi de va l l ey cut i n to a bou t 25  m of  i n ters tra ti f i ed soft  l i g h t
co l ored p umi ce c ry s ta l  ( p l a g i oc l a s e } -v i tri c tuff beds of  d i ffere n t  o r i g i ns . Tuff wes t  
of  l a va fl ow gave a K-Ar a ge da te of  10 . 4  M a  ( Ta b l e 3 ,  no . 2 ) . 

12 . V i trophyri c ande s i te l a va fl ow membe r of  Bre i tenb u s h  Forma ti on  a top Bou l der Ri dge . 
Locati o n : S E S E  NW 36- 9S - 6 E ; Batt l e Ax S E ;  44° 45 . 05 ' N ,  122° 1 . 18 ' W ;  1 19 5  m ( 3920  ft)  e l e v .  
Roadcut  a l ong  wes t  s i de of  US FS road 2 2 3 1  ( S9 1 6 F ) , 0 . 6  m i  ea s t  o f  j unct i on  wi th road  
840 ( S 9 1 6 )  a nd  1 . 3  mi  eas t o f  j u ncti o n  wi th road  469 3 ( S9 2 1 ) . Park i ng  a l ong both s hou l 
ders of  road . Typ i ca l  poo r expo s ure of v i trophyri c andes i te .  Roc k i s  K-Ar age  da ted a t  
14 . 5 - 1 5 . 5 Ma ( Ta b l e 3 ,  no . 6 )  a n d  1 7  Ma ( Ta b l e  2 ,  no . 28 ) . 

1 3 .  Gray tuff of Bou l der Ri d ge member of  Brei ten b u s h  Forma t i on . Locati on : NW S E  NW 36-
9S- 6 E ; Ba ttl e Ax S E ;  44° 45 . 1 5 ' N ,  1 22° 1 . 33 ' W ;  1 17 7  m ( 3860 ft )  e l ev .  Roadcut  a l ong  s o u th 
s i de of U S FS road 2 2 3 1  ( S 9 16 F } , 0 . 3 mi ea s t  of j unct i on  wi th roa d  840 ( S9 1 6 )  and  0 . 8  mi 
ea s t  of j u ncti on  wi th roa d 469 3 ( S 9 2 1 ) . P a rk i n g  on  north s h o u l der of  road . Roadcut  
exposes  upper oxi d i zed zone  of  l ower pyroc l a s ti c  fl ow u n i t o f  member ,  c h i ef ly  a l i th i c 
p umi ce crys ta l ( p l ag i oc l a se ) -v i tri c tuff . T h i s u n i t i s  a pproxi ma te l y  200 m thi c k .  The 
upper un i t i s  s i mi l a r but a bo u t  100 m t h i c k .  I t  i s  i n tense l y we l ded , has  b l a c k  p umi ce 
( observabl e i n  bou l der  fl oat  to wes t ) , and  wea thers to form col umns resemb l i n g s tone 
s ta tues  wh i c h ca n be seen on  the s l opes  to the wes t .  

14 . Fa u l t b l o c k  o f  " Sardi ne " Forma ti on  tuff ea s t  o f  Eag l e Roc k .  Loca ti on : S W  S W  SW 
24-9S - 6 E ; B attl e Ax S E ; 44°46 . 33 ' N ,  122 ° 1 . 6 7 ' W ;  1049 m ( 3440 ft) e l e v .  Roadc u t  a l ong  
wes t s i de o f  USFS  raod 4693  ( S92 1 ) , 2 . 2  mi north o f  j uncti on  wi th road 223 1  ( S 9 1 6 F )  and 
3 . 2 mi  s o u th of  j un c ti on  wi th H i ghway 46 ( 2 24 ) . Park i ng  on  ea s t  s ho u l der of  road . 
L i g h t-co l ored tuff conta i n i n g s parse  l i th i c  fra gme n ts l i es be tween para l l e l fau l ts trend-
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i ng N 70 -75° W .  Vo l can i c l a s ti c  s a nd stone i s  poor ly  exposed on the wes t .  To the ea s t  l i es 
a 75-m thi c k  brown s i l i c i f i ed l i th i c brec c i a of proba b l y  mudfl ow ori g i n .  I t  d i p s  about  
20° S E  and  i s  c u t  by  several  northwe s t- trend i ng fau l ts .  

15 . B a sa l t s i l l  a to p  cong l omera te of  " Sard i ne " Forma t i on , ea s t  o f  Eag l e Roc k .  Loca t i on : 
N E  S E  SW 24-9S - 6 E ; Battl e Ax S E ; 44° 46 . 47 ' N , 1 22° 1 . 2 1 ' W ;  9 2 7  m ( 3040 ft)  e l e v .  Roadcut  
a l ong  s o u th s i de of  US FS roa d  4693  ( S 92 1 ) , 2 . 3  mi  s o uthwe s t  of  j u nc ti on wi th H i ghway 46  
( 224 ) , and  3 . 1 mi  north of  j un c ti o n  w i th road  2231  ( S 9 1 6 F ) . P ark i n g  a l ong  north s h o u l der  
of  roa d .  Roadcut  expos es mo re than 3 m  o f  s i l i c i fi ed l ayered cong l omera te , proba b l y  part  
o f  l i th i c  brecc i a  exposed  a t  s top  14 , o verl a i n  s h arp l y  by a b l oc ky j o i n ted  s i l l , over 7 m 
th i c k ,  o f  fi ne-gra i ned basa l t .  S i mi l a r basa l t i n tru s i ons  a re abunda n t l oc a l l y ,  o n e  fo rm
i ng Eag l e Roc k ,  a n d  a re p ro ba b l y  part  of the Outerson Ba sa l t .  Un i ts a re c u t  by a north
wes t- trend i ng fa u l t ,  s howi n g  a bo u t  3 m  o f  norma l d i s p l acemen t .  Excel l e n t  v i ew of  Bre i 
tenbu s h  Va l l ey from road  bend to wes t .  

1 6 . B l a c k  pumi ce-beari ng gray tuff of  Bou l der Ri dge member o f  Brei tenbu s h  Forma ti o n .  
Loca ti on : N E  N E  N W  1 - 10S - 6 E ; Detro i t N E ; 44° 44 . 45 ' N ,  1 2 2° 1 . 20 ' W ;  1 128 m ( 3680 ft )  e l ev .  
Roadc ut  o n  north s i de o f  US FS roa d  8 1 0  ( S9 1 6E ) , 0 . 9  mi north o f  j u nct i on  w i th roa d  5 1 5  
( 10 7 1A ) , a n d  2 . 8  m i  ea s t  of j uncti o n  wi th th e Bou l der Ri dge  roa d  2 2 3 1  ( S 9 16 ) . Th i s 
j uncti o n  l i es 2 . 4  mi s o u th of j uncti o n  o f  roads  2 2 3 1  ( S 9 1 6 )  a nd  4693  ( S 9 21 ) . I t  a l s o  
l i es a bo u t  3 . 5  mi  north o f  S ta te H i ghway 22 , a b o u t  1 mi  wes t of  I danha . Park i ng a l ong  
t he  s o u th s hou l der  o f  t he  roa d . Road c ut  exposes  about  18 m of  gray e utaxi ti ca l l y  l ayer
ed h i g h l y  wel ded l i th i c - pumi ce cry s ta l ( p l a g i oc l ase ) - v i tri c tu ff . G l a s sy p umi ce conta i ns 
p l a g i oc l a s e  phenocry s ts . Th i s tuff i s  the u ppermos t fl ow u n i t of  the member a n d  wea thers 
to fo rm the s tone  s tatues s ta nd i ng  above s to p  1 3 .  I t  i s  o verl a i n j u s t  to the ea s t  ( a t  
the roa d  bend ) by the vi trophyri c andes i te l a va fl ow . Here the tuff i s  c u t  by no rthwes t
trend i ng  s hea r zone . Para l l e l i ng fa u l ts are  abunda n t  i n  th i s a rea . 

1 7 .  O u ters o n  Basa l t d i kes c u tti ng  gray tuff member o f  Brei tenbush  Forma t i o n  s o u th of  Ga l e  
H i l l . Locati o n : SW N E  NW 6 - 1 0S - 7 E ; Detro i t N E ; 44° 45 ' N ,  1 2 2° 0 . 12 ' W ;  1274  m ( 4 180 ft )  
el ev . Roadcut  on wes t s i de o f  US FS road  8 1 0  ( S 9 16 E ) , 4 . 3  mi ea s t  of  j u nct i on  wi th 
Bou l der Ri dge roa d  2 2 3 1  ( S 9 16 ) . See  s top  16 . Pa rk i ng  a l ong  ea s t  s h o u l der o f  road . S i x  
ba sa l t d i kes , 1 -4 m th i c k ,  i n trude th i s  tuff . Remnant  o f  b recc i a  cone , to whi ch  these 
d i kes were feeders , l i es ups l ope . Northwest- trend i ng  ri gh t- l a tera l fa u l t c u ts tuff . Im
med i a tel y north , o l der H i gh  Cascade basa l t l i es i n  contact  wi th Bre i tenbus h Format i o n  
a l ong  unexpo s ed northwes t- trend i ng  fau l t .  

18 . Chea t  Creek beds wes t o f  Outerson Mtn . ( Ro l l i ns , 1 9 76 ) . Locati on : S E  N E  SW 9 - 10S - 7 �  
M t .  J e fferson NW ; 44° 43 . 1 5 ' N .  1 2 1 ° 57 . 39 ' W ;  1 4 1 4  m ( 4640 ft )  e l e v .  Roadcut  a l ong  north 
s i de of  USFS roa d 2 2 33/650 ( 10 7 1M )  , 0 . 8  mi eas t  of j u nc ti on  wi th McCoy Creek roa d 2233  
( 10 7 1 ) . Th i s  j u ncti on  l i es 7 . 7  mi north vi a Me Coy Creek road from j uncti on  wi th S ta te 
H i ghway 22 , a bo u t  1 . 5  mi eas t  of  I da nha . Park i ng  a l ong  s o uth s ho u l der of  road .  S top 
is at base o f  wel l -exposed  s ect i on , about 200 m thi c k ,  o f  l i gh t-co l ored i n ters tra ti fi ed 
fl u v i a l  vo l ca n i c l a s ti c ,  tephra , a n d  pyroc l a s t i c  fl ow depo s i ts of i n terfi nger i ng  Outerso n  
and  Rhododendro n  forma ti o ns . Several  northwes t- trend i ng fa u l ts c u t  a nd repea t the sec
ti o n .  

19 . G ray pumi ce tuff o f  Outerson Mou n ta i n .  Locati on : N W  S E  N E  9 - 10S - 7 E ; Mt . J e fferson  
NW ; 44° 43 . 42 ' N ,  1 2 1 ° 57 . 0 1 ' W ;  146 3 m ( 4800 ft )  e l ev . Ea s tern s l ope  o f  Outerson  Mou n ta i n 
a l ong  wes t s i de o f  US FS road 2233/650 ( 10 7 1  M ) ,  1 . 4  mi ea s t  of  j uncti o n  wi th road 2233  
( 107 1 ) . See  s top 18 . P ark i ng  a l ong  ea s t  s i de o f  road  j us t  to north . Wel l -exposed , 
gray pumi ce  v i tri c tuff , about  60 m thi c k ,  caps  sect i o n  of  Cheat  Creek beds . Tuff i s  of  
pyroc l a s ti c  f l ow ori g i n  and  s hows excel l en t  zona ti on , from a thi n ba se  s urge l ayer , 
through  a 6-m th i c k s hear  fl owage zone , 6-m th i c k  l i th i c-r i ch  zone of  mos t l y  a n gu l a r  
phyri c o l i vi ne bas a l t ,  i n to t h e  upper mas s i ve part . Tuff i s  u nwe l ded . I t  i s  overl a i n  
by red l i th i c  brecc i a  o f  basa l t ,  o ver 1 5 m thi c k . Th i s  b recc i a  i s  i n  turn overl a i n  by 
o l de r  H i gh Cascade ba s a l t  l a va fl ows . The tuff i s  cons i dered ten tat i vel y a s  pa rt of  the 
Rhododendron Forma ti o n ,  i s  i n ters tra ti fi ed wi th vo l ca n i c l a s ti c  O u terson  Basa l t ,  and i s  
confo rma b l y  overl a i n  by H i gh Cascade Basa l t .  Severa l northwes t a n d  north - south fa u l ts 
c u t  these un i ts .  

20 . Fa u l ted green tuff o f  C l eator Bend member of  B re i tenbu s h  Forma ti on  ea s t  of  I danha . 
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Loca ti on : SW NW S E  23- 10S - 6 E ; Detro i t N E ; 44° 4 1 . 3 1 ' N ,  122° 2 . 22 ' W ;  579  m ( 1 900 ft )  e l ev .  
Al ong  north s i de of  S ta te H i ghway 22 , 1 . 9  mi eas t  of  I danha . Park i ng  a l o ng s o uth s i de 
overl ook i ng  North S anti am Ri ver . Long roadcut  exposes  pervas i ve l y  fau l ted green tuff a n d  
brown-wea theri n g  fi ne-gra i ned ba sa l t d i ke . r l a t- l y i ng fa u l ts wi th north - so u th movement  
a re exposed  a t  ea s tern end  o f  c u t .  

2 1 . I n trus i on near W h i speri ng Fal l s  campground . Locati on : NW NW S E  24- 10S - 6 E ; Detro i t 
N E ; 44° 4 1 . 47 ' N ,  1 22 °0 . 96 ' W ;  5 9 1  m ( 1 940 ft )  e l ev . H i gh  roa dcu t a l o ng north s i d e  o f  State 
H i g hway 22 , 1 . 1 mi ea s t  o f  I danha . Park i n g  a l ong  bo th s i des of  h i g hway wes t  o f  c u t .  C u t  
exposes  brown-wea theri n g  and  zeol i ti zed mi c rod i or i te . I ncl i ned co l umnar j o i nt i ng  s ug
ges ts tha t i n tru s i on i s  a s i l l . I t  resembl es the Au s ti n Po i nt  i n trus i o n  ( s top 50 ) . 

22 . Gray tu ff of  Bou l der  Ri dge  member of Brei tenbus h Forma ti on ,  between Wh i speri ng  Fa l l s  
campgro und  and  W h i tewa ter Cree k .  Loca ti o n : SW SW N E  1 9 - 10S - 7 E ; M t .  J efferson  NW ; 44° 
4 1 . 46 ' N , 1 2 1 ° 59 . 7 6 ' W ;  628 m ( 2060 ft)  el ev . Long road c u t  a l ong  north s i de of  S ta te 
H i ghway 22 , 2 . 7  mi ea s t  o f  I da n ha , 0 . 8 mi ea s t  o f  Wh i s peri ng  Fa l l s  campground , a nd  1 . 4  
mi wes t o f  W h i tewa ter Cree k .  Park i n g  a l o ng s o u th s i de o f  h i g hway a t  ea s t  end o f  c u t .  
Roadcut  exposes  perva s i vel y fau l ted c rys ta l ( p l a g i o c l a s e ) - v i tri c tu ff , chemi ca l l y  a n a l y z 
e d  a s  da c i te { Peck  a nd o thers , 1964 , Tab l e 7 ,  no . 18 ) . Tu ff has  b e e n  rad i ometr i ca l l y  
da ted a t  1 2  and  18  Ma ( Tab l e 2 ,  nos . 2 1  a n d  29 , res pecti ve l y ) . I t  i s  probab ly  the l ower 
fl ow un i t of the member . See s tops  13 and 1 6 .  Co l umnar-j o i n ted i ntracanyon bas a l t o f  
P i geon Pra i r i e  {yo unger H i g h  Cas cade basa l t ) overl i es t h e  tuff . 

23 . Wh i tewa ter Creek mudfl ow depo s i t from M t .  J e fferson . Loca ti on : N E  S E  S E  20- 10S - 7 E ;  
� J efferson NW ; 44° 4 1 . 1 5 ' N , 1 2 1 ° 58 . 1 3 ' W ;  67 1 m ( 2200 ft )  e l ev . C u t  a l ong  ea s t  s i de of  
S ta te H i ghway 22 , 0 . 2  mi s o uth of  bri dge over Wh i tewa ter Cree k a nd 5 . 3  mi  north of  Ma ri on  
Fo rks . Pa rk i n g  on  wes t s hou l der o f  h i g hway j u s t  s o u th o f  c u t .  Low c u t  exposes  a bou t 2 m 
of  fri a b l e gray sand  enc l o s i n g  coa rse  a n gu l ar  andes i ti c  fragments from M t .  Jefferson . 

24 . Outerson ( ? )  Ba s a l t south  of  Pamel i a  Cree k .  Loca t i o n : N E  SW S E  33- 10S - 7 E ;  M t .  
J e fferso n  NW ; 44° 39 . 5 2 ' N ,  1 2 1 ° 5 7 . 1 5 ' W ;  7 0 4  m ( 2 3 10  ft )  el ev . C u t  a l ong  ea s t  s i de of  
S ta te H i ghway 22 , 3 . 5  mi north o f  Mari on  Forks . Park i n g  a l ong  wes t  s i de o f  h i g hway over
l oo k i n g  North Santi am Ri ver . Abo u t  20-m- h i g h  c u t  expo s es t h i n gray phyri c o l i vi ne basa l t 
l a va fl ows and  enc l o s i ng  s cori a o f  probabl e Outerson Forma t i o n . 

2 5 .  Mys tery roadcu t north of Mari o n  Fo rks . Loca ti on : SW NW N E  10- 1 1S - 7 E ; Mt . Jefferson 
NW ; 44° 38 . 1 8 ' N ,  1 2 1 ° 56 . 24 ' W ;  7 1 9  m ( 2360 ft )  e l ev . Roa dc u t  a l ong  ea s t  s i de o f  S ta te 
H i ghway 22 , 1 . 7  mi north o f  Mari on  Forks . Park i ng  a l ong  wes t  s i de of  h i ghway a t  north 
end of cu t .  Abo u t  20-m- s ec ti on o f  i n ters tra ti f i e d  basa l ti c  l a va fl ow , congl omerat i c 
brecc i a , and  2 - 3 m o f  l i ght-co l ored tep hra and  vol ca n i c l a s ti c  bed s . Lava and  brecc i a  
are o f  probabl e Outerso n Basa l t ;  l i g ht-col ored beds are o f  the Rhododendron  Forma t i o n . 
Sec t i o n  i s  c u t  by severa l fau l ts mos t  of wh i c h tre nd northwe s tward para l l el i ng the 
val l ey .  Mo vement  on these  fa u l ts has  been genera l l y  down on the  so uth s i de .  

Overvi ew o f  upper C l ackamas Ri ver a rea 

Es tacada  l i es at the head of  a seri es  of broad  a l l uv i a l  fa ns , now d i s s ec ted to form 
terraces , wh i c h  grade to the Wi l l amette Ri ver ( F i g .  1 ) . The o l des t terrace , u nderl a i n 
by the Spr i n gwater Forma t i o n  o f  Tri mb l e ( 1 963 ) , l i e s  a t  the h i gher e l evat i on and  i s  i n
c l i ned more s teepl y tha n the yo un ger terraces , i nd i ca ti ng  u p l i ft of thi s part  o f  the 
range  s i nce i ts fo rma ti on .  

The Rhododendro n  Forma t i o n  i s  the bedro c k  a t  E s tacada . From here the tour proceeds 
s o u thea s tward up the C l a c kama s R i v er .  The canyon wa l l s  r i s e  gradua l l y ,  eventu a l l y  
expo s i ng  t h e  u nderl yi ng  Col umbi a Ri ver Basa l t Group  a t  North Fork  Res ervo i r , 7 . 5  mi 
above E s tacada  ( F i gs . 3 and 4 ) . From the North For k  Reservo i r  sou thward , the basa l t 
fo rms s teep canyon wal l s ,  capped l oca l l y  by Rhododendron  Forma ti o n  and  overl y i ng i ntra 
canyon ba s a l t l a va fl ows of  the H i gh  Cascade G roup . S tops 26  through  36  l oo k  a t  the 
s tra ti gra p hy and s tructures of the Col umb i a  Ri ver Basa l t Gro u p . S ta rti ng  at Three Lynx , 
the C l a c kama s Ri ver va l l ey i s  wi dened by l a nds l i d i ng o f  the mi dd l e part of  the Wes tern 
Cascade Gro u p .  The basa l t o verl i e s beds of B u l l Creek ( pro bab l y eq u i va l ent  to the Eag l e 
Cree k Forma ti o n )  and  Nohorn Andes i te ( Fi g .  4 ,  Tabl e 1 ) . So u th of the exten t of  the Co l � 
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umb i a R i ver Basa l t Gro u p , i n  the headwa ters o f  Mema l oose and  F i s h  C reeks s o uth of the 
C l ac kamas R i ver ( F i gs .  3 and  4 ) , s tra ta o f  the m i d dl e Wes tern Cascade G ro up are a l so  
expo s ed .  

Col umbi a R i ver ba s a l t fo rms s teep canyon wa l l s  a t  the no rthern end o f  F i s h  Cree k .  
S tops 5 1 ,  5 2  a n d  5 3  a r e  nea r t h e  sou thern exte n t  of  t h e  ba s a l t .  A t  s top  5 1 , t h e  basa l t 
has  been cut  o u t  by one  of the northwes t- trend i ng fa u l ts . Farther s o u th i n  F i s h  Cree k 
( s top 54 ) , the Camel s ba c k  i n tru s i on a nd rad i a l  d i ke  sys tem are exami ned . Col umb i a  Ri ver 
basa l t l a va fl ows i n terfi nger wi th beds of  Bu l l Creek and th i n  o u t .  None of  t h e  basa l t 
l a va fl ows i s  c u t  by the Came l s ba c k  i n trus i on .  

The Co l l awa s h  R i ver a rea s o uth of i ts j u nc t i o n  wi th the C l a c kama s Ri ver ( F i g s .  3 and 
4)  is  characteri zed by exten s i ve l a nd s l i d i n g ,  severa l  i n tru s i ons , a nd warped and  fau l ted 
s tra ta of the Wes tern Cascade group . S tops 37  through  43  exami ne t he  geo l o gy i n  th i s  
area . Bagby Ho t Spr i ngs  i s  l o cated a l ong  Hot  Spr i ngs  Creek , a bou t 1 mi s o u th by tra i l , 
from road  70 ( S - 70 ) . The  spri ngs  are l ocated a l on g  the i n tersec ti on  of north - so uth a nd 
no rthwe s t- trend i n g fa u l ts wh i c h  are expos ed a t  s top 40 . 

The north- trend i ng Rhododendron Ri dge separa tes the Co l l awa s h  R i ver from the u ppermo s t  
C l ackamas R i ver . T h e  r i dge i s  u nderl a i n ,  i n  descend i ng order , b y  H i gh  Cascade  basa l t ,  
Rhododendro n Forma t i o n , beds o f  B u l l Cree k ,  Nohorn Andes i te ,  Brei tenbu s h  Forma t i o n , a nd  
" S ard i n e "  Forma t i on ,  fo rmi n g  a l mo s t  a comp l ete s ec t i o n  o f  th i s part  o f  the  Oregon  Cascade  
Ra nge  ( F i g .  4 , Ta b l e 1 ) , and  cu t by severa l northwe s t- trend i ng fa u l ts .  S tops 42  through 
46  revea l s ome of the geo l o g i c  rel a ti ons  i n  Rhododendron R i dge . 
-- The uppermos t C l ackama s  R i ver va l l ey ,  domi n a ted by symmetr i ca l  S i s i  B u tte cone , fo l 
l ows north- s o u th fa u l t zones i n  wh i c h  the H i gh Cascade ba sa l t and  Rhododendro n Forma ti ons  
are j uxtaposed  ( Fi gs .  3 and  4 ) . S tops 47  thro ugh 50 cover part o f  the geo l ogy expo s ed 
a l o n g  the C l a c kama s R i ve r ,  i nc l ud i ng sma l l i n tru s i ons , one o f  wh i c h i s  hydro therma l l y  
a l tered ( s top 48 ) , and Aus ti n Hot Spri ngs  ( s top 49 ) , l oca ted 6 . 8  mi a bove  the Oak  Gro ve 
Fork . Aus ti n Hot  Spr i ngs  occurs  a l ong  the Oa k Grove B u tte - La ke Harri et fa u l t zone ex
ami ned at s top 36 . Dur i ng  the l a s t  major  g l ac i a ti on , a g l a c i er descended the upper 
C l a c kama s R i ver va l l ey to B i g Bottom , 4 . 9  mi a bo ve Aus ti n Hot Spri ngs  ( F i gs .  3 and  4 ) . 

S tops i n  the upper  C l a ckama s R i ver Area 

S to ps are 1 i s  ted n umeri ca l l y ,  2 6 - 54 ( Fi gs .  3 and 4 ) . Each  i s  ti tl ed and bri ef ly  
descri bed . Loca ti on  o f  each  i s  g i ven by  ��� secti on , town s h i p ,  range ; 1 5 -mi n .  quadrang l e 
q ua rter ; l a ti tude , l on g i tude ; and  el eva ti on , i n  th i s order . Access  to eac h i s  g i ven v i a  
roa d  number , o l d U . S .  Fores t Servi ce road number i n  paren theses , a n d  d i s tance  from near
es t ma i n  road j u nc t i on . 

26 . Con ta c t  rel a t i ons h i p between Rhododendron Fo rma t ion  and Col umb i a  R i ver Basa l t Group  
a l on g  North  Fork  Reservo i r .  Loca ti on : S E  N E  N E  13-4S-4 E ; Co l ton N E ; 45° 1 3 . 5 ' N ,  1 22°  
1 5 . 1 ' W ; 2 18 m ( 7 1 5 ft )  e l e v .  On US FS h i ghway 46 ( 224 ) , 0 . 5  mi northwe s t  o f  j unct i on  wi th 
road  S -403 . The  to p of  the Frenc hma n  Spri n gs Member of  the Wa napum Bas a l t can  be  s een 
a l ong  the s o uth s hore of  the reservo i r .  Roc k s  o n  the north s i de a t  the s ame e l eva t i on 
are i n tracanyon Rhododendro n  Fo rma t i o n  vo l ca n i c l a s ti cs  and  l a va fl ows . 

27 . Promon tory Park  fau l t ( F i g .  7 ) . Loca t i on : N E  SW NW 20-4S - 5 E ; F i s h  Creek Mtn . NW ; 
45° 12 . 7 ' N ,  1 22° 14 . 7 ' W ;  2 1 9 m ( 7 1 7 ft )  e l ev .  Al ong  US FS h i g hway 46 ( 2 24 ) , 1 mi south 
ea s t  o f  j unc ti on wi th road  S-403 . Th i s  fa u l t o ffs e ts t he  sect i on  mo re t han  1 50 m down 
to the nor thwe s t ,  expo s i n g  fl ows of  th e Grande  Ro nde Basa l t on  the sou thea s t  s i d e .  Ma ny 
fl ow s tructures charac teri s t i c  of f l ood ba s a l ts can  be seen i n  the road  c u ts . A p romi n
ent  ben ch can  be seen  appro x i ma te l y  1 20  m a bove the s o u th s i de of  the ri ver .  Th i s benc h 
pers i s ts througho u t  the C l a c kama s  R i ver canyon area and  i s  a maj o r  l a nd s l i de s urfa ce . 

28 . Pr i nev i l l e  and Grande Ronde Bas a l t fl ows a t  B i g C l i ff ( F i g .  8 ) . Loca t i on : NW N E  NW 
29-4S- 5E ; F i s h  Cree k Mtn . NW ; 45° 1 2 ' N ,  122° 14 . 6 ' W ;  220 m ( 720 ft )  e l ev .  Al ong  the north 
s i de of  US FS h i g hway 46  ( 2 24 ) , 1 mi northwe s t  of  j unct i o n  wi th road  45 ( S - 56 1 ) . The over
l y i n g  Grande Ronde fl ows ha ve wel l -devel oped co l o nnade and  enta b l a tu re i n  contra s t  to the 
underl yi ng Pr i nevi l l e  fl ows wh i ch con s i s t  enti re l y  of  broad  co l umns . The B i g  C l i ff 
fa u l t ( Fi g .  7 )  does not  offse t  u n i ts a t  th i s  l oca l i ty ,  b u t  contro l s the d i rect i on  of  the 
C l ackamas Ri ver from Promo n to ry Par k .  Numerous  en eche l on s h ears can be seen cu tti n g  the 
c l i ff fa c e .  
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F i g ure 7 .  Geo l o g i c s tri p ma p o f  
the ro ute from North Fo rk Reservo i r 
to F i s h  Cree k .  Upper case  l etters 
des i gnate fa u l ts named be l ow :  

A .  Promo n tory Park  
B .  B i g C l i ff 
C .  Lockaby 
D .  F i rs t Creek  
E .  Th i rd Creek  

Data from Anderson , 1 978  

[ 2 7] s top n umber 
Fo r exp l anat i on  of  ma p symbo l s ,  
see  F i gure 6 .  
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Fi gure 8 .  Norma l l y  magnetized Grande Ronde Basa l t  {Tgn2h and Tgn2l )  overlying 
reversely magnetized Prinevi l l e  basalt flow {Tpv) a t  road level a t  B i g  C l i ff. 
A northwest-trend i ng strike- s l i p  fault, in forested ravine at center, cuts 
c l i ff wi thout v i s i b l e  offset of flow contacts ( s top 28) . 
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Figure 9 .  Interbed a t  top o f  the 
Grande Ronde Basa l t ,  considered to 
be l i thostratigraphic equivalent of 
the Vantage Member of the El l ensburg 
Formation (stop 29) . 



29 . Sed i men tary i n terbed a t  the top o f  the Grande Ronde Basa l t ( F i g .  9 ) . Locati on : 
SW S E  NW 29-4S- 5E ; F i s h  Creek Mtn . NW : 4 5° 1 1 . 8 ' N ,  1 22° 14 . 6 ' W ;  366 m ( 1200 ft )  e l ev .  On 
the ea s t  s i de of road 45  ( S - 5 6 1 ) ,  1 mi from h i g hway 46 ( 224 ) j u nct i o n  ( Mema l oose  Bri dge ) . 
T h i s i n terbed i s  a l i thos tra t i graph i c  equ i va l ent  of the Vantage  Member of  the E l l ensbu rg 
Forma ti o n . The underl y i ng  fl ow top i s  deep l y  wea thered con tr i b u ti ng  to b l o c k  g l i d i ng 
i nvol v i n g  o verl y i ng  Frenchma n S p ri ngs  fl ows . L i ke o ther i n terbeds i n  the u pper h a l f of  
t he  ba s a l ts , thi s u n i t compo s i ti ona l l y  res embl es t he  overl y i ng  Rhodo dendron  Forma t i o n . 

3 0 .  Frenc hman Spri n gs fl ows a bove the Van tage  hori zon . Locat i o n : S E  N E  SW 29-4S - 5 E ; 
F i s h  Cree k Mtn . NW ; 45° 1 1 . 5 ' N ,  1 22 ° 14 . 6 ' W ;  427  m ( 1400 ft )  e l ev . On the eas t  s i de of  
road  45  ( S - 5 6 1 ) , 1 . 5 mi  from h i g hway 46 ( 224 ) j un c ti o n . P l a g i oc l a s e  g l omerocrys ts , u p  to 
3 . 5 em i n  s i ze ,  are p resent  i n  hand  s p ec i men , d i s ti n gu i s h i n g  these  f l ows from the under
l y i n g  a p hyri c Grande  Ronde  ba s a l ts . A fo ur-fl ow seq uence i s  exposed  i n  rel at i vel y 
con t i nuous  o utcrop exten d i n g  u p h i l l  from th i s  s to p .  

3 1 .  Pr i nev i l l e  ba sa l t a t  B i g  Eddy . Loca t i o n : NW SW NW 35-4S- 5E ; F i s h  Creek  Mtn . NW ; 
4 5° 1 1 . 0 ' N ,  122° 10 ' W ;  256 m ( 840 ft )  e l ev .  On the north  s i de of h i g hway 46 , adjacent  to 
B i g  E ddy campgro und . A h ack ly- j o i nted Grande Ronde fl ow i s  expos ed beneath co l umns  
o f  two Pri nevi l l e  fl ows , c l ea rl y demo n s tra ti ng  t he  i n terfi ngeri n g  of t hese  two un i ts 
( F i g .  7 ) . 

32 . Northwe s t- tren d i n g  Lockaby fau l t i n  C l a c kama s Ri ver . Loca ti o n : NW NW SW 1 - 5S - 5 E ; 
F i s h  Creek Mtn . NW ; 4 5° 9 . 5 ' N , 1 22° 5 . 7 5 ' W ;  278 m ( 9 1 2 ft )  e l ev . E a s t  s i de o f  C l ac kamas 
R i ver c hanne l , 0 . 2 5  mi  north of j unc ti on  of  h i ghway 46 and roa d  54 ( S - 54 ) . L i ke the en  
ec hel o n  B i g C l i ff fa u l t ,  the  Loc kaby fa ul t con tro l s the or i entat i o n  of  the ri ver over a 
d i s ta n ce of  severa l mi l es .  B l o c ky-jo i n ted Pri nevi l l e  ba sa l t can  be s een  aga i n s t  ha c k l y  
jo i n ted Gra nde Ronde Ba s a l t a l o n g  t h e  fau l t .  

3 3 . I n terbed i n  Grande Ronde  Ba sa l t ( Tgr2 ) .  Locati on : SW SW SW 9 - 5S - 6 E ; F i s h  Cree k Mtn . 
N E ; 4 5° 8 . 5 ' N , 1 2 2° 5 . 0 ' W ;  348 m ( 1 140 ft )  el ev . On the north s i de of  h i g hway 46 , 4 . 5 m i  
ea s t  o f  j u n c t i o n  wi th  roa d  54 ( S- 54 ) . I n terbeds i n  the Co l umb i a  Ri ver Ba s a l t i nc rease  i n  
a b undance a nd  thi c knes s  to the sou th . The i nterbed exposed  a t  thi s s top  i s  near  the base  
of  the Grande  Ronde Basa l t a nd  i s  compos i ti ona l l y  s i mi l a r to  the o l der beds o f  B u l l Creek 
F l u v i a l  gravel s a nd  a l a har  a re nes ted a ga i n s t  the se  o l der roc k s  at the wes t  end o f  the 
ro ad c u t .  At The Narrows ( F i g .  3 )  s tri ke-s l i p  fa u l ti n g  ( F i g .  1 2 )  contro l s th i s  rea c h  of 
the r i ver , between s tops  36 a nd 37 . 

34 . B a se  o f  the Co l umb i a  R i ver Bas a l t .  Loca ti on : N E  N E  N E  1 6 -5S - 6 E ; F i s h  Creek Mtn . N E ; 
45° 7 . 5 ' N ,  1 22 ° 4 . 5 ' W ;  344 m ( 1 1 30 ft)  e l e v .  A l ong  the north  s i de o f  h i g hway 46 , 0 . 5 mi 
north of j unct i o n  wi th road 55 ( S - 5 5 ) . The road c u ts here revea l the base o f  the Grande 
Ronde Basa l t ,  the underl y i n g  beds of B u l l Cree k ,  the rarel y seen  N 1 ( normal magneti c 
pol ar i ty )  basa l t f l ow ,  an i n terbedded l a ha r ,  and  two i n tersect i ng  fau l ts . The  D i nner  
Creek fau l t ( F i g .  12 )  trends a t  a n  ob l i q ue  a ng l e to the road  expo s i n g  tec ton i c  brecc i a  
a s  a bro a d  swa th a l o n g  the road cu t .  Abundan t d i p - s l i p  s l i c ken s i des a n d  two mi nor  
o ffse ts a re v i s i bl e .  The  ba se  of  the Co l umbi a Ri ver Basa l t Group l i es above the Three 
Lyn x  power ho use a n d  fl ume ( F i g .  3 ) . Lowe s t  exposed  fl ows occur  a t  the top o f  the p i pe
l i ne ; the  N 1 fl ow exposed  a t  s top  34 has  th i nned  o u t .  

35 . Overv i ew o f  compl e te Col umb i a  Ri ver Basa l t Group secti o n . Loca ti on : SW SW NW 27-5S-
6 E ; F i s h  Cree k Mtn . N E ; 4 5 ° 7 ' N ,  1 22° 4 . 5 ' W ;  366 m ( 1200 ft  ) e l ev . Loo k i ng northwe s t  
from h i ghway 46 , 0 . 5 mi s o u th of  road  53 ( S - 53 )  a t  Sand s tone  Cree k br i dge cros s i ng .  T h e  
enti re Co l umbi a Ri ver Ba sa l t Group secti o n  ( l es s  N 1 ) i s  expo s ed i n  t h e  c l i ffs t o  the 
sou thwe s t  ( F i g .  6 ) . A broa d l a nd s l i de ben c h  caps the ba s a l t and marks  the contact  wi th 
the over l y i ng Rhododendron Fo rmat i on . To the so uth of  th i s  s top  are o ver  1 0  sq  mi of 
l a nd s l i de debri s .  

3 6 .  Grande Ronde Ba sa l t  i n  fa u l t contac t wi th Wanapum Ba s a l t a l o n g  Lake Harri e t  fa u l t 
\Flg . 1 2 ) . Locat i on : N E  S E  NW 5-4S - 7 E ; H i g h  Roc k  NW ; 45° 4 . 5 ' N ,  12 1 ° 59 ' W ;  6 1 2  m ( 2040 
ft) e l ev . On the sou th s i de of  road  57 ( S - 57 ) , a bo u t  4 . 5 mi ea s t  of  j unct i on  wi th 
h i g hway 46 . A no rthwe s t- tren d i n g  fa u l t i s  exposed i n  road cu ts above an a ba ndoned 
c i nnabar  mi ne . Roc ks  i n  the v i c i n i ty o f  the fa u l t a re a l tered ; consequen tly , p l a g i o 
cl a s e  g l omerophenocrys ts o f  the Frenc hma n  Spri n g s  Member are d i ffi cu l t to  i den ti fy .  A 
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Figure 1 0 .  I n terbed w i t h i n  Grande 
Ronde Basalt (Tgnz l )  at stop 52 i s  
compositionally s 1 m i l a r to overlying 
Rhododendron Formation. A second 
i nterbed at base of trees , above, 
contains leaf foss i l s .  

Fi gure 1 1 .  Horizontal and sub
horizontal s l i ckensi des at Third 
Creek fault (stop 53) .  
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F i g ure 12 . Geol og i c  s tri p map of 
th e route from Roar i ng  Ri ver to Lake 
Harr i et .  Upper case  l etters des i gnate 
fa u l ts named  bel ow :  

A .  Di nner  C reek  
B .  Oa k Gro ve Butte 
C .  La ke Harri et 

Data from Anderson , 1 9 78 

[33] s to p  n umber  
For  exp l anat i on  o f  map  symbo l s ,  
see  F i g ure 6 .  

0 .5 1 .0 1 .5 2 .0 miles 



Grande Ronde  fl ow and  th i c k  p i l l ow comp l ex overl i e s a vo l can i c l a s ti c i n terbed on  the 
so uthwe s t  s i de o f  the fa u l t ;  the Frenchma n Spr i ngs Member  l i es to the northeas t s i de of 
the faul t .  The o ffset  on th i s  fau l t i s  at l ea s t  1 50 m down to the northea s t  and  the 
co l l ecti ve th row acro s s  the Lake Harri e t  fa u l t zone is more than 3 00 m .  

37 . Warped s tra ta o f  Bre i ten b u s h  Forma t i o n  a c ro s s  Co l l awas h R i ver from Raa b  Campgro und . 
Locati on : SW NW NW 27-6S- 6 E ; F i s h  Cree k Mtn . S E ; 45° 1 . 28 ' N ,  122° 4 . 28 ' W ;  457  m ( 1 500 ft )  
e l ev . V i ew from wes t  s i de o f  campground  o ff USFS h i g hway 46 ( 2 24 ) , 0 . 8  mi s o uth o f  
j un c ti on of  roads  63  ( S- 6 3 )  a n d  46 . Th i s  j u nc t i o n  i s  3 . 7 mi s o u th o f  j u n c t i o n  of  Oak  
G rove Fork  road  57  ( S - 57 )  wi th 4 6 .  S tream cut  i s  acces s i b l e  by wa l k i ng a bo u t  0 . 2 5 mi 
from s top  3 8 .  C ut  exposes  a bo u t  40-m sec t i o n  of i n ters tra t i fi ed  pyroc l a s t i c  fl ow de
pos i ts and fl u vi a l l y  depo s i ted vol ca n i c l a s t i c  s tra ta , d i pp i ng 45° NW . A coarse  mudfl ow 
brec c i a  underl i es the s ec t i o n  to the south a n d  i s  expo s ed a bo u t  100 m a l o n g  the eas t 
ri ver bank  to the north o f  the v i ewpo i n t .  

38 . Bas a l  con ta c t  o f  Au s ti n  Po i n t i n trus i on ( s i l l ) wi th Brei ten b u s h  Forma ti on . Loca ti on : 
sr-sw NW 27- 6S- 6 E ; F i s h  Cree k Mtn . S E ; 45° 1 . 28 ' N ,  1 22°4 . 1 1 ' W ;  50 2 m ( 1 680 ft)  e l ev . Take 
quarry road ( S - 6 3 P )  to  wes t  i mmed i a te l y  s o u th o f  Co l l awa s h  R i ver bri dge on  road  63 ( S -63 ) 
1 . 1 mi sou th of  j unct i on  of  roads 63 and 46 ( 224 ) . Over 30-m th i c k s i l l - l i ke i n tru s i on 
o f  po rphyri t i c mi crod i ori te a top  purpl i s h  th i n - bedded vo l can i c l a s t i c  depo s i ts .  Contac t 
i s  a s ha rp pl ane , d i pp i ng  30°S E .  I n trus i on i s  brecc i a ted  and  zeo l i ti zed i n  l ower 6 m ;  
l ower meter i s  a g l a s sy c h i l l  zone wi th  a l i gned p l a g i oc l a s e  phenocrys ts . Jo i n ti n g  i n  
i n trus i o n  s ugges ts two ep i sodes o f  emp l acement and  cool i ng .  

3 9 .  S hear  p l a nes i n  Aus ti n Po i n t i n tru s i on and  Col l awa s h  l a nd s l i de .  Loc a ti on : NW SW N E  
34- 6S - 6 E ; F i s h  Creek Mtn . S E ;  44°0 . 39 ' N , 1 2 2 ° 3 . 5 7 ' W ;  4 6 9  m ( 1 540 ft )  e l ev . Al ong  U S FS 
road  63 ( S- 63 ) , 2 . 7  mi s o u th of  j u n c t i o n  of  roads  6 3  and 46 ( 2 24 ) . Park i ng a l ong  wes t  
s i de bel ow s teep face  j u s t  north o f  bend . Northwe s t- trend i ng  s hears  occur  i n  mi cro
d i or i te i n trus i on a l ong  1 00-m zone . Bas a l  contact  o f  s i l l , d i pp i ng  30°W , l i es to north
eas t  a c ro s s  Col l awa s h  R i ver . Ac ti ve Co l l awa s h  l a nds l i de ,  ea s i l y  reco gn i zed by i ts 
hummoc ky terra i n  and  " drun ken " fores t ,  has  heaved r i ver sed i men ts a ga i n s t  wes t ba n k  of  
i n trus i o n . 

40 . Fau l ts and  andes i te porphyry d i ke c u tti ng  i n ters tra ti f ied  l a va f l ows and  tu ff beds 
of  proba b l e l ower Nohorn Andes i te .  Locati on : NW NW SW 22 -7S - 5 E ; Battl e Ax NW ; 44° 5 6 . 8 '  
N ,  1 22 ° l l . 5 ' W ;  7 32  m ( 2400 ft )  e l ev .  Roa d c u ts a l ong  south  s i de o f  US FS road  7 0  ( S - 70 ) , 
the Ho t Spri n gs Fork roa d , 7 . 8  mi wes t of j u nc ti on  o f  roads  70 a n d  63 ( S -63 ) and  1 . 9  mi 
wes t  of  tra i l  head to Bagby Ho t Spr i ngs  (Tab l e 4 ) . Road 70 l i es  4 . 0  mi s o u th o f  j u nc
ti on  of  roads  63  a nd  46  ( 2 24 ) . P ark i ng  a l ong  nor th s ho u l der o f  roa d .  Abo u t  200 m of  
road  c u t  a nd t he  s l ope  bel ow expose  abo u t  a 7 5-m s trati grap h i c  s ect i on  o f  the Nohorn 
Ande s i te .  A 5-m th i c k  i n terbed of  vo l ca n i c l a s ti c sands tone , bea ri ng  coa l y  parti ngs , 
d i pp i n g  l 0° S E ,  a l o ng  wi th l ava fl ows a n d  brecc i a ,  under l i e  the road . The ea s tern part  
of  the roa d  cut  exposes  a t  l ea s t  two 5-10  m th i c k dark-co l ored l ava fl ows of  pyroxene 
andes i te po rp hyry , vo l ca n i c l a s ti c i n terbeds , and a 10-m th i c k  pa l e green tuff , s i mi l ar 
to the tu ffs of  the Brei tenb u s h  Fo rma t i o n . Un i ts a re offs e t  by a t  l e a s t  1 2  northwe s t
tren d i ng  s hear  zones , s howi n g  o b l i q ue - s l i p  d i s p l acemen t .  The  zone s tri kes  towa rd Bagby 
Hot  Spri ng s  ( F i g .  4 ) , probabl y formi ng  there the channe l ways for the s pr i ngs . The 40-m 
th i c k l a va fl ow at the wes t  end of  the cut i s  the probab l e conti nuat i on of the Hugh  
Creek  fl ow , exposed  about  0 . 5 mi  to  the southwes t ,  dated a t  1 3  to  16 . 5  Ma  ( Tab l e 2 ) . I t  
i s  i n truded by a ta peri n g  9 - 1 2  m w i de  d i ke o f  a l tered andes i te porphyry s i mi l ar to 
the i n tru s i on s  o f  the Bu l l -of-the-Woods compl ex . 

4 1 .  S i l i c i c  l a va fl ows o f  the Nohorn Andes i te a l ong  Ho t Spr i n g s  Fo rk . Locati on : S E S E  
S W  4 - 7S- 6E ; Ba ttl e A x  N E ;  44° 59 . 02 ' N , 1 22°4 . 9 3 ' W ;  5 3 0  m ( 1 740 f t )  e l ev . A l ong  north 
s i de of  US FS road 70 ( S - 7 0 ) , the Ho t Spri ngs  Fork road , 1 . 0  mi  wes t of  j u nc t i o n  of  
roads  63  ( S - 6 3 )  a nd  70 . Th i s  j u nc ti on i s  l oca ted 4 . 0  mi sou th of  j u nc ti on o f  roads  
63 and  46 ( 224 ) . Park i n g a l on g  s o uth s hou l der overl oo k i n g  c ree k .  Eas tern end o f  0 . 8  m i  
s tretc h  o f  d i scont i nuous  road cu ts expo ses  very l i g h t  to  p i n k i s h  gray , po s s i b l y  deu teri 
c a l l y  a l tered , fl u i da l  l ayered , p hyr i c  fel dspar  s i l i c i c  l a va fl ow , l oca l l y  brecc i a ted and 
conta i n i n g abunda n t  l i th i c  i nc l u s i on s , l es s  than 1 5  em i n  s i ze ,  wh i ch where weathered 
out fo rm vo i d s .  F l ow i s  c ut  by several  northwe s t- trend i n g  s hear  fra c tu res . 
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42 . Happy- B l i tzen Creek s  sec t i o n  o f  Brei tenb u s h  Forma ti on . Loca t i o n : SW SW S E  24- 7S-6E ; 
Ba ttl e Ax N E ;  44° 56 . 39 ' N ,  1 22 ° 1 . 26 ' W ;  799  m ( 2620 ft )  e l e v .  Al ong ea s t  s i de o f  U S FS road  
63  ( S- 6 3 ) , the Col l awa s h  Ri ver road , 1 . 9  mi s o u th o f  j unct i on of  roads  63 and  6350  ( S- 70 U  
Th i s j u nct i on i s  5 . 1 mi s o u th o f  j unc ti on wi th road 70 ( S - 7 0 )  a n d  9 . 1 m i  sou th of  j unc
ti o n  wi th h i ghway 46  ( 224 ) . Park i n g  a l ong  wes t  s hou l der  of  roa d .  S top i s  a t  top o f  
3 1 5-m  sec ti on  of  Brei ten b u s h  Forma t i o n , d i pp i ng 20-40° N ,  and  i s  composed  o f  a t  l ea s t  9 
pyroc l a s ti c  f l ows o f  c h i e fl y  l i th i c -pumi ce cry s ta l  ( pyroxene-qua rtz- p l a g i oc l a s e ) -v i tri c 
tuff , 10-40  m th i c k ,  wi th i n terbeds o f  vo l can i c l a s ti c  s and s tone , 3 - 1 3  m th i c k .  Secti on  
i s  c u t  by two or more northwe s t- trendi ng fau l ts ,  b u t  no t uff  i s  repea ted , i nd i ca ti ng  
that secti on  i s  po s s i b l y  th i c ke r .  Tuffs  a re d i s ti ngu i s ha b l e on  col o r , th i c knes s , 
degree of  wel d i n g ,  a b undance and  s i ze o f  l i th i c  a n d  p umi ce fragments , a n d  proporti on  of  
three mi neral  componen ts . No a ttempt has  ye t been  made to  trace o r  corre l a te these 
tu ffs wi th o ther o u tcrops o f  th e Brei ten b u s h  Forma ti o n .  The secti on i s  exposed sou thward 
a l ong  road  for 1 . 3  mi and i s  ea s i l y exami ned on  foo t  or  from veh i c l e .  

4 3 .  Lap i l l i - brec c i a and  s i l l  o f  nea r by poss i bl e  vo l can i c  center o f  Rhododendron Forma t i o �  
wes t  s i de o f  Rhododendro n  R i dge . Loca ti on : N W  N W  NW 20-7S - 7 E ; Brei tenbu s h  Hot  Spr i ngs  
NW ; 44° 57 . 09 ' N ,  1 22 ° 59 . 2 5 ' W ;  1 2 1 9  m ( 4000 ft )  e l ev . At  end of  USFS  spur  roa d  63 50/ 240 
( S - 7 0 10 ) , 1 . 2  mi  north of  j unct i on  wi th road 6350 ( S - 7 0 1 ) . Spur roa d  i s  l oca ted 4 . 2  mi 
s o u th of  j unc ti on  of  roads  6350 and  6 3  ( S - 63 ) . Turn-arou nd s pace  for bus  l i es 0 . 9 mi 
north of j u n c t i on  wi th roa d 6350 . Sma l l er veh i c l es  can proceed to 1 . 0  mi . Wa l k 0 . 2  mi 
over boul der- s trewn road . More than 12 m of near l y  wh i te l i th i c  l a p i l l i - brecc i a i s  
i n truded by a 50-m s i l l  o f  dark-gray l i nea ted pyroxene andes i te porphyry . S i l l  i s  pro b
ab l e off- s hoot  of  p l ug i mmed i a tely  to  ea s t .  Fl o a t  on  road from p l u g  con s i s ts of  l i g h t
gray pyroxene andes i te porphyry wi th abunda n t  rounded i nc l u s i on s , avera g i ng  5 em i n  
s i ze ,  o f  darker gray andes i te porphyry . 

44 . O l der H i gh  Cascade  ba sa l t and d i ke o f  Hawk Mou n ta i n ,  s o u thern Rhododendron Ri dge . 
Locat i on : NW N E  SW 27-8S- 7 E ;  Bre i ten b u s h  Ho t Spri ngs  SW ; 44° 5 1 . 0 1 ' N , 1 2 1 ° 56 . 48 ' W ;  1 390 m 
( 4 560 ft )  e l ev . Al ong  wes t s i de o f  U S FS road  6350 ( S - 70 1 ) , 6 . 2  mi s o uth of  Gra ham Pa s s , 
1 1 . 7  mi s o u th of j u nc t i on wi th road  63  ( S -63 ) , a nd  1 . 0  mi north of  j u nc ti on  wi th road  
467 1 ( S- 7 56 ) . Park i ng a l o n g  ea s t  s h o u l der of  road . C ut  exposes  7-m secti on  o f  i n ter
s tra ti fi ed aa  l ava fl ows 2-4 m th i c k ,  a na rrow i ntracanyon fl ow , and  pa l agon i ti zed 
brecc i a ,  5 m th i c k ,  d i pp i n g  5- l0° N .  Two northwes t- trend i ng di kes , 1 - 2 m wi de , of  basa l t 
a re exposed to the s o u th . D i ke of  Hawk Mtn . , a bo u t  60 m w i d e , l i e s  to north o f  c u t  and  
cons i s ts o f  coars e l y  cry s ta l l i ne  ba sa l t wi th a bo u t  equ a l  amo u n ts o f  o l i v i ne and  p l ag i o 
cl a s e  p henocrys ts . A para l l e l , northwe s t- trend i n g  d i ke o f  ba s a l t ,  s i m i l ar  t o  Ou terson 
Basa l t ,  i s  expos ed a l ong  roa d  6350  abo u t  0 . 9 mi to the north , cu tti n g  s tra ta o f  brecc i a ,  
vo l ca n i c l a s ti c  sand s tone , a n d  wh i te tuff o f  Rhododendro n  Forma t i o n . C u ts to sou th of  
s top  expo s e  th i c ker s ecti on , l a c k i ng brecci a ,  o f  o l der H i gh Ca scade  l ava fl ows . 

45 . Fau l ts a nd di kes c u tti ng  o l der H i g h  Cascade  ba s a l t a l ong  H u nter Cree k , ea s t  s l ope 
of  R hododendron R i d ge .  Loca ti on : N E  N E  N E  1 1 -8S- 7 E ;  Bre i ten bus h Hot  Spri ngs  NW ; 44° 
54 ' N ,  1 2 1° 54 . 42 ' W ; 1045 m ( 3430 ft )  e l ev . Al ong  north s i de o f  US FS road 4671 ( S - 7 56 } , 
6 . 9 mi northea s t  o f  j unct i on wi th Graham P a s s  road 6350 ( S - 70 1 ) , 4 . 0  mi s o u thwe s t  o f  
j un cti on  wi th Lowe Cree k road 4 6 7 0  ( S - 702 ) , a n d  5 . 4  m i  sou thwe s t  o f  j u n c t i o n  o f  roads  
4670  and  46  ( 2 24 ) . Road  c u t  exposes  36-m sec t i o n  o f  i n ters tra ti fi ed ,  p l a ty and  bl oc ky 
jo i n ted  o l i v i ne ba sa l t aa l ava fl ows , a nd  bedded vari co l ored vol can i c l a s ti c beds , 
i nc l u d i n g  two very l i g h t- g ray to wh i te s a l i c  tephra beds , d i pp i n g  25° E .  Secti on  i s  c u t  
by two basa l t d i kes , one  3 - m  wi de  wi th c h i l l  marg i n s  and  fa u l ted ea s t  con ta c t .  Comp l ex 
fau l ti ng  i n  wes t part o f  road  c u t  s hows norma l d i s p l aceme n t  wi th eas t s i de up  and one  
s l i d ken s i ded , l eft- l a tera l s tri ke- s l i p  fau l t o f  u n known di s p l acemen t .  Fau l ts and  d i kes 
s tri ke northwes twa rd . Pa rt  o f  Sec t i o n  i s  repeated . Sec t i o n  i s  underl a i n  by more vo l 
can i c l a s t i c  beds exposed  a l ong  road  467 1 , 0 . 25 mi to southwe s t ,  and  capped by 1-4  m 6f 
you n ges t ti l l . Lava fl ows a re d i s cont i nuous l y  exposed  northward a l ong  road for a bou t 
1 .  5 m i . 

46 . Fau l ted Rhododendron  Forma t i o n  adj acent  to H i gh  Cas cade Group , no rthern Rhododendron 
R i dge . Loca ti on : N E  SW NW 9 -7S-7W ; Brei ten bu s h  Hot Spr i ngs  NW ; 44° 58 . 6 2 ' N ,  12 1 ° 57 . 83 ' W ;  
1 329  m ( 4 360 ft )  e l e v .  Al ong  north s i de o f  USFS road  4670 ( S -702 ) , 6 . 5  mi northwe s t  o f  
j u nc t i o n  wi th road 4 6 7 1  ( S- 7 56 )  and  7 . 9 mi northwe s t  of  j u nc ti on wi th h i ghway 46 ( 2 24 ) . 
Park i ng  a l ong  sou th s hou l der o f  road . Over 400 m o f  road cu t exposes  about  50-m secti on  
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o f  fa u l ted and  repea ted Rhododendron  Forma t i o n , cons i s ti ng  o f  i n ters tra ti fi ed gray coa rs 
l y  po rphyri ti c pyroxene andes i te l a va f l ows , a nd va ri co l o red l i th i c and  pumi ce brecc i a  
and  tu ff . S tra ta d i p  20°SW o n  wes t s i de and  l i e hori zon ta l l y  i n  m i dd l e o f  cu t .  Mo s t  
fa ul ts s tri ke no rthwes t w i th the eas t s i de d i s p l a ced downward .  H i gh Cascade  b a s a l t l i es 
i mmed i a te l y  to the ea s t .  S trati graph i c  rel a t i o n  between these fo rma t i on s  i nd i ca tes  that 
they a re separa ted by fau l ti n g  wi th proba b l y  over 100 m d i s p l acement ,  ea s t  s i de down . 
S top  l i es  wi thi n s o u thea s t- tren di ng  Lake  Harr i e t-Oak  Gro ve Bu tte fa u l t zone ( Fi g .  4 ;  
s tops  36  and  4 9 ) . 

4 7 . Ol der H i gh Cascade  ba s a l t a l ong  C l ac kama s R i ver north of  P i n head Cree k .  Loca ti on : 
N E  NW SW 1 6 - 7S - 8E ; Bre i ten b u s h  Hot  Spr i ngs  NW ; 44° 59 . 29 ' N ,  1 2 1 ° 52 . 92 ' W ;  732  m ( 2400 ft )  
e l ev . A l ong  east  s i de o f  USFS h i ghway 46 ( 224 ) , 1 0 . 8  mi s o uthea s t  o f  j u n c ti o n  wi th 
ro ad 63  ( S - 6 3 ) , 2 . 1 mi  s o uthea s t  of  Aus t i n Hot Spr i ngs , and 1 . 4  m i  north of  j u nc t i o n  wi th 
road 4670  ( S - 702 ) . Park i n g  on  wes t  s hou l der of roa d  overl oo k i n g  C l ac kamas R i ver . S top 
l i es nea r s o uth end  of  about  1 . 0 mi o f  conti n uo us roa d c uts i n  o l de r H i gh  Cas cade Bas a l t .  
Road  cut  expo ses  l ower beds o f  compac ted  yel l owi s h - brown to gray l i th i c and  pumi ce 
l a p i l l i  a nd coarse-gra i ned tu ff and upper i n ters tra ti f i ed 2-4-m thi c k  basa l t a a  l a va 
fl ows , capped by younges t ti l l ,  1 - 2 m th i c k .  Road cu ts to north a n d  s o u th expose  undu
l a ti n g  l ayeri n g , trunca t i o n s , i n traca nyon l a va - fl ow fi l l i n gs , more s a l i c  tuff  i n te rbed s , 
a nd  seve ra l  fa u l ts s tri k i ng N 10- 1 5 ° E .  Secti o n  l i e s  w i th i n  a narrow graben ; the north
s o u th fa u l t ,  a l o n g  wh i ch these roc ks  a re down -dropped i n to contact  wi th Rhododendron  
Forma ti o n ,  l i es  j u s t  eas t o f  h i g hway ( F i g .  4 ) . 

48 . Arg i l l i ca l l y  a l tered pyroxene a ndes i te i n trus i on a l ong  C l a c kama s R i ver eas t of  Aus ti n 
Hot  Spr i n gs . Loca t i o n : N E  SW NW 26-6S - 7 E ; H i g h  Roc k  SW ; 45° 1 . 29 ' N ,  1 2 1 ° 55 . 58 ' W ;  683 m 
( 2240 ft )  e l e v .  Al o n g  no rth s i de o f  C l a c kamas Ri ver on  U S FS h i g hway 46 ( 224 ) , 4 . 1 mi  
ea s t  o f  Aus ti n H o t  S p ri ngs , 6 . 2 mi ea s t  o f  j uncti on  o f  roa ds 46 a n d  63  ( S - 63 ) , a n d  0 . 8  mi 
wes t  of  j uncti on wi th Pot  Creek road 4660 ( S 637 ) . Park i n g  on s o u th s ho u l der of h i g hway 
overl oo k i n g  C l a c kama s R i ver .  Roadcu t exposes  soft , very l i gh t- to p i n k i s h - gray a rg i l l i 
ca l l y  a l tered pyroxene andes i te .  That  the roc k  i s  i n tru s i ve i s  i nd i c a ted by i ts mas s i ve 
chara c ter , s ti l l  preserved a l tho ugh  comp l etel y rep l aced by c l ay .  Less  a l tered green i s h
gray pyroxene andes i te occu rs w i th i n  s p heri ca l l y  eroded b l o c ks a t  the northwes t end of  
t he  road c ut .  Two thi n i n tracanyon fl ow s of  ves i cu l a r  H i gh Ca scade  o l i v i ne basa l t a re 
exposed a t  the top of the cu t .  

49 . Aus ti n H o t  Spr i ngs . Locati o n : S E S E  N W  30-6S - 7 E ; F i s h  Cree k Mtn . S E ; 44 ° 1 . 15 ' N ,  
1 22 °0 . 1 2 ' W ;  509 m ( 1670  ft )  e l e v .  Al ong  C l ac kama s R i ver a n d  USFS h i g hway 46 ( 2 24 ) , 2 . 1 
mi ea s t  o f  j unct i on wi th road ( S - 63 ) . P ark i ng  a t  p i c n i c  a rea  a l ong  r i ver . Spri ngs  
extend a l ong  ri ver for 100 m e a s t  of  p i cn i c  gro u nd s . See Ta b l e 4 .  

50 . S i l l  o f  Aust i n Po i n t i n tru s i on a l o n g  C l a c kamas R i ver . Locati on : NW NW SW 2 3 -6S - 6 E ; 
F i s h  Creek Mtn . S E ;  44° 1 . 88 ' N ,  1 2 2° 3 . 04 ' W ; 500 m ( 1 640 ft ) e l e v .  A l ong  north s i de o f  
US FS h i ghway 46  ( 224 ) , 0 . 4  m i  ea s t  o f  j u n c t i o n  wi th road 63  ( S -63 ) , a n d  4 . 1 m i  s o uth 
o f  j un c t i o n  wi th Oa k Grove For k  road 57  ( S- 5 7 ) . H i g h  c u t  o f  co l umnar-j o i n ted mi c rod i o 
ri te s i l l , over  1 00 m th i c k , d i ppi ng  20°N E , overl i e  i nterstrat i fi ed l i t h i c brecc i a ,  1 2 m 
th i ck , and  pl aty j o i nted pyroxene andes i te porphyry l a va fl ows , 2 to 1 0  m th i c k ,  o f  
Noh orn Andes i te .  A 1 . 5 -m th i c k c h i l l  z o n e  occurs a t  b a s e  of  s i l l . I n trus i on and  h o s t  
ro ck  a re zeol i t i ze d .  No rthwes t-trend i ng fa ul ts offset  contact at  b a s e  o f  s i l l about  2 m , 
so uthwest  s i de down . A probab l e  fa u l t extends  a l ong  ri ve r bed , s eparat i ng knob of  s i l l  
to s o uth from ma i n  mas s  to mo rth . 

5 1 . T h i rd C reek fa u l t c u tti ng  l a har  ( Fi g .  7 ) .  Locati on : N E  N E  N E  3 5 - 5S - 5 E ; F i s h  Cree k 
Mtn . SW ; 4 5 ° 6 ' N ,  1 2 2 °9 ' W ;  6 1 0  m ( 2000 ft ) e l ev .  On north s i de of  road  5420 ( S - 505 ) , 5 . 2  
mi s o uth o f  j unct i on  wi th roa d  54 1 0  ( S - 504 ) , wh i ch i s  0 . 1 mi  from road 54 { S - 54 ) . Out
cro p is  j u s t  pa s t  road  5420/ 170 ( S - 505-T )  on road  5420 . Wa tc h  for road  j u nct i ons . 
Stri ke- s l i p  fa u l t trendi ng N 30 °  E ,  o ffs ets a l ah a r  o f  the Rhododendron Forma t i o n  a n d  the 
o verl y i ng Grande Ron de Bas a l t  ( Tgn2 l )  f l ows . Shears cut  bou l de r and cobb l es i n  l a h a r .  

5 2 .  Sed i men tary i n terbeds i n  Grande Ronde Ba s a l t { Tgn2 l ) .  Locati on : N W  N W  N W  26 -5S-5E ; 
Fi s h  Creek Mtn . SW ; 4 5 ° 7 ' N , 1 2 2 ° 10 ' W ;  494 m ( 1 620  ft )  e l e v .  O n  the north s i de  o f  road  
54 30 ( S - 56 2 ) , 1 . 0  mi  north o f  j unct i on wi th road 54  ( S - 54 ) . Two vol can i c l a s ti c  i n ter
beds represent  i nterfi ngeri n g  Rhododendron Forma ti on  ( F i g  . .  1 0 ) . The upper  i n terbed , 
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1 8 . 5 m th i c k ,  con ta i ns a 6-m l ayer o f  sands tone , con ta i n i ng l ea f  fos s i l s ,  s andwi c hed 
between l ayers of vo l ca n i c brecc i a .  The l ower i n terbed , 1 5 . 4  m th i c k , i s  expo sed a t  
road l evel . 

53 . R i g h t� a tera l s tri ke- s l i p  fa u l t ,  T h i rd Creek fa u l t c u tti ng  Grande Ronde Ba sa l t {Tgn2 l 
and  Tgn 2h ) . Loca ti o n : N E  SW SW 23- 5S- 5 E ; F i s h  Creek  Mtn . SW ; 45° 7 . 5 ' N ,  1 2 2 ° 10 . 5 ' W ;  506 
m ( 1660 ft)  e l ev . On the wes t  s i de o f  road 5430 ( S - 562 ) , 1 . 5  mi north of j u n c ti on  wi th 
road  54 ( S - 5 4 ) . P i l l ow pa l agon i te comp l ex at road  l evel  i s  cut by n umero u s  para l l e l 
s hears wi th hori zon ta l  s l i c ken s i des ( F i g .  1 1 ) . S tep s tructures i nd i c a te r i g h t- l a teral  
movemen t .  

54 . Camel s ba c k  d i ori te i n trus i o n  a nd  cu tti n g  basa l t d i ke . Locati on : S E  SW N E  2 3 - 6S - 5 E ; 
F i s h  Creek Mtn . SW ; 45° 2 ' N , 1 2 2 ° 9 ' W ;  8 1 1  m ( 2660 f t )  e l e v .  O n  the wes t  s i de o f  road  
5440 ( S - 64 7 ) , 2 . 5  mi s o u th o f  j unct i on  w i th  roa d  54  ( S - 54 ) . T h i s j u nct ion  i s  7 . 5  m i  
south  of  j u nc t i o n  of  road  54 a nd  h i g hway 46 . Par k i n g  on  wes t  s i de be l ow ta l us s l ope . 
Exca vati on  a t  the base  of  ta l u s s l ope exposes  1 . 5-m wi de  ba s a l ti c d i ke ,  trend i ng N 16°W , 
i n trudi n g  d i or i te of Camel sback  p l u to n . Two s ets of  d i kes occur  i n  the  u pper Fi s h  Cree k 
a rea . The earl i er cons i s ts of  a p ha n i ti c to coarse l y porphyri ti c andes i te ,  mos t  o f  wh i ch 
fo rm a radi a l  d i ke swa rm about  Camel s b a c k . The younger d i kes , one o f  wh i ch  i s  exposed  at 
the s top , tren ds no rthwes tward fo l l owi ng  the reg i ona l  fa u l 1t  s tructure . 
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BEACH PROCESSES AND EROSION PROBLEMS ON THE OREGON COAST 

Paul D. Komar 
School of Oceanography 
Oregon State University 

Herb Schlicker 
Oregon Department of Geology and Mineral Industries 

INTRODUCTION 

The coast of Oregon provides an environment for the study of beach processes and 
erosion under high wave energy conditions. The purpose of this trip is to examine three 
areas that are fairly representative of the coast with respect to the nature of the beach 
deposits and processes, and to erosion problems experienced by the coastal communities. 
The first stop, Newport (Figure 1), is a classic example of large-scale slumping of sea 
cliffs resulting from sliding down seaward-dipping strata. The beach there is also typi
cal of the fine sand beaches, those most prevalent on the Oregon coast. Stop 2 will 
principally examine the considerable erosion problems that have been experienced on 
Siletz Spit since its development in the 1960's. The beach there is much coarser than 
at Stop 1, and the resulting beach morphology and processes will be contrasted. Stop 3 
at Taft will demonstrate the problems associated with gradual sea cliff erosion where 
large slumps are not involved, more typical of the Oregon coast than Stop 1. 

GEOMORPHOLOGY AND PROCESSES OF THE OREGON COAST 

The Oregon coast consists of a series of sandy beaches separated by large rocky 
headlands such as Yaquina Head and Cape Foulweather (Figure 1). The stretches of beach 
vary in length from small pocket beaches nestled amongst the rocky headlands to the 
50-mile long beach extending from Heceta Head south to Cape Arago near Coos Bay. Because 
the beach sand is not able to pass around these large headlands, each of the beaches can 
be considered as a pocket beach. One consequence of this is that the net littoral drift 
within each "pocket" must be zero. Deposition and erosion patterns due to jetty construc
tion also substantiate this (Komar et al., 1976). There appears to be an annual cycle of 
sand drift along the beaches, moving northward during winter storms from the southwest, 
but then returning southward during the summer months, yielding a net zero transport when 
averaged over the years. 

Like most other continental beaches, the beaches of Oregon are composed mainly of 
quartz and feldspar grains. The finer sand beaches can contain appreciable amounts of 
heavy minerals, principally hornblende, augite, garnet and epidote. At many locations 
there are heavy-mineral concentrations buried within the beach, which become exposed 
during winter months of general beach erosion. Thus certain beaches are distinctly finer 
during the winter than during the summer, and are a distinct greenish-black. The beach 
sands generally have median grain diameters in the range 0. 2 to 0. 5 mm (fine to medium 
sand on the Wentworth scale). Small pocket beaches in headland areas usually consist of 
basalt pebbles and cobbles. 
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The major source of sand to most Oregon beaches comes from erosion of sea cliffs, 
especially those composed of Pleistocene terrace sands. Sands transported down the 
major rivers are deposited in the estuaries rather than reaching the ocean beaches (Kulm 
and Byrne, 1966; Scheidegger et al., 1980) . This will be discussed more at Stop 3. Sand 
carried down the Columbia River moves northward when it reaches the ocean, and so is a 
major contributor to the Washington beaches rather than to Oregon. Only the Clatsop 
Plains area immediately south of the Columbia, and basically a part of the delta of the 
Columbia, has that river as its major sand source. 

The Oregon coast is noted for the severity of its wave climate. Wave conditions 
follow a seasonal pattern in response to the changing weather patterns, with the largest 
waves occurring during the winter storms (Figure 2) . Waves from exceptional storms have 
been measured with significant breaker heights up to 7 meters (23 feet) on several 
occasions since 1971 (Komar et al., 1976; Creech, 1977) . One such storm is shown in the 
measurements contained in Figure 2, having occurred on 24-26 December 1972. That storm 
caused appreciable erosion on Siletz Spit (Stop 2) . Ocean wave conditions are measured 
four times daily at the Marine Science Center in Newport by a seismic recording system 
that detects microseisms produced by the waves (Enfield, 1973; Quinn, et al., 1974; 
Bodvarsson, 1975) . 
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Figure 2: Significant wave breaker heights and periods, each datum 
point giving the average for one-third month interval. The dashed 
lines give the maximum and minimum breaker heights during those 
same i nterva 1 s. 

Beaches respond to the seasonally changing wave conditions. During the stormy winter 
months of high waves, sand is eroded from the exposed berm and shifted offshore to be 
deposited in the bars. During the summer months of low waves the sand shifts back on
shore into the berm. Such seasonal cycles of the beach profiles occur on most beaches, 
and have been documented by Aguilar and Komar (1978) on Oregon beaches. One important 
consequence of this cycle is that there is a wide beach during the summer months that 
helps prevent coastal property erosion. Nearly all of our erosion occurs during the 
winter months when the width of the beach is reduced and the waves are able to directly 
attack the coastal property. Byrne (1963) has also shown that landsliding is much more 
common during the winter months, in part for this reason and in part due to increased 
rains. 

Tides on the Oregon coast are moderate with a maximum spring tidal range of about 
13 feet and an average range of 6 feet. The tides are mixed, with two highs and two 
lows each day, with successive highs generally differing in level. 
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Tidal records on the Oregon coast indicate that within the past 34 years the sea 
level has been constant with respect to the land. This contrasts with the East Coast 
where there is an apparent sea level rise, and cases such as Alaska where the land is 
tectonically emerging, giving an apparent sea level drop. The Oregon coast has been a 
tectonically emergent coast, being on a convergent boundary of the Juan de Fuca and North 
American plates. Evidence for this emergence is the terraces visible at many locations 
along the coast. The deposits of these terraces have been dated as late Pliocene to 
Pleistocene (Schlicker, et al., 1973). The absence of any present-day apparent sea level 
rise should limit the erosion problems on the Oregon coast, not experiencing erosion 
under a transgressing sea as does the East Coast. Much of the sea cliff erosion present 
today on the Oregon coast is probably still something of a remnant of the rapid sea-level 
rise ending the last glacial advance. 

STOP 1: JUMPOFF JOE AREA OF NEWPORT 

At this location (Figure 3) the Pleistocene marine terrace is particularly evident, 
as are the well-sorted sands that compose the terrace deposits. The terrace sands overlie 
unconformably the Astoria Formation, marine sandstones and siltstones of middle Miocene 
age (Snavely, 1969; Schlicker, et al., 1973). The contact between the two deposits re
presents the wave-cut base of the late Pliocene to early Pleistocene transgression. 

The strata of the Astoria Formation dip steeply seaward at this location, producing 
a classic example of massive landsliding along bedding planes (Figure 4). Sliding began 
here in 1922, but major displacements occurred in 1942-43 at which time an area of about 
six acres progressively slid seaward, dropping down 20 feet in the process. More than a 
dozen homes and other structures were lost (North and Byrne, 1965; Stembridge, 1975). 
The long-term sea cliff retreat is documented in Figure 3, compiled by Stembridge (1975) 
from old maps (1868) and aerial photos (1939, 1967). 

This is also the former site of Jumpoff Joe, an example of sea cliff and stack ero
sion documented by the many tourist photos of the feature taken over the years (Figure 5). 
Today Jumpoff Joe has been reduced to an insignificant rock nub, observable only at low 
tide. 

The beach here is typical of the major beaches of the Oregon coast. It is fine
grained (Md = 0.2 mm) quartz sand, derived principally from erosion of the terrace sands. 
Because of the fine grain size, the beach slope is low and if any rip current embayments 
are present, they are not cut back far into the beach so as to be a threat to the coastal 
properties. This is in contrast to the coarse sand beach that will be seen at Siletz 
Spit (Stop 2). The beach here has a high content of dark heavy minerals, and for this 
reason is a good location to observe the formation of a variety of sedimentary structures 
under the wave action on the beach (rhomboid ripples, backwash ripples, laminations, etc. ). 
The observations of backwash ripple formation by Broome and Komar (1979) were made just 
to the north of this location. 

STOP 2: S ILETZ SP IT 

Access out onto Siletz Spit is through a key-operated gate (Figure 6), so that per
mission must first be obtained at the brown building immediately adjacent to the gate. 
The development of Siletz Spit began in the 1960's with the construction of an access 
road and the cutting of "lagoons" into the bay-side of the spit. Many of the homes date 
from that period, although construction continues at present. Soon after development, 
the spit suffered a series of erosion episodes, principally during the winters of 1972-73, 
1976-77, and 1977-78 (Komar, 1978; Komar and Rea, 1976; Komar and McKinney, 1977; 
McKinney, 1977; Rea, 1975). The erosion reached its maximum extent in different areas 
of the spit at different times, rather than the entire spit eroding all at once. The 
response has been to place rock riprap (basalt), and today nearly the entire length of 
the spit has been so protected. 

172 



Slipper hck 

PACIFIC OCEAN 

19<,;:-4.3 
NYE BEACII 

Newport, Oregon 
Shoreline Retreat 

1868 - 1967 

500 

9 1QO fill 290 

Kn 
1868 Sho n 
1!68 C11 II 
1939 Cllll 
19 87 Clift 

1981 Short 

Meters 

Near-Short Structuru 

Prt-1839 • 
hMOVId 1939-1961 0 
luilt 1839-1987 • 

Source: 
Stembridge, 1976 
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area of Newport ( Stop l ) as documented by Stembridge 
(1976) from aerial photographs. The property losses 
here are due almost entirely to large landslides. 
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Figure 4: Large landslides in the Jumpoff Joe area of 
Stop 1 (Figure 3). 
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F i gure 5: Progressive erosion of Jumooff Joe (Stop 1). Top photo (c.1880) 
shows i t  sti l l  attached to the land as part of the sea cl iff. The 
l ower photo (c. 1 925) shows Jumpoff Joe as a sea stack. Today l i ttle 
remains of the stack. 
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Figure 6: Locations of stops on Siletz Spit (Stop 2) and at Taft to 
the immediate north (Stop 3). 
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Figure 7: E rosion of Siletz Spit during a storm of 24-26 
December 1972. 

Figure 8: Embayments cut into Siletz Spit by rip currents 
causing erosion shown in Fig. 7. 
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The main stop (Stop 2A of Figure 6) is in an area that was eroded principally during 
the storm of 24-26 December 1972, one of the storms that generated 23-foot high breakers 
(Figure 2). One house under construction was lost, the only home on the spit that has 
been lost due to erosion, and several others were saved only by the rapid placement of 
riprap (Figure 7). Riprap was initially installed only along the seaward sides of the 
homes, and adjacent empty lots were left unprotected. The erosion of course continued 
in the empty lots, flanking the riprap by the homes, necessitating that the houses be 
protected on their sides as well. Several of the homes thereby ended up on promentories 
of riprap extending out into the surf (Figure 7). The erosion proceeded to within a few 
feet of the access road and the utility lines, at which time riprap was finally placed 
in those areas as well. These lots were subsequently restored by scooping sand up from 
the beach. Recently (1979) a new house has been constructed on one of these restored 
lots, to the immediate south of the house shown in Figure 7. 

The beach here is much coarser than at Newport (Stop 1), and there are many obvious 
resulting morphological differences. Commonly present is a considerable irregularity of 
the shoreline trend, there being a series of embayments separated by large cusps (called 
rhythmic topography). The embayments are cut by rip currents, which may be visible from 
the ground but are best seen from the air or in aerial photographs (Figure 8). These 
rip embayments have played an important role in the erosion of the spit. During the 
winter time of general beach retreat, exceptionally large rip embayments may cut entirely 
through the beach width, extending back to the foredunes. This condition is seen in 
Figure 8, the erosion occurring in the landward edge of the largest embayment corresponding 
to the erosion area of Figure 7. Maximum erosion takes place when a major storm occurs, 
the large waves proceeding up the deeper water of such rip embayments with little energy 
dissipation. But the erosion is largely confined to the shoreward area of the embayments 
rather than extending for the entire spit length. 

In a study of aerial photographs (Rea, 1975, Komar and Rea, 1976), such erosion of 
the foredunes due to the combined effects of rip embayments and storms was found to have 
occurred repeatedly in the past. It was also found that following the erosion episode, 

drift logs would wash into the eroded areas, helping to trap sand blown around by the 

winds. In this way the foredunes were naturally restored within a few years. This cycle 
of foredune erosion and reformation occurred repeatly in the past, and the only difference 
in the erosion that has taken place since the 1960's is that homes were constructed in 
this unstable area. The placement of riprap to protect the homes has of course inter
fered with this natural cycle. 

Driving farther north along the spit, there is an area of bay-side erosion where the 
flow of the Siletz River impinges on the spit (Stop 2B of Figure 6). Riprap has been 
placed here to protect the road and one house to the south. This erosion is largely 
natural, but may have been accelerated by the placement of the Siletz Keys landfill in 
the bay to the south of the bridge {Figure 6). That landfill prevents river flood waters 
from spilling over into the south bay, instead directing all of the flow toward the spit. 

STOP 3: TAFT 

Siletz Bay is a classic example of a drowned-river estuary, and the bay inlet is 
typical of those without jetties. Beach sand carried into the bay under flood currents 
slightly exceeds that transported back out under the ebb currents. Thus beach sand is 
permanently deposited in the bay, representing a long-term net loss of sand from the 
beach. At the same time, sands transported down the river are trapped in the bay, not 
reaching the ocean beaches. The source of beach sands is instead mainly from sea cliff 
erosion, especially of cliffs composed of Pleistocene terrace sands. This is indicated 
by the heavy mineral contents of the various source sands, and the degree of rounding of 
the quartz grains (being much higher in the beach sands than in the river sands) 
[Scheidegger, et al., 1980)]. 

The sea cliff here is made up of a thick section of terrace sands, mainly of dune 
orlgln. Up until 1976 this beach was covered with a mass of drift logs which may have 
given some protection to the sea cliff (Figure 9). But it was difficult for people to 
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Fi gure 9: Sea cliff erosion in Taft (Stop 3). Upper photo (1976) 
shows area before most recent erosion with extensive drift log 
accumulation. Lower photo (1978) shows effects of the erosion. 
Inn at Spanish Head in background. 
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use the beach, so in 1976 many of the logs were removed. During the winter of 1977-78 
high spring tides combined with storm waves of 23-foot breaker heights to cause erosion 
all along the coast, including the sea cliff here at Taft (Figure 9). It is difficult 
to determine whether the log removal played any role in the resulting erosion, or whether 
it was due entirely to the unusual severity of the storm. 

The Inn at Spanish Head (Figure 9) at the north end of this beach is partly based 
on a basalt dike so there is little likelihood of it being undermined. But during 
large winter storms, the lower floor commonly becomes awash, with drift logs causing 
considerable destruction. 
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FIELD TRIP NO. 9 

CENOZOIC STRATIGRAPHY OF 

COOS BAY AND CAPE BLANCO, 
SOUTHWESTERN OREGON 

BY 

JOHN M. ARMENTROUT 
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Figure 1 .  Aerial View of Cape Arago Area. a ) Assembly area - Stop 1:  Fl agpole 
View Point. b) Middle Cove. c) South Cove overlook - Stop 2. d) North 
Cove overlook - Stop 3. e) Channel-fill sequence of figure 11. f) Sea Lion 
View Point - Stop 4. g ) Shore Acres State Park - Stop 5 .  h ) Sunset Bay 
State Park - Stop 6.  i ) Gregory Point. j) Mouth of Coos Bay. Photograph 
courtesy of Oregon State Highway Division. 
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FIELD TRIP ROAD LOG FOR THE 
CENOZOIC STRATIGRAPHY OF COOS BAY AND CAPE BLANCO, 

SOUTHWESTERN OREGON 

John M. Armentrout 
1107 Wiltshire Drive 

Carrollton, Texas 75006 

INTRODUCTION 

This two-day field trip is concerned with the Cenozoic stratigraphy of the 
southwestern Oregon Coast at Coos Bay and Cape Blanco ( Fig. 2). The log is pre
sented as two separate mileage sequences. Twelve rock units of early Eocene to 
Pleistocene age will be examined ( Fig. 3). 

The reader is referred to Baldwin (1966, 1974) and Baldwin and others (1973) 
for a description of the Cenozoic formations of Coos Bay and to Beaulieu 
(1971), Roth (1979), and Addicott (in preparation ) for Cape Blanco. The molluscan 
paleontology of Coos Bay is discussed by Dall (1909), Turner (1938), Weaver (1945), 
and Armentrout (1967). Foraminiferal paleontology of Coos Bay is reviewed by 
Bird (1967), Rooth (1974), and Tipton (1975). The molluscan paleontology of Cape 
Blanco has recently been restudied by Addicott ( in preparation ) and Roth (1979). 
Foraminiferal paleontology of Cape Blanco is being restudied and initial results 
are presented in this paper. 

CAUTION: Several of the stops are intertidal areas along sea cliffs. Participants 
are urged to be aware of the time of high and low tides. Caution is urged as 
onshore winds can significantly alter the timing and amplitude of the tide and 
the size of individual waves. The stop sequence should be adjusted to fit the 
tide and weather situations at the time of the field excursion. Many of the stops 
are at sea cliff view points. These areas are underlain by Pleistocene terrace 
sands and are often undercut. Approach all bluffs with great caution. 

Overnight accommodations are available at Coos Bay, Bandon, and Port Orford. 
Campgrounds at Sunset Bay, Bullard's Beach near Bandon, and Cape Blanco are 
operated by the State of Oregon. Contact the State Parks and Recreation Section, 
525 Trade Street, S.E., Salem, Oregon 97310, for information on the seasonal 
schedule and availability of camp sites. 
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COOS BAY SEGMENT 

The Coos Bay f ie l d tri p  segment cons i s ts of a one-day excurs i on of 9 . 8  mi l es 
wi th 1 3  stops ( F i gs .  1 ,  4, and 1 1) .  

The Cenozo i c  geol ogy of Coos Bay cons i s ts of Pa l eocene to P l e i s tocene con
ti nenta l  marg i n  mari ne rocks whi ch were fo l ded into the Coos syncl i nori um duri ng 
Ol i gocene and early Mi ocene time ( Ba l dwi n and others , 1 973 ) . Subsequent Neogene 
depos i ti on i n  the area was confi ned to the axi s of th i s  syncl i nori um ,  a l ong the 
South Sl ough Syncl i ne (Fi gs .  4 and 5 ) ,  The Coos Bay Cenozo i c  secti on measures 
more than 1 2 , 000 feet th i ck ( F i g .  6 ) ,  Pa l eocene un i ts crop out in  the Coast  
Range around the  perimeter of the  Coos syncl i nori um but wil l not  be  vi s i ted 
on the fi el d tri p .  The Seven Cenozo i c  un i ts that wi l l  be v i s i ted are separated 
i n to four unconformi ty bound sequences of rocks:  ( 1 ) Eocene to l ower O l i gocene 
(El kton Si l tstone , Coal edo Formati on , Bas tendorff Formati on , and Tunnel Point 
Formati o n ) ;  ( 2 )  upper l ower to mi ddl e Mi ocene ( Miocene Beds ) ; ( 3) upper Mi ocene 
( Emp i re Formati on ) ;  and ( 4 )  P l e i s tocene ( terrace depos i ts ) .  

M I L EAGE DESCRI PT ION 

Cumul ati ve ( I nterva l ) 

Dri ve to Cape Arago State Park from e i ther North Bend or Coos Bay . The 
route is wel l marked . Cumul ati ve mi l eage wi l l  be started at  Stop 4 . 

0 . 0 Beg i n i nterva l mi l eage at the entrance to Cape Arago State Park . Dri ve 
countercl ockwi se around the park road .  

( 0 . 5 )  
0 . 0  STOP 1 :  FLAG-POLE AREA : Cape Arago State Park.  Park al ong the roadway 

and wal k out to the s tone observat i on area at  the western edge of the Cape 
overl ooki ng Mi ddl e Cove on the south ( Fi g .  1 -a ) . 

Cape Arago consists of Eocene sedimentary rocks fol ded i nto a north
trend i ng anti cl i ne wh i ch i s  now truncated by a coastal terrace . The 
anti cl i ne extends from North Cove to South Cove , and is cut by a normal 
faul t wi th downdroped s trata on  the wes t .  A secondary faul t trends 
through M i ddl e Cove and may i ntersect the pri mary faul t i n  North Cove . 
Res i s tant sandstone of the downfaul ted mi ddl e Eocene Coa l edo Formati on 
form the seaward face of Cape Arago . North Cove and South Cove are eroded 
i nto the earl y Eocene E l kton Sil tstone Member of the Tyee Formation  
( Beaul i eu. 1 971 ) .  The  El kton Sil ts tone i s  di scordantly overl a i n  by the 
Coa l deo Formation  ( Dott and Bird , 1 979 ) .  The E l kton S i l ts tone is abun
dantly mi crofos s i l iferous ( B i rd ,  1 967; Dott and B i rd ,  1 979 ) . Sands tone 
of the Coal edo Fo rmation  contai ns megafos s i l s ,  part i cul arl y  at Mi ddl e Cove 
where sand dol l ars are moderately abundant a l ong wi th numerous mo l l us ks 
( Tu rner, 1 938) . Shal e i nterbeds of the Coa l edo Format ion  are mi crofos s i l 
i ferous ( Roath , 1 974 ) . 

Re turn to the roadway and proceed eastward . 
( 0 . 4 )  

0 . 0 STOP 2 :  SOUTH COVE OVERLOOK :  Park a l ong  the road and wa l k southwest  on 
the terrace surface to the bl uff overl ooki ng South Cove . 

South from Cape Arago the coastl i ne fo l l ows the c l i ff area of the Seven 
Devi l s  area southward a l ong Sacchi  Beach , Aga te Beach , and Merchant ' s  
Beach to F i ve Mi l e  Po i nt .  Beyond F i ve Mi l e  Po i nt i s  the l ong sandy area 
near Whi s ky Run and Bull ard ' s  Beach and fi na l ly the rocky headl and of 
Coq u i l l e  Po i nt at Bandon . On a very c l ear day Cape B l anco can al so be 
seen far to the south . 

180 



Mmb 

Me 

Etp 

Eb 

0 MILES 2 

Bastendorff Beach 

Lighthouse 

Erne \ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

"' ' ' 

--- ....................... 
Elc 

' 
" 

\ 
Miocene Beds Euc Upper Coaledo Fm. 

Empire Fm. Erne Middle Coaledo Fm. 

Tunnel Point Fm. E l c  Lower Coaledo Fm. 

Bastendorff Fm. Ees Elkton Siltstone 

· . . . • .  

Ecu 
N 

Me 

------ Contact 

u 
Fault 

I

D 
Sync line 

Figure 4 . Geol ogic map for Coos Bay area (modified from Bal dwin and others , 1 973). 
Circ l ed numbers indicate fiel d trip stops . 

181 



..... 
z 

:r 
(!)LU 5 z 
..J-
Vl...J 0 
:rz 
1->-:;)VI 
0 If) 

0 1-0 LU ICl LU N lJ.. 

F i g ure 5 .  Geol ogi c cross  secti on of 
South S l ough Syncl i ne (modi fi ed from 
Bal dwi n 1 966 ) . 

COLUMNAR SECTION 
FOR COOS BAY FIELD TRIP SEGMENT 
AGE 

PLEISTO. 

LATE 
MIOCENE 

L.E. & M. 
MIOCENE 

LATE 
EOCENE 

� ? -

MIDDLE 
EOCENE 

EARLY 
EOCENE 

FORMATION 

TERRACE 

EMPIRE 
FORMATION 

1600 FT. 

MIOCENE BEDS 
? 300 FT. 

TUNNEL POINT 
FORMATION 760 I 

BASTEN DORFF 
FORMATION 

2900 FT. 

UPPER COALEDO 
FORMATION 

1370 FT. 
f------- -

MIDDLE COALEDO 
FORMATION 

2940 FT. 

-- ------

LOWER COALEDO 
FORMATION 

1700 FT. 

ELKTON 
SILTSTONE 
> 1000 FT. 

THICK- LITHOLOGY NESS 

-:. .... � 

12.ooo' Hmm;::: 
,�n 

11,000 :.::;;:·:·:·::··:·:.·�··.:·.:·:: ::� � ··: 

---
- ------� - --

.90001 ----- ------

8000' 
-

- - -

- - -- --
- --

-- -
70001 ::����;�� 

� 
60001 ·-·�··· ·.·:: �L=-?--_ 

I� 
5000 f.-.-_-_ 

� e=-=� � 
40001• ----

------ -
---- ---
------

--

01 ---

? 

Fi gure 6 .  Strat i g raph i c  co l umn fo r Coos 
Bay Cenozo i c format ions .  

182 



1-
w 
w 
La. 
z 

w 
c 
� 
1-
1-
...I 
c:c 

500 
400 

300 

200 

100 

0 

QWR 

QP 

,........, 
0.1 MILES 

TEC 

WHISKY RUN TERRACE 

PIONEER TERRACE 

QLU 

ENE 

Figure 7. Coastal Terrace 
Sequence: STOP 2. 
Griggs ( 1945) has mapped 
five coastal terraces 
i n  the vicini ty of Cape 
Arago. This diagram 
shows the rel ati ve 
rel ationship of  the 
four  l ower and more 
vi sibl e terraces wh ich 
can be seen from STOP 
2. The cros s  s ecti on 

QSD SEVEN DEVILS TERRACE 
i s  drawn trending east
northeast. 

(0 . 3 )  

QLU LOWER UNNAMED TERRACE 
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A sequence of fi ve coasta l  terraces can be seen from thi s vantage poi nt 
( Fig . 7 ) .  Gri ggs ( 1 945 )  mapped , named , and cursori ly  descri bed these 
terraces . Ba l dwi n ( 1 945 , 1 966 ) and Armentrout ( 1 967 ) have made observations  
at se l ected key l ocal i ti es .  Cape Arago i s  capped wi th 1 0  to 40 feet of 
col l uvi um and mari ne sands and gravel s of the Wh i s ky Run terrace . At Cape 
Arago the pal eos horel i ne of the Whi s ky Run terrace i s  at an a l t i tude of 
about 95  feet . Southward a l ong the Seven Devi l s  area the promi nent bench 
of the Seven Dev i l s  terrace occurs at  an  a l t i tude of about 300 feet .  Farther 
south , the P i oneer terrace i s  we l l devel oped at  about 1 50 feet above the 
val l ey at  Two Mi l e  Creek whi ch  i s  j us t  north of Fi ve Mi l e  Po i nt .  The 
Whi s ky Run terrace at  1 00 feet e l evati on forms the fl at surface of F i ve 
Mi l e  Po i nt .  The brea k between the P i oneer and Whi s ky Run terraces i s  vi s i bl e  
i n  the coastal  b l uffs between F i ve Mil e Po i nt and Two Mi l e  Creek .  Two 
promi nent hi9h terraces at  a l t i tudes of 730 and 500 feet were unnamed by 
Gri ggs ( 1 945) , and are di ffi cul t to i denti fy at  Cape Arago . 

Large channel s fi l l ed wi th l enti cul ar  sequences of mas s i ve sandstone and 
mudstone can be seen i n  the eas tern cl i ffs of South Cove ( F i gs .  8-9 ) .  
These rocks of the El kton Si l tstone are trans i ti onal strati graph i ca l l y  
from th i ck-bedded , mi d-fan sandy turb i di tes o f  the underl yi ng Tyee Form
ati on to the overlyi ng coa l - beari ng del ta i c  Coal edo Formati on ( Dott and 
Bi rd ,  1 979 ) . Foram i n i fers s uggest a s hoal i ng sequence from upper bathyal 
Tyee faunas to i nner neri ti c ,  upper E l kton faunas . Channel fi l l s  are 
e i ther l ami nated mudstone-s i l tstone i denti cal wi th the channel i zed 
depos i ts or  mas s i ve to fa i ntly para l l el - l ami nated and rarely graded 
l i ght-co l ored sands tones . 

Dott and B i rd ( 1 97 9 )  i nterpret the El kton  S i l ts tone at  Cape Arago as 
s hel f and s l ope depos i ts cut by an array of sea gul l i es wh i ch range i n  
s i ze u p  to 300 feet wi de and 7 5  feet deep .  These gu l l i es may have acted 
as  condui ts of sand from a sandy l i ttoral and del ta i c  zone ( Coal edo 
Formati on- l i ke fac i es )  across  a narrow s hel f and s l ope feedi ng deeper 
mar i ne  turbi di ty currents and other grav i ty fl ows ( Tyee Formati on- l i ke 
fac i es ) ,  whi ch bui l t  s ubsea fans ( Dott and B i rd ,  1 979 ) .  

Return to roadway and proceed north and west back through  the ma i n  entrance 
of  Cape Arago State Park , s topp i ng at  the dri nki ng founta i n  at the north 
end of the mai n parki ng area. 
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0 . 0  STOP 3 :  NORTH COVE OVERLOOK :  Wa l k a l ong the paved tra i l to the north 
end of the p i cni c area . (Fi g 1 -d ) . From vantage po i nts al ong th i s  tra i l 
the geol ogy of North Cove can be seen . 

( 0 . 4) 

The geo l o gy of  North Cove i s  s i mi l a r to that of South Cove . The ea stern 
c l i ffs of the Cove are El kton  S i l ts tone whi l e  the seastacks farthest to 
the west  are Coa l edo Format ion  sandstone . The traverse al ong the North 
Cove beach i s  passabl e even at norma l h i gh ti de .  The tra i l from the Cape 
Arago-North Cove p i cn i c  area descends to the beach . A major  El kton S i l t
s tone channel crops out  at the eas tern marg i n of North Cove ( F i gs .  1 -e and 
1 0 ) .  The channel axi s has been reocc upi ed by a modern s tream wh i ch cascades 
down a prom i nent ri b of  sandstone . The sandstone ri b s tands in marked 
rel i ef compared to expos ures of the same sands tone on ei ther s i de of the 
waterfal l .  The cons tantly wet sandstone may be more eros i onal l y  res i s tant 
than a l ternate ly  wet and dry c l i ff faces to ei ther s i de ( Eh l e n ,  1 967). 
The major "waterfal l "  channel i s  only one of several E l kton S i l tstone 
channel s whi ch occur a l ong the cl i ffs to the north of the waterfa l l .  Sed i 
mentary s tructures i n  the E l kton S i l tstone are exposed on the wave-cut 
terrace j us t  north of the l obate beach north of the waterfa l l .  Pr imary 
s ed imentary s tructures i ncl ude fl ame s tructures , ri l l - type sol emarks , l oad 
features , g roove and fl ute cas ts , i ntercl ast  congl omerates , cl i mb i ng ri ppl e 
l ami nations , fl aser beddi ng , cross-trough s trati fi cati on , l ami nated mud
s tone and s ands tone , and c l asti c di kes . Pal eocurrents are to the northwest .  
Northward, pas t  the  area of Sea  L i on V i ew Po i n t ( STOP 4),  t he  E l kton 
S i l ts tone i s  overl a i n  by mas s i ve tan cong l omerati c sandstones of the 
Coal edo Formati on . 

Return to the No rth Cove parki ng area and l eave Cape Arago State Park on 
State Parks Road .  

0 . 0 STOP 4 :  SEA L I ON V I EW PO I NT :  From th i s  v i ew po i nt ( Fi g .  1 - f) one can 
see the seastacks of North Cove and S i mpson ' s  Reef .  Shel l I s l and i s  the 
l arges t sea s tack of the North Cove group .  

S i mpson ' s  Reef, the farthest offs hore and mos t  el ongate reef ,  dips l andward .  
Mos t  o f  the North Cove sea s tacks di p seaward . These s tructura l atti tudes 
defi ne S i mpson ' s  Reef Syncl i ne ( Eh l en, 1 967 ) . 

0 . 0  START CUMULATIVE  M ILEAGE . Conti nue north o n  State Parks Road .  Road cuts 
a l ong thi s area are i n  al l uv i um and col l uvi um on the back of Wh i s ky Run 
terrace . 

( 1 • 0 )  
1 . 0 Shore Acres State Park : turn l eft i n to the park . Proceed to and park i n  

the ma i n  v i ewpo i nt parki ng area . Wa l k out to the v i ew area a t  the sea 
c l i ff .  

( 0 . 2 )  
1 . 2 STOP 5 :  SHORE ACRES STATE PARK :  Shore Acres ( F i g .  1 - g )  was devel oped as 

a n  es tate by the Lou i s  S impson fami l y ,  promi nent in l umberi ng and s h i p
b ui l d i ng i n  the Coos Bay area . The manor house burned in the l ate 1 930 ' s  
and the estate ( i ncl udi ng the l and of Cape Arago State Park) was donated 
by the S impson fami ly  to the State of Oregon i n  1 942 . 

Shore Acres i s  underl a i n  by the l ower sands tone member of the Coal edo 
Fo rmati on . These strata di p eas tward at  about 40° and are part of the 
eas t l i mb of the Cape Arago Anti c l i ne ( Eh l en ,  1 96 7 ) . Numerous down to 
the south norma l fau l ts trend northwest .  The fi ve coves i n  the park area 
are eroded a l ong zones of wea kness as soci ated wi th faul ts . The l ower 
sands tone member of the Coal edo Formati on i s  about 1 , 300 feet th i c k  i n  the 
coasta l  secti on ( Ryberg , 1 9 78) and thi ckens to 1 ,800 feet to the southeast  
( Al l en and  Ba l dwi n ,  1 944 ) where the  outcrop area of the  Coal edo Formati on 
wraps a round the south end of the South Sl ough Syncl i ne .  The l ower sand
s tone member is predomi nantly fi ne- to medi um-gra i ned , cross- bedded and 
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Figure 9 .  Elkton Silt
stone: STOP 2. This 
telephoto view is of 
the lenticular chan
nel-fill sandstone in 
the channel sequence 
shown in Figure 8 
just to the right of 
the center gully. 

- �-

185 

Figure 8. Elkton Silt
stone: STOP 2. Chan
nel complexes of the 
Elkton Siltstone crop 
out along the eastern 
wall of South Cove. 
This photo shows 
three channels: one 
at the upper left; a 
second lower channel 
cut by the center 
gully; and a third 
just to the right of 
the center �ully 
(see Fig. 9). 

Figure 10. Elkton Silt
stone: STOP 3. This 
photo shows a predomi
nantly siltstone chan
nel-fill in the Elkton 
Siltstone along the 
east wall of North Cove. 
The waterfall at the 
right of the photo cas
cades down a rib of a 
sandstone bed within 
the same channel-fill 
sequence. 



Figure 11. Aerial View of Coos Bay Area. a )  Sunset Bay Sunset Park - Stop 6. 
b) Gregory Point. c )  Lighthouse Beach - Stop 7b. d) Yoakam Point - Stop 7a. 
e) Miner Creek - Stop 7c. f) Bastendorff Beach - Stop 8. g)  Tunnel Point -
Stop 9. h )  Coos Head-South Jetty - Stop 10. i )  Coast Guard Cove - Stop 11. 
j ) Charleston. k) South Slough. 1) Fossil Point. m) Stinky Cove - Stop 12. 
n ) Miocene Rocks - Stop 13. o) North Spit sand dunes. p )  Empire. q )  North 
Bend. r) Coos Bay. Photograph courtesy of Delano Photographics, Portland, 
Oregon. 
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l ami nated sands tones wi th mi nor i nterbeds of s i l tstone and mudstone . At 
Shore Acres the sandstones s tand out as eros i onal ly  res i s tant , concreti onary 
r i bs where the i nterbedded fi ne-gra i ned rocks have been di fferenti al l y  
eroded . Large i ron-cemented concretions  are characteri s t i c  features 
of the l ower Coal edo Formati on . Foss i l s  are abundant  i n  some i nterva l s 
o f  the l ower Coa l edo . Ophi uroi ds ( bri ttl e s tars ) are moderately common 
wi thi n one bed whi ch crops out i n  both the northern and southern coves 
at Shore Acres State Park . 

Shore Acres State Park i s  deve l oped upon the Whi skY Run terrace ( F i g .  7 ) . 
Four to n i ne feet of l i ttoral sand res t upon th i s terrace p l a tform . Whi s ky 
Run terrace sands can bes t be v i ewed from the north end of the vi ewpo i n t  
area . 

Proceed bac k to State Parks Road .  
(0 . 4) 

1 . 6 Turn l eft toward Sunset Bay State Park . 
(0 . 4} 

2 . 0  View a t  1 1 : 00 o ' c l ock  o f  Gregory Po i nt and Cape Arago L i ghthouse ( F i g .  1 - i 
and 1 1 -b}. Gregory Poi nt  i s  underl a i n  by l ower Coal edo Formati on sandstone . 
These sands tones di p northeas tward and stri ke i ncreas i ng ly  more westward 
around the northern end of the Cape Arago Anti cl i ne ( Eh l en ,  1 967 ) . 

( 0 . 5) 
2 . 5  Bri dge across  B i g  Creek .  B i g  Creek heads i n  shal es o f  the Bastendorff 

Formati on to the eas t and cuts through the upper and mi ddl e Coal edo 
Formati on . 

( 0 . 2 )  
2 . 7  STOP 6 :  SUNSET BAY STATE PARK: Park i n  the beach parki ng area . Traverses 

along e i ther the north or south marg i ns of Sunset Bay afford access to 
outcrops of l ower Coa l edo sandstone and mi ddl e Coal edo s i l ts tone and 
mudstone . Access  i s  bes t at  l ow ti de when outcrops of the surf-cut terrace 
are exposed over l arge areas a l ong the north s i de of the cove . Tra i l s  
a l ong the north bl uff of the bay provi de excel l ent  v i ews of the faul ti ng 
of the wave-cut terrace ( beware of undercutti ng of the tra i l s  a l ong 
the b l uff ) . 

Sunset Bay i s  an arcuate bay formed a l ong a comp l ex set of northwest
trendi ng faul ts transverse to the s tri ke of  beddi ng ( F i g .  1 1 -a ) .  Sunset 
Bay is offset 450 feet in a ri ght l atera l sense , between the north s i de 
and south s i de of  the bay . Whether thi s di spl acement  i s  a l ong a s i ng l e 
faul t ,  or a series  of sma l l er faul ts s uch  as those exposed a l ong the bay 
marg i ns ,  i s  unknown . Ori entat ion  of drag fo l ds suggests that the faul t 
moti on was obl i que s l i p  ( Eh l e n ,  1 967} ( F i g .  1 2 ) .  

Ryberg ( 1 978} i denti fi ed several l i thofaci es i n  coarsen i ng upward sequences 
w i thi n the l ower Coa l edo Formati on . Outcrops expos i ng these coarsen i ng 
upward sequences occur a l ong the s hores of Sunset Bay .  The top of each 
sequence i s  genera l l y  i denti fi ed by dark- brown , concreti onary ,  coarse 
pebbly sands tone whi ch forms eros i onal ly  res i s tant  ri bs .  The typ i cal  
sequence from bottom to top i nc l udes i n terdi s tr i butary s i l tstone and 
fi ne-gra i ned sands tone ,  overl a i n  by coarser di s tr i butary channel  ( and 
pos s i bly fl uv i a l ) sands tone wi th i nterbedded l agoon or swamp coal and 
carbonaceous s i l tstone .  These coarsen i ng upward seq uences are i nterpreted 
by Ryberg ( 1 978 )  as  representati ve of the outbui l d i ng of i n d i v i dua l  
d i s tr i butary channel s duri ng progradati on of a del ta . Th i s agrees wi th 
Dott ' s  (1 966 ) del ta i c  model for the Coa l deo Formati on . 

Sedimentary s tructures are we l l devel oped and beauti ful ly  exposed i n  
outcrops a l ong the north s i de o f  Sunset Bay and o n  the cl i ffs and terraces  
beyond the  southwest  edge of the  bay entrance.  Pri mary sed imentary 
s tructures i ncl ude tabul ar ,  trough , wedge and hummockY cross- strati fi cati on , 
r i pp l e cross-s trati fi cati on , and rare fl ute and groove sol e marks . Secondary 
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Figure 12. Coal edo Forma
tion: STOP 6 .  View of 
drag-folds along faults 
i n  the Coaledo Forma
tion. Photo taken at 
low tide from bluffs 
above the north side 
of Sunset Bay. 

structures resulting from gravity deformation of the sediments incl ude 
contorted bedding and flare, and bal l and p i l low structures. Clastic dikes 
and isolated sandstone "l oad-bal l s "  represent l iquification structures. 
Bioturbation incl udes both vertical and horizontal burrows. 

The lower Coaledo is abundantly fossil iferous {Turner, 1938; Rooth, 1974) .  
Mollusks and Forami ni fera dominate the fauna but echinoids, shark 
teeth, and rare crustacean fossil s also occur. The mol l usks suggest 
deposition i n  middle to l ower neritic depths (Rooth, 1 974) .  

Pal eocurrents are predomi nantly to the northwest and mi neralogic studies 
suggest a mixed andesi tic  (e .g . ,  Cascade-l i ke) and metaplutonic (e .g . ,  
Klamath Mountains-like) provenance (Dott, 1966; Ryberg, 1978). This 
fits wel l with Dott•s (1 966) paleogeographic reconstruction for middle 
Eocene time which consists of a broad coastal plain prograding westward 
across a narrow shelf and slope. The coastal p lain  was flanked by highl ands 
on the southeast. The highland incl uded both volcanic and metaplutonic 
terrains. 

Outcrops of the middle member of the Coal deo Formation in  Sunset Bay 
consist of interbedded l aminated sil tstone and mudstone with minor amounts 
of sandstone. Ryberg {1 978) considered this l i thofacies to represent 
intertidal flat and delta front deposits. The abundant moll uscan (Turner, 
1 938) and foraminiferal faunas ( Detling, 1946; Cushman and others , 1947; 
Rooth, 197� represent deepening conditions from outer neri tic just above 
the lower Coaledo sandstones to upper bathyal conditions above. The 
best outcrops and a complete section of the middle Coaledo sil tstones and 
mudstones occurs along Lighthouse Beach at STOP 7 .  

The steeply dipping beds of the Coal edo Formation are truncated by the 
Pl eistocene Whisky Run terrace. The Whisky Run terrace platfon11 and 
presumably the shoreline angle are at an al titude of about 50 feet at the 
rear of the north side of Sunset Bay. The terrace platform along the south 
side of the bay is at 70 feet. The terrace has probably been offset by 
movement along a fault hidden beneath the water of Sunset Bay. 

Tree stumps with root spreads up to 35 feet are exposed along Big Creek 
and in the i ntertidal zone of Sunset Bay beach. One set of root systems 
occurs i n  association with peat toward the north end of the beach. The 
trees could have been growing on the Holocene flood plain of Big Creek 
and drowned as the sea carved out the Sunset Bay amphitheater long after 
sea level attained its present position. Previously unpubl i shed carbon 

188 



(0 . 4 ) 

1 4  data on  one root from a l ong B i g Creek y i e l ds an est imated age of about 
1 , 200 years B . P .  ( Southern Method i st Un i vers i ty Radi ocarbon Laboratory 
Samp l e 593-B8/ 1 2-Count 1 439 : 1 0/ l l / 78 ;  Armentrout , unpub . data ) . 

Return to the parki ng area and proceed north on State Parks Road .  The 
road cl i mbs from the B i g  Creek  Ho l ocene fl ood pl a i n  to the top of the 
Pl ei s tocene Wh i s kY Run terrace . 

3 . 1  Road to the l eft provi des access  to the Cape Arago L i ghthouse o n  Gregory 
Po i nt .  Steep ly  d i p p i ng beds of the l ower Coa l edo sandstone underl i e  the 
poi nt .  

(0 . 6 )  
3 . 7  STOP 7 :  YOAKAM PO I NT - MUSSEL REE F :  Park a l ong State Parks Road and wal k 

northwest al ong a di rt road ; about 1 50 feet from the ma i n  road , bear ri ght 
( north ) at  the Y-j uncti on , and conti nue to the sea c l i ff overl ook area . 

STOP 7A : Looki ng wes tward from Yoakam Poi nt the three members of the Coa l edo 
Formation can be observed . The l ower sandstone member underl i es Gregory 
Po i nt to the wes t  ( F i g .  1 1 - b ) , The mi ddl e muds tone and s i l ts tone member 
has been eroded back formi ng L i ghthouse Beach (F i g .  1 1 -c ) . Yoakam Po i nt 
and i ts s eaward exten s i on ,  Musse l  Reef,  cons i s ts of the upper sandstone 
member of  the Coa l edo Formati on ( F i g .  1 1 -d ) . The cove i mmed i atel y  east  
of Yoakam Po i nt i s  eroded i n  a s i l tstone of the  upper sandstone member 
of the Coa l edo Formati on . The smal l po i nt at  the eas t s i de of thi s cove 
i s  the uppermost  Coa l edo Formati on sands tone . 

The p l atform of  the Gregory Po i nt-Yoakam Po i nt area i s  formed by the Whi s ky 
Run terrace and i s  veneered by about 1 1  feet of l i ttoral sand . At Yoakam 
Po i nt the terrace i s  faul ted wi th the eastern bl ock offset about 1 0  feet 
above the western b l ock .  The faul t trends north-northwest ,  paral l e l to 
the stri ke of the underlyi ng Coa l edo Formati on and appears to be a hi gh
ang l e reverse fau l t (Ba l dwi n ,  1 966 )  ( Fi g .  5 ) ,  The fau l t i s  best observed 
from the beach where the offset of a coa l seam del i neates the fau l t moti on . 

Gri ggs  (1 945 ) has mapped the eas tward conti nuati on of the Wh i s ky Run 
terrace at  the back of Bas tendorff Beach where i t  forms the p l atform as 
far northeast  as  Tunnel Poi nt  ( Fi g .  1 1 - g ) . The P i oneer terrace surface 
forms the p l atform at Coos Head ,  the northernmost  po i nt at  the mouth of 
Coos Bay ( Gri ggs , 1 945 ) ( F i g .  1 1 - h ) . 

Descend to L i ghthouse Beach a l ong the tra i l j us t  south of Yoa kam Po i nt 
and walk to Gregory Po i nt. Stop 7B cons i s ts of a traverse from Gregory 
Po i nt to Yoakam Po i nt .  

STOP 7B : Gregory Po i nt i s  formed of uppermost  l ower Coa l edo sandstone 
1nterpreted to be del ta i c  d i stri butary channel depos i ts ( Ryberg , 1 978 ) . 
The sands tone i s  conformably overl a i n by mi ddl e Coa l edo s i l ts tone , mudstone 
and th i n ly bedded sandstone i nterpreted by Ryberg ( 1 978 )  as  i ntert i da l  
f l a t  to  del ta front depos i ts .  Th i ck channel i zed mas s i ve sandstone occurs 
at  severa l  i nterva l s wi th i n  the fi ner grai ned sequence and i s  i nterpreted 
as prodel ta front s l ump depos i ts ( proxi ma l  turb i di te or g ra i nfl ow gravi t i te ) .  
A whi te tuff 3-to 6-feet-th i ck occurs j us t  above the mi ddl e part of the 
m i ddl e Coal edo member at L i ghthouse Beach . 

At severa l  poi nts a l ong Li ghtho use Beach the truncated ends of mi ddle 
Coa l edo sandstone beds at the abras i on surface of Wh i s ky Run terrace are 
bored by roc k- bori ng cl am s ,  These features wi l l  be exami ned i n  deta i l  
at  STOP 1 1 .  

The mi ddl e Coa l edo Formati on muds tone and s i l tstone i s  gradati onal wi th 
the overl yi ng upper Coa l edo sands tone . Upper Coa l edo sandstone uni ts 
are very s i mi l ar to those of the l ower Coa l edo , representi ng fl uvi a l  and 
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(0 . 2 )  

d i s tri butary channel depos i ts i nterbedded wi th fi ner gra i ned muddy un i ts 
of  l agoon and ti da l  fl at depos i ts .  A s i ng l e ten-foot-th i ck coal crops 
out  between th i ck sandstone ri bs at  Yoakam Po i nt and represents coa ly  swamp 
depos i ts .  J u st  above th i s  coa l seam i s  a sandy i nterva l wi th mol l uscan 
foss i l s  i ncl udi ng the bracki s h-water oyster Os trea ( Roath , 1 974 ) . 
Ryberg ( 1 978 )  s ugges ts that these fos s i l i ferous , poorly sorted , cross 
s trati fi ed sandstones wi th i rregu l ar basal and top contacts are es tuari ne 
depos i ts .  Severa l coarsen i ng upward s equences occur wi thi n the upper 
Coa l edo sands tone sequence near Yoakam Po i nt .  

Benth i c  forami n i fera l a n d  mo l l uscan as sembl ages from the Coa l edo Formati on 
s uggest neri ti c depths for the l ower and upper sandstone members and 
l ower neri ti c to bathyal depths for the mi ddl e s i l tstone/mudstone member 
(Roath , 1 974 ) . 

STOP 7C : Return to State Parks Road . Wa l k  downh i l l  to the north and 
west  a l o n g  t h e  c l i ff at the southwestern end of Bas tendorff Beac h .  Enter 
the cove at  the northeast  end of Yoa kam Point .  

The uppermost  uni ts of the  Coa l edo Formation crop out above Yoakam Po i nt 
as a deep reentrant cove and a narrow sandstone po i nt .  The cove i s  eroded 
i n  muds tones and s i l tstones of  mari ne ori g i n .  Prode l ta foreset and t i da l  
fl at-l agoonal depos i ts coarsen i ng upward into fl uvi al and d i stri butary 
channel sands tones form the uppermost Coa l edo sandstone po i nt ( Ryberg , 
1 978 ) .  

Traverse back toward State Parks Road a l ong the c l iffs at  the south end of 
Bastendorff Beach .  Al ong this traverse i s  the gradati on from Coa l edo 
Fo rmat ion  sands tone to Bas tendorff Beach shal e .  The Coa l edo sandstones 
are pri nci pal l y  wel l -bedded barri er bar or  beach deposits i nterbedded 
with s i l ty prodelta , foreset sandstone and s i l ts tone coupl ets ( Ryberg , 
1 978 ) . These uni ts are poorly exposed and the overl yi ng Bastendorff 
Formation  s hal e has been l argely eroded out a l ong the va l l ey of Mi ner 
Creek ( Fig . 1 1 -e ) . 

Return to the park i ng area and dri ve northwest a l ong State Parks Road .  
The  road descends from the  p l a tform of Wh i sky Run  terrace to  the 
Ho l ocene fl ood pl a i n of Mi ner Creek .  T he  broad val l ey of Mi ner Creek 
is formed in the eas i ly  eroded sha l es of the Bas tendorff Format i on . 

3 . 9  Ahead at  1 : 00 o'cl ock the h il l s i de exhi bits acti ve s l ump i ng or s l ump-
earthfl ow typi ca l  of areas underl a i n  by the Bas tendorff Format ion .  

(0 . 1 ) 
4 . 0  Turn l eft onto Bas tendorff Beach Road .  

T he  road ascends to  t he  Whis ky Run terrace surface . 
(0 . 3 )  

4. 3 STOP 8 :  BASTENDORFF BEACH VI EWPOINT : Park at  the v i ewpo i n t  across the 
�rom Bas tendorff Beach County Park Campground ( Fi g .  1 1 - f ) . 

From th i s  v i ewpoi nt one l ooks west  to Yoa kam and Gregory Po i nts formed 
upon sands tones of the Coa l edo Formati on and eas t to the bl uff of Tunnel 
Po i nt .  Bas tendorff Beach has accreted for the mos t  part s i nce constructi on 
o f the So uth Jetty at  the mouth of Coos Bay . 

The l owermost o utcrops of the Bas tendorff Formation  are to the southwest 
of  the v i ewpo i nt and can be reached a l ong  the  bas e of the b l uff. These 
o utcrops cons i s t  of  m i ddl e Bastendorff Formati on i nterbedded sandstone 
a nd s ha l e .  
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(0.2}  

Figure 13.  Bastendorff 
Formation : STOP 8. 
Interbedded claystones , 
si l tstones and ash 
l ayers of the Basten
dorff Formation are 
truncated and weather
ed at the abrasion 
surface of the Whisky 
Run Terrace. 

Upper Bastendorff Formation shale crops out along the Bastendorff Beach 
road about 50 yards north of the viewpoint (Fig. 1 3 ) .  The road cut outcrop 
exposes the i nterbedded, finely laminated, dark-gray sil tstones and mudstones 
with thin yel l owish-grey-weathering tuff beds. Mi crofossi l s  and rare 
sma l l  mud-pectens occur within these rocks. Forami niferal faunas suggest 
bathyal to abyssal depositional envi ronments sha l l owing upsection to upper 
bathyal to neritic envi ronments toward the top of the Bastendorff Formation 
(Rooth, 1 974; Tipton, 1 975).  

At the top of the outcrop the Bastendorff Formation shales are truncated 
by the wave-cut platform of the Whisky Run terrace. The terrace surface 
was bored by clams. The borings can be found i n  several locations along 
the outcrop bl uff where the borings in the Bastendorff shale are fi l led 
by terrace sands. 

Return to the beach overlook and continue driving north along Bastendorff 
Beach Road. 

4 . 5  View ahead is  o f  Tunnel Point to the immediate right and Coos Head and 
the South Jetty at the inlet to Coos Bay i n  the di stance (Figs. 1 1 -g and 
1 4 ) .  

(0.2)  
4 . 7  STOP 9 :  TUNNEL POINT: Park i n  the turnout to the left. The Tunnel Point 

Formation forms the old sea c l iff to the southeast of the parking area. 
A trail along the base of the bl uff provides access to the outcrops. 

The basal sandstone of the Tunnel Point Formation forms the stri kewall  
at the contact between the Bastendorff and Tunnel Point Formations. The 
point formed in this basal sandstone is supported by a 10-inch-thick, 
highly fossi l i ferous concretionary bed. Upsection from this basal sandstone 
the Tunnel Point Formation consists of poorly bedded , fine-grained, tuf
faceous sandstone and sandy s i ltstone. The formation is fossi l iferous 
throughout with a moll uscan fauna dominated by pel ecypods. The fauna is  
indi cative of  the Galvinian Stage (Armentrout, 1 975a) and suggests 
depos ition within the neri tic zone. 

The dipping strata of Tunnel Point are truncated by the abrasion platform 
of the Whi sky Run terrace. Griggs (1 945) mapped the Whisky Run terrace 
continuously to the west as far as Cape Arago. East of Tunnel Point, he 
mapped the terrace pl atform capping Coos Head as the Pioneer terrace. 
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Figure 14. Tunnel Point Forma
tion. STOP 9 .  This view 
of Tunnel Point i s  toward 
the northeast across Basten
dorff Beach . The cl i ff 
face i s  formed in the basal 
sandstone of the Tunnel 
Point Formation. 

Fi gure 15. Tunnel Point 
Cave: STOP 9. The 
Tunnel Point sea cave 
formed prior to the 
accretion of Basten
dorff Beach. The sea 
cave has maximum dim
ensions of 118 feet 
deep, 49 feet wide, 
and 23 feet high .  

(0. 1 )  

Tunnel Point received its name from the occurrence of a large sea cave 
within the main point of the l ower Tunnel Point Formation (Fig. 15 ) .  
The cave was formed by sea cl i ff erosion prior to  the construction of 
the South Jetty at the mouth of Coos Bay which ini tiated the accretion 
of Bastendorff Beach. The sea cave can be entered at the southeast end 
of the western face of Tunnel Point. A second entrance eroded along a 
shaly i nterval within Tunnel Point was blocked about 1963 by blocks of 
rock fal l i ng from the passage roof. Blocks of sandstone frequently fall 
from the cei l ing and extreme caution 1s urged upon entering the cave. 

Return to the parking area and proceed northeast on Bastendorff Beach 
Road. 

4.8 Late Miocene Empire Formation sandstone forms the bl uff ahead. The 

( 0 . 1 )  

densely vegetated val l ey to the right, down which Coos Head Road descends, 
is formed on a sl umped, faulted i nterval in the upper Tunnel Point Formation 
{Weaver, 1945 ) .  The contact between the 70° east-dipping Tunnel Point 
Formation and the 30° northeast-dipping Empire Formation occurs somewhere 
i n  this val l ey.  
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4 . 9  J uncti on of Bastendorff Beach Road and Coos Head Road .  Turn l eft . 
(0 . 1 ) 

5 . 0  The cl i ffs to the ri ght  are concreti onary sands tones of the Emp i re 
Formati on . 

( 0 . 2 )  
5 . 2  STOP 1 0 : COOS HEAD AND SOUTH J ETTY : Park a t  the l andward end o f  the 

(0 , 2 ) 

jetty and wal k to the east end of the concrete core of the jetty . The 
v i ew from th i s  po i nt i ncl udes the North Jetty and North Jetty Dunes Area 
acros s  the mouth of Coos Bay , and  to the eas t ,  Coos Head ( F i gs . l l " h and l l "o ) . 
An o l d  (and  very dangerous ) ra i l road tunnel can be seen at the southeast  
corner of the cove at  the e nd  of the j etty . Bu i l d i ng rock  and other 
materi a l s were brought to the j etty area v i a  th i s  tunnel . 

Some of the South Jetty f s  cons tructed of bl ocks of vol can i c  brecc i a .  Thi s 
brecc i a  i s  from q uarri es east and north of Coos Bay where l ocal  centers 
of vol can i sm formed duri ng depos i ti o n  of the Roseburg Format ion  of the 
Umpqua Group (Ba l dwi n ,  1 974 ) . The vol can i cs are characteri st i cal l y  fi ne" 
gra i ned , p i l l owed or  brecc i ated cal c"al kal i c  basa l ts ( Bal dwi n and others , 
1 973 ) . These l ocal Roseburg Formati on basal ts are compos i ti onal l y  and age 
equ i va l ent to the early Eocene S i l etz Ri ver Vol can i cs to the north . The 
basal ts genera l ly  have a ch l ori ti zed groundmass  and cavi ty-fi l l i ng zeo l i tes . 

The rocks of the Emp i re Formati on formi ng Coos Head are mas s i ve bi oturbated 
foss i l i ferous sandstone wi th abundant fos s i l i ferous concreti ons . At the 
upper l eft corner of the rai l road tunnel and northwest  al ong the cove wa l l  
i s  a s i ng l e waterl a i d tuff bed . Thi s tuff crops out i n  the Emp i re Formation  
on ly  a l ong the  west  l i mb of South  Sl ough  Syncl i ne .  

Sandstone of the Emp i re Formati on i s  truncated by the P i oneer terrace 
p l a tform at an  e l evati on of about 72 feet above sea l evel . 

Return to the veh i cl es and proceed back a l ong Coos Head Road .  

5 . 4  Pass  the j uncton o f  Coos Head and Bas tendorff Beach Roads , conti nu i ng 
on Coos Head Road .  

( 0 . 4) 
5 , 8  Pass  Coos Head Naval Faci l i ty and turn l eft onto the gravel "surfaced road 

paral l el i ng the fenced peri meter of the Naval Faci l i ty .  The road i s  on the 
P i oneer terrace .  

(0 . 2 )  
6 , 0  Bear ri ght a t  Y i n  the roa d ,  The road to the l eft o f  the Y goes to Coos 

Head Lookout , overl ooki ng the mouth of Coos Bay .  
(0 . 5 )  

6 . 5  J u ncti on a t  Boat Bas i n  Dri ve .  Uni vers i ty o f  Oregon I ns ti tute o f  Mari ne 
B i o l ogy on ri ght - Oregon State F i s h  and Wi l dl i fe Commi s s i on fac i l i ty on 
l eft . Turn l eft . 

( 0 . 1 ) 
6 . 6  STOP 1 1 :  COOS HEAD - COAST GUARD HOUS I NG FAC I L I TY :  Park i n  the area of 

the j uncti on of Boat Bas i n  Dri ve and Al aska Packers Road .  Wal k north al ong 
the extens i on of Boat Bas i n  Dri ve for about 1 00 yards to a sma l l cove wi th 
a concrete j etty ,  j u s t  past some Un i vers i ty of Oregon research l aboratory 
bu i l d i ngs . Permi s s i on for access  s hou l d be obta i ned from the Di rector ,  
Oregon I nsti tute of Mari ne B i o l ogy , Charl eston , Oregon 97420 , 

Wa l k  to the seaward end of the concrete j etty . From thi s vantage po i nt 
the wave-cut p l atform can be seen on the truncated Emp i re Format ion  at 
Coos Head ( F i g .  1 6 ) .  At the northern po i nts of Coos Head , the terrace 
p l a tform i s  at an e l evati on of about 72 feet above sea l evel . The pl atform 
descends to an  el evation  of about 1 0  feet above sea l evel at  the l and-
ward end of the jetty . The terrace depos i ts ,  l i ttora l and aeo l i an sands , 
thi cken to the east as the wave-cut pl atform des cends , keep i ng the top 
of the terrace depos i ts at nearly the same e l evati on . Thi s rel ati onsh i p 
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Figure 16.  Coos Head: STOP 11 . This view, from the end of the jetty at 
the old Coast Guard dock at Coos Head, shows the terrace surface descending 
from an elevation of about 72 feet to the right at Coos Head, to about 1 0  
feet at the l andward end o f  the jetty. 

Figure 17. Bored Terrace 
Surface: STOP 1 1 .  The 
abrasion surface of the 
marine terrace at STOP 
11 is bored by the pele
cypods Penitel l a  (l arge 
conical borings) and 
Adula (small cyl indri
carlborings with a 
heart-shaped cross 
section. 

suggests deformation after platform erosion and before terrace deposition, 
or differential terrace fi l l  on original  topography of the wave-cut platform. 
Terrace stratigraphy along the axis of South Slouth Syncl ine i s  complex 
reflecting a history of warping, tectonic uplift, sea level fluctuation 
and pal eotopography. This stop provides one exampl e  of the complexity. 
Griggs ( 1 945) considered the terrace surface at the landward end of the 
jetty to be the Ylhisky Run terrace. The terrace surface at the top of 
Coos Head i s  mapped as Pioneer terrace (Griggs, 1945). The wave-cut platform 
at Coos Head appears to ascend continuously from the Whisky Run terrace to 
the Pioneer terrace. Obviously further work is required to unravel the 
terrace sequence stratigraphy. 

At the l andward end of the jetty the terrace abrasion platform i s  exposed 
reveal ing a densely bored surface (Fig. 1 7 ) .  Large spindle-shaped borings 
of pholad clams (Peni tel l a )  and smaller cross-sectionally heart-shaped 
date-mussel borings (Adula) are abundant. The boring pholads penetrate 
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(0.6) 

Figure 18.  Empire Forma
tion-Fossil Point: 
STOP 12. Fossil Point 
consists of a fossi l i 
ferous i ntraformational 
conglomerate within 
the Empire Formation. 
This view to the south
west is of the updip 
side of the congl omer-
ate where the erosional 
basal contact i s  well 
exposed. 

eroded rock surfaces creating a host of small cavities. These cavities 
provide l i ving space for an endo l ithic community of organisms. Modern 
communities of this type have been studied at Coos Bay (Evans, 1967) , and 
analogous late Plei stocene fossil assemblages are known at several 
localities along the Oregon coast (Armentrout, 1975b). 

Return to vehicles and drive southeast on Boat Basin Drive past the Oregon 
Institute of Marine Biology i nto Charleston. 

7 .2  Charleston, junction of  Boat Basin Drive and State Parks Road at west end 
of South Slough Bridge. Turn left onto bridge (Fig .  11-j ) .  

( 0 . 1 )  
7 . 3  Center o f  South Slough Bridge - axis o f  South Slough Syncline. 

(0.2) 
7 .5  Bl uff outcrop to the right of the road i s  8 feet of strongly weathered 

aeol ian sand, overlying a well -preserved, weakly developed podzol . The 
soil i s  developed on complexly cross-stratified fine to medium sand. The 
sand occurs in 8- to 16-inch-thick sets that have foreset bedding dipping 
both north and south, parallel to the axis of South Slough. Some of the 
sets are separated from one another by two- to four-inch-thick, laterally 
persistent beds of fine gravel . The cross-strata were probably produced 
by al ternating tidal currents along the axis of a "paleo-slough" (R. Janda 
pers . commun. , 1979). Exposures farther to the east and south show that 
these sediments extend at least to present sea level. 

(0. 7) 
8. 2 To the left of the road i s  a sma l l  cove (difficult to see through the 

dense vegetation). It  is along the southwest side of this cove that the 
upper congl omerate of the Empire Formation crops out. The outcrops can 
be reached along the beach. 

(0 .3)  
8.5  Fossil Point (Fig.  11-1) i s  located along the bay opposite the side road 

i ntersection just north of the Barview grocery. One must go through private 
property to reach the point from here, or walk the beach at low tide from 
the Pigeon Point area to the north (STOP 12) .  

(0.4) 
8.9 STOP 12:  STINKY COVE - FOSSIL POINT AREA: Park off the main road and 

walk out to the point at the southwest margin of the small  cove, locally 
known as "Stinky Cove" for the abundant accumulations of seaweed (Fig .  11-m). 
Pi geon Point i s  the low point to the north of the cove. The stop consists 
of a hal f-mi le traverse south along the beach to Fossil Point (Fig.  18) . 
The traverse takes about an hour and a half and i s  best taken at low tide. 
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( 0 . 2 )  

Once Fos s i l  Po i nt i s  reached a sma l l " scramb l e• tra i l a t  the eas t  end of 
the Po i nt provi des acces s to the top of the outcro p .  

Outcrops from Sti n ky Cove southward are mas s i ve sandstones of the Emp i re 
Formati on . The exposures cons i s t  of a wave-cut p l a tform . exposed at l ow 
t i de ,  wh i ch i s  grooved by n umerous  dra i nage channe l s fo l l owi ng fractures 
i n  the sands tone . Concreti onary i nterva l s rough ly  dep i ct bedd i ng .  The 
s trata stri ke N. 5° W .  and d i p  west  at  about 1 2° .  Mo l l uscan and vertebrate 
fos s i l s  are common a l ong th i s  i nterva l . The sands are extens i ve ly  b i o
turbated and trace fos s i l s  i nc l ude s i l ts tone cored vert i ca l  burrows and 
obl i q ue graz i ng traces . The foss i l i ferous congl omerate at Fos s i l Po i nt 
i s  known as the Coos Congl omerate ( Da l l ,  1 909 ) . The Coos Congl omerate 
i s  36 feet thi c k ,  has an eros i onal bas e ,  and has been traced bayward and 
upsecti on where i t  grades i n to the typi ca l  sands tone of the Emp i re Format ion  
(Armentrout , 1 967 , 1 973 ) . 

Armentrout ( 1 967) compared the Coos Co ng l omerate to modern beach depos i ts 
a l ong the Fos s i l Po i nt-P i geon Po i nt area and noted the fo l l owi ng common 
characteri st i cs : channel ed basal  contacts ; i n terfi ngeri ng wi th 
beach sands ; cobb l es and bou l ders of  foss i l i ferous l ower Empi re Format ion  
sands tones ; rounded beach pebbl es and cobbl es of  chert , basal t ,  and 
q uartz i te in a l i th i c  fel dspath i c  sand matri x ;  and foss i l s  eroded from 
the Emp i re Formati on mi xed wi th bro ken s hel l s  of the contemporaneous s hal l ow
water fa una . Armentrout  ( 1 973� i nterpreted the Coos Congl omerate , and a 
s i mi l ar congl omerate h i gher i n  the Emp i re Formation  south of Fos s i l Po i nt ,  
a s  i ntraformati onal depos i ts formed i n  l i ttora l  to sub l i ttora l ti da l channe l s 
j us t  seaward of  a pal eos hore l i ne ,  essenti a l ly  para l l e l wi th the modern 
eas tern marg i n  of Coos Bay . 

The mol l uscan fauna of the Emp i re Formati on was ori g i na l ly  s tudi ed by Da l l 
( 1 909 ) .  Recent b i ostrati graph i c  analys i s  of the Empi re fauna as s i gns i t  to 
the Wi s hkahan Stage of l ate Mi ocene age ( Add i cott , 1 976 ) . The fauna i s  
i nterpreted as bei ng depos i ted i n  i nner s ub l i ttora l envi ronments (Armentrout , 
1 967 ) . Vertebrate fos s i l s  from the Empi re Format ion  are d i scussed by 
Ray ( 1 976 ) . 

The s hore l i ne bl uffs between Sti nky Cove and Fos s i l Po i nt are truncated 
by a mari ne terrace refered to as the Wh i s ky  Run terrace by Bal dwi n ( 1 966 ) .  
The ero s i onal p l a tform of thi s terrace has been bored by phol ads . The 
s p i ndl e-s haped bori ngs of these cl ams can be seen at several l ocati ons 
a l ong the travers e ,  espec i a l ly  j us t  southwes t of the top of  the Coos 
Congl omerate at  Foss i l  Po i nt ,  and a t  the poi nt formi ng the southwest s i de 
of  Sti nky Cove . 

Return to the S t i n ky Cove park i ng area and proceed northeast  on State Parks 
Road toward Coos Bay . 

9 . 1  P i geon Po i nt road o n  the l eft . Pi geon Po i nt i s  formed o f  Empi re Fo rmati on 
sands tone . 

( 0 . 3 )  
9 . 4  P l e i s tocene dune outcrop o n  the ri ght .  

( 0 . 3 )  
9 . 7  Immedi ately bel ow th i s  po i nt a l ong the beach are outcrops o f  the basal 

Emp i re Fo rmati o n .  
( 0 . 1 ) 

9 . 8  STOP 1 3 :  M IOCENE BEDS : Park a l ong the s houl der of  the roadway and descend 
to the beach via any one of the severa l steep tra i l s  ( F i g .  1 1 -n ) .  Th i s  
s top must  be made a t  l ow t i de .  

Once a t  the beach , l ook  north toward S i tka Doc k .  In the i mmedi ate fore
g round , at  l ow ti de ,  are severa l rows of barnacl e and seaweed-covered con
creti ons exposed between the sand beach and bay mud ( Fi g .  1 9 ) .  These 
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Figure 20. Miocene Beds : 
STOP 13. This closeup 
photo shows Patinopec 
ten oregonensis can
ceTlosus {Moore)-a
fossil commonly found 
i n  the concretions of 
the Miocene Beds of 
Coos Bay. 

Figure 19. Miocene Beds: 
STOP 13. Outcrops of 
upper l ower to middle 
Miocene concretionary 
sandstones, shown i n  
this low tide photo , 
occur as bay bottom 
exposures between the 
sand beach and bay 
bottom muds. The pulp 
plant i n  the distance 
at Sitka Dock i s  cur
rently abandoned. 

concretions and the enclosing sandstone, which crop out on the bay bottom, 
are the "Miocene Beds" of Coos Bay (Armentrout, 1967, 1978; Baldwin, 1966 ) .  
The "Miocene Beds" are highly fossi l i ferous with a moll uscan fauna assigned 
to the late early to middle Miocene Newportian Molluscan Stage (Addicott, 
1976; Armentrout, 1978). The concretions often have very large pectens 
within { F i g .  20) .  Pal eoecologic analysis suggests deposition i n  warm
temperate waters of less than 1 80-foot depth (Armentrout, 1967, 1978; 
Moore, 1963). 

Along the beach southeast of this outcrop area are basal beds of the late 
Miocene Empire Formation. About 1 0  feet of crossbedded sandstone crop out 
below a prominent highly fos s i l i ferous concretionary zone. The lowermost 
Empire Formation sandstone overl ies the upper lower and middle Miocene 
beds with s l i ght angular di scordance. 

Return to the vehicles. This completes Day 1 of the field tri p .  Day 2 
begins at the Cape Blanco Road turn off on Highway 1 01 ,  46 miles south of 
Coos Bay and 4.5  miles south of Port Orford. 

197 



Figure 21. Aerial View of Cape Blanco Traverse. a )  Jurassic Otter Point Forma
tion. b) Late Miocene Empire Formation. c) Cape Blanco Coast Guard facil ity. 
d) Eocene Shales - Stop 4.  e) Miocene Sandstones - Stop 6. f) Fin  Rock 
Mi ocene Sandstones - Stop 7. g) Terrace Fossil Beds - Stop 3. h )  View Point 
- Stop 2 .  i )  Cape Bl anco State Park Campground. j )  Gol dwasher' s Gully 
Stop l l .  k) C l iff at Stop l2.  1 )  Cl iffs at Stops l 3-15. m) Mouth of Elk 
River. n) Port Orford. o) Humbug Mountain.  Photograph courtesy of Oregon 
State Hi ghway Division. 
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CAPE BLANCO SEGMENT 

The Cape B l anco fi e l d tri p segment cons i sts of a one-day excurs i on .  Thi s 
segment s tarts on Hi ghway 1 01 ,  46 mi l es south of Coos Bay at the j uncti on wi th the 
Cape B l anco Road ( F i g .  2 ) . The road l og i s  4 . 4 m i l es l ong w i th one stop and i s  
fol l owed by a two mi l e  beach traverse w i th 1 4  cl i ff exposure s tops ( F i gs .  2 1 -23 ) . 
Ti des are not a probl em a l ong the beach traverse .  An access road i n tersects the 
beach traverse at  the hal f-way po i nt :  Go l dwas her ' s  Gul l y .  Thi s road i s  acces s i bl e  
duri ng summer months v i a  the paved State Park campground road sys tem , and duri ng 
the wi nter months v i a  an  unpaved ranch road at  the po i nt of mi l eage 4 , 0 .  

The Cenozo i c  geol ogy o f  Cape B l anco cons i s ts of Eocene to Pl e i s tocene , con
ti nental marg i n ,  mar i ne and non-mari ne rocks . The secti o n  cons i sts of s i x  rock 
uni ts and meas ures approximately 1 , 220-feet-th i ck ( F i gs .  3 and 22 ) . The s i x  un i ts 
are separated i nto fi ve unconformi ty-bounded sequences of rock :  1 ) Eocene ( Roseburg 
Formati on , Ba l dwi n and others , 1 973 ) ; 2 ) l ate earl y to mi ddl e Mi ocene (Sands tone 
of F l oras La ke , Addi cott , i n  preparati on ) ; 3 ) l ate Mi ocene ( Emp i re Formati on as 
res tri cted by Addi cott , i n  preparati on ) ; 4 ) P l e i s tocene [Port Orford Formati on , 
Ba l dwi n ( 1 945 ) , and E l k R i ver Beds of Bal dwi n ( 1 945 ) as restri cted by Addi cott 
( 1 964 ) and C l i fton and Boggs ( 1 970 ) ] ; and 5 ) l ate P l e i s tocene [terrace depos i ts of 
Addi cott ( 1 964 ) and C l i fton and Boggs ( 1 970 ) ] . 

M I LEAGE DESCRIPTION 

Cumu l a ti ve (i nterval ) 
Dri ve Hi ghway 1 01 to the Cape B l anco Road 46 mi l es south of Coos Bay and 
4 . 5 m i l es north of Port Orford . Mi l eage s tarts at  the turn-off from Hi ghway 
1 01 to Cape Bl anco . 

0 . 0  Headi ng west toward Cape B l anco the road traverses the s urface of a l ate 
P l ei stocene mari ne terrace . D i tch-cuts expose  berm and bac k beach sed i ments . 

( 0 . 5 ) 
0 . 5  Road descends to the back  edge of  another l ate P l e i stocene mari ne terrace . 

(0 . 3 ) 
0 . 8  Smal l mounds on  e i ther s i de o f  the road are former sea stacks o f  the J ur

as s i c Otter Po i nt Formati on whi ch protrude through the terrace-surface .  
Surfi c i a l  depos i ts a re mos tly a l l uv i um .  

( 1 . 7 ) 
2 . 5  Road descends over two a l l uv i a l terraces to the S i xes Ri ver fl oodpl a i n .  

(0 . 9 ) 
3 . 4 ) Roadcut outcrops of dark-gray rocks are J uras s i c Otter Po i nt Format ion . 

(0 .  1 ) 
3 . 5  STOP 1 :  TERRACE DEPOSITS : Park a l ong the turn out to the ri ght o f  Cape 

Bl anco Road. A road-cut on the south s i de of  Cape B l anco Road exposes an 
excel l ent sequence of foreshore and surf zone sandstone and congl omerate 
( R .  Janda , pers . commun . ,  1 979 ) . These rocks occur at the top of a 
regress i ve sequence of terrace depos i ts res ti ng on a surf cut p l a tform . 

(0 . 5 ) 
Conti nue toward Cape B l anco . 

4. 0 A d i rt road to the l eft provi des access to the beach at Gol dwasher ' s  Gul l y .  

(0 .  2 ) 

Th i s  i s  a pri vate ranch road and care must be taken to l eave a l l gates 
c l osed , and to dri ve s l owly . When us i ng thi s d i rt road ta ke the fi rst  
r i ght  turn after the  second gate  to  reach the  beach .  

4. 2 Entrance road to Cape B l anco State Park Campground . Thi s campground i s  
o pen only duri ng the s ummer season . 
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( 0 . 2 )  
4 . 4  STOP 2 :  CAPE BLANCO HEADLAN D :  V I EW PO I NT :  Park a l ong the d i rt-turnout 

o n  the south s ide o f  the Cape Bl anco Road .  Wa l k south a l ong the bl uffs 
to the fenced area above the c l i ffs , 1 /4 mi l e  from the road ,  s topp i ng at 
the corner of the fence ( F i g .  2 1 - h ) . From th i s  vantage po i nt ,  the 
s trati graphy of Cape B l anco i s  v i sabl e .  Use fi gures 21  and 24 to i dent i fy 
the uni ts .  Of partucul ar note i s  the shel l bed at the base of the terrace 
sequence . The shel l bed i s  l ocated off to the ri ght , i n  the cl i ff top 
a l cove , above the s l umped area of  the neck of Cape B l anco ( Fi gs .  25-26 ; 
STOP 3 ) .  

Wa l k back north a l ong the bl uff and descend downward th rough the terrace 
depos i t  seq uence to the s he l l beds . 

STOP 3 :  TERRACE SHELL BEDS : Two mol l uscan faunal assembl ages occur wi thi n 
�sal mari ne transgress i ve fac i es of a l ate P l e i s tocene coastal terrace 
depos i t  exposed i n  the c l i ffs j us t  south of the neck of Cape B l anco ( F i gs .  
2 1 -g and 25-26 ) ,  I n i ti a l  popul ation  of the s urf-cut terrace pl atform was 
by the pel ecypods Peni tel l a  �ini ta and  Z i rfaea pi l s bryi that bored i n to 
l i th i fi ed and concret1 onary ocene sandstone ( sandstone of Fl oras Lake ) , 
The bori ngs prov i ded n i ches for a s ubsequent fauna cons i sti ng of nestl i ng 
organ i sms . Fos s i l i zed members of thi s nes tl i ng assembl age cons i sts of 
the gastropod Creptdu l a nummari a and the pe l ecypods Macoma i ngui nata , 
Protothaca s tamfnea ruderata , and H i a tel l a  phol adi s .� communi ty of 
borers and nestl ers s ugges ts a shal l ow i nterti dal to i nner s ubl i ttora l 
habi tat wi th suffi c i ent wave energy to prevent pers i s tent accumu l ati on of 
sediment .  Subsequent eros i on removed a l l but the deeper bori ngs of ( Z i rfaea 
p f l sbryi and  those bori ngs i n  the more eros i onal l y  res i s tant concreti onary 
sandstone and sands tone boul ders . 

As the transgress i on conti nued , the water deepened a l l owi ng depos i t i on of 
a sandy subs tratum and the es tabl i s hment  of a commun i ty of soft sed iment 
burrowers . Sand-fi l l ed depress i ons on  the terrace p l atform are l ocal l y  
burrowed by Mya truncata and Macoma i ngui nata , s uggesti ng that these 
sma l l ,  s ha l l ower burrowers were fi rst to popul ate the sandy substrate . 
Th i s  early popul ati on i s  overl a i n  by a dense ly  pac ked s hel l l ayer of bur
rowi ng mol l us ks domi nated by adul t Tresus capax and Saxi domus g i ganteus . 
The burrowi ng communi ty of the san·dy s ubs tratum suggests shall ow offshore 
waters of the i nner subl i ttora l zone . 

Forami n i fera associ ated wi th the s he l l bed cons i st of an aggl omerati on of 
many th i ck-wal l ed and sol uti on res i s tant speci es that have been trans ported 
i nto s hal l ower water ,  pos s i b ly  the i nner neri ti c zone (K. McDouga l l ,  pers . 
commun . ,  1 979 ) . Speci es present are representati ve of the i nner neri ti c 
( E l th i di um fri g i dum and E l ph i d ie l l a  l obatul us ) ,  mi ddl e neri ti c (du{ n-
q ue ocul i n i ds and Ci b i ciifes l obatul us ) ,  and outer neri t i c  ( Ca s s i  u i na 
l i mbata ) depth zones . 

The fos s i l i fero us transgress i ve terrace depos i ts a re overl a i n by a 
regress i ve seq uence of  beach and dune sandstone , and fl uv i a l congl omerate . 
The Mi ocene sands tones underlyi ng the sands tone congl omerate terrace 
depos i ts w i l l  be v i ewed and di s cussed at STOPS 6 and 7 .  

Cont i nue descendi ng the south s i de o f  the Cape Bl anco "neck" work i ng 
northward toward the gray " Bad- l ands " topography .  
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Figure 25.  Plei stocene 
Coastal Terrace Deposit: 
STOP 3 .  The marine to 
non-marine sandstone 
and conglomerate of the 
marine terrace sequence 
unconformably overly 
upper lower to middle 
Miocene sandstones. A 
shell bed (Fig .  26) 
marks the base of the 
terrace deposit.  
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Fi gure 24. South side 
of Cape Blanco: 
STOP 2. The dark 
c l i ff-base outcrops 
are Jurassic Otter 
Point Fm. unconformably 
overlain by late Mio
cene Empire Fm. The 
Cape is capped by 
horizonta l ly bedded 
late Plei stocene 
terrace deposi ts .  
Eocene Roseburg Fm. 
shales form the sl ump
ing "neck" of Cape 
Blanco. The sea stack 
(Fin  Rock} i s  Miocene 
sandstone of Floras Lake. 

Figure 26.  Marine Terrace 
Fossi l  Bed: STOP 3 .  
The base o f  the marine 
terrace sequence con
sists of an in situ 
shell bed ofiburrow1ng 
clams ( large Tresus and 
Saxidomus) overlying 
the terrace abrasion 
surface which has been 
bored by cl ams 11!r
faea} .  



STOP 4 :  ROSEBURG FORMATION : Ca l careous gray shal es crop out between the 
Ca'j)'eBi anco headl and cl iffs and the s l umped area of the Cape Bl anco " neck"  
( Fi gs .  21 -d  and 2 7 ) . The  s hal es are fi nely l ami nated cl ays tone and  mud
s tone and are i nterpreted as abyssal  p l a i n  turb i d i te depos i ts .  Loca l l y  
the s ha l es are i ntensely deformed .  I socl i na l  fo l ds and sma l l exoti c bl ocks 
of phyl l i te and s ch i s t  occur wi th i n the s ha l es ( R . Janda , pers . commun . ,  
1 979 ) .  I n  the cl i ffs on the north s i de of  Cape B l anco the Juras s i c  Otter 
Po i nt Fo rmati on appears to have been thrus t over the s ha l es ( Dott , 1 962 , 
1 971 ) 0 

The gray s hal es at  Cape B l anco were ori g i na l l y  mapped by Di l l er ( 1 902 ) 
as ques ti onably Myrtl e Formati on of  Cretaceous age . Bandy ( 1 944 ) recovered 
a forami n i fera l fauna wh i ch he a s s i gned to the mi ddl e Eocene . Bal dwi n 
( i n  Ba l dw i n  and others , 1 973 ) has a s s i gned the gray s hal es to the 
Roseburg Formati on of l ates t Pa l eocene to early Eocene age . 

The gray s ha l es conta i n  abundant benth i c  forami n i fers . Aggl unti nated 
spec i es of Ammodi scus , Bathys i phon , and Spi ropl ectammi na , compose the 
bu l k of the assembl age and cal careous forami n i fers a re rare . S i l i ceous 
cement i s  the pri nci pa l component of  the aggl uti nated tests . The benth i c  
forami n i fera l  a ssembl age i s  therefore i nterpreted by McDougal l ( pers . 
commun . , 1 979 )  as  be i ng depos i ted bel ow the CCD ( Ca l ci um Compensati on Depth ) 
i n  the l ower bathyal or abyssal  faci es . 

The forami n i fera l  as sembl age des cri bed by Bandy ( 1 944 ) i s  domi nated by cal 
careous she l f s peci es , and was not recovered i n  sampl es exami ned for th i s  
s tudy ( K . McDouga l l ,  pers . commun . ,  1 979 )  or i n  other s tud i es of these 
s ame rocks ( R. E.  Thoms , pers . commun . ,  1 979 ) .  

Conti nue travers i ng downward and north to the beach cl i ff expos ures at  
the  Ca pe B l anco headl and .  

STOP 5 :  J URASS I C  OTTER PO I NT FORMATION : Dark- gray mas s i ve muds tone and 
sands tone of l ate J uras s i c  age form the c l i ffs at the north end of the 
beach on  the south s i de of  the Cape B l anco headl and ( Fi g .  24 ) .  These 
rocks have been mapped as Otter Po i nt Formati on ( Dott , 1 971 ) and occur 
i n  a fau l t bl ock unconformab ly  overl a i n  by l a te Mi ocene Emp i re Formati on 
(as res tri cted by Addi cott , i n  preparati on ) .  The Otter Po i nt Formati on 
at  Cape B l anco i s  pri nci pal ly  a mel ange or  broken format ion . Tecton i ca l l y  
pol i shed b l ocks o f  greens tone and bl ue s ch i s t  occur al ong the fau l t boundi ng 
the southeast s i de of  the Empi re Formati on outcrops ( R . Janda , pers . 
commu n . , 1 979 ) . 

Wa l k  south al ong the beach to F i n Roc k ,  a l a rge sea s tack { F i gs .  2 1 -e 
and 24 ) . 

STOP 6 :  SANDSTONE OF FLORAS LAKE : F I N  ROCK : Mass i ve brown-weatheri ng , 
�o medi um-gra i ned sands tone wi th i nterbedded pebbl e and cobbl e con 
g l omerate l enses are we l l  exposed at  F i n  Rock  ( F i g .  24 ) and i n  the sea 
c l i ffs i mmedi ately south of the s l ump i ng " neck"  of Cape B l anco ( F i g .  28 ; 
STOP 7 ) . 

The sands tone at  STOPS 6 and 7 was ori g i na l ly  i nc l uded i n  D i l l er ' s  ( 1 902 ) 
Emp i re Formati on . Durham ( 1 953 )  recogn i zed an unconformi ty { F i g .  29 ; STOP 
9 )  wi th i n  D i l l er ' s  Empi re Formati on and found the mol l uscan fauna of the 
l ower un i t to be mi ddl e Mi ocene i n  age , and the upper uni t to be l ate 
Mi ocene to P l i ocene i n  age . Janda ( pers . commun . ,  1 9 79 ) found a mappab l e 
l i thol og i c  d i fference between the two un i ts :  the l ower hav i nq pebb l es 
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Figure 28. Sandstone of 
Floras Lake: STOP 7.  
The upper lower and 
middle Miocene sand
stone of Floras Lake 
form steep cl i ffs just 
south of the "neck" of 
Cape Blanco. Lenticu
lar pebble conglomer
ates are a characteri
stic feature of this 
rock unit. 

Figure 27. Roseburg For
mation Shales :  STOP 
4 .  The Eocene Rose
burg Formation shales 
form the sl umping 
"neck" of Cape Blanco. 
The shales are finely 
l aminated and highly 
calcareous. 

of numerous labi l e  types ; the upper having pebbles of quartz and other 
resistent types. To differentiate these two unconformity-bounded units 
Janda (pers. commun . ,  1 979) suggests that the l ower congl omeratic sand
stones be informal ly referred to as the sandstone of Floras Lake, and 
that the Empire Formation be restricted to the upper Miocene unconformity
bounded sequence {STOPS 9 and 1 0 )  which is  a correlative of the type 
Empire Formation at Coos Bay (Addicott, 1976) . 

Cross the beach southward to the base of the sandstone c l iffs. 

STOP 7: SANDSTONE OF FLORAS LAKE: These cl i ff outcrops expose excel lent 
examples of the pebble and cobble lenses of the sandstone of Floras Lake 
(Fig .  29).  The unit fines upward through the approximately 500 foot thick 
section exposed in the cl i ffs south of Cape Blanco. Correl ative rocks 
crop out to the north of Cape Blanco from Blacklock Point to Floras Lake 
(R. Janda, pers. commun. ,  1 979) . 
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The mol l uscan fauna of the sandstone of  Fl oras La ke i s  referabl e to the 
Newporti an Mo l l uscan Stage (Addi cott , 1 976 ) of the Paci fi c Northwes t .  
Speci es res tri cted t o  the Newporti an Stage i ncl ude Mo l opophorus matthewi , 
Nassari us arnol d i , Macoma fl agl eri and M�ti l us mi ddendorffi . The age of 
the Newport1 an  1 s  l ate early to mi ddl e Miocene i n  terms of the European 
s tandards (Addi cott , 1 976 ) . 

Myt i l us mi ddendorffi i s  parti cul arly abundant i n  the sands tone of Fl oras  
Lake .  Thi s di s ti ncti ve p l i cate mussel  i s  an i ndex fos s i l  of the Newporti an 
and ranged from Southern Ca l i forn i a  to the Gul f of Al a s ka and pos s i b ly  
Kamchatka (Al l i son and  Addi cott , 1 976 ) .  

The abundant Myti l us ,  as soci ated wi th the barnac l e  Ba l anus s p .  and the 
pebbl e congl omerate l enses s uggest a very shal l ow ,  pos s i b ly  i ntert i da l , 
depos i ti ona l envi ronment and proxi mi ty to a rocky s horel i ne (Add i cott , 
i n  preparati o n ) . Upsection , the rocks fi ne to mi caceous sands tones and 
the fauna changes to one characteri zed by Spi su l a a l bari a ,  Katheri nel l a  
cf .  K .  angusti frons and Denta l i um sp . ,  s uggesti ng deepen i ng of the depo
s i tional envi ronment to about 30 to 60 feet .  

Conti nue south a l ong the s e a  c l i ff t o  a 25-foot-th i ck tuff bed . Some of  
the  o utcrops a l ong thi s traverse a re l ands l i de bl ocks from strati graph i cal l y  
h i gher i nterva l s  wi th i n  the Mi ocene sequence . T h e  tuff bed crops out 400 
feet upsecti on  from STOP 7 and forms a 1 0-foot-h i gh , bac k-beach bl uff. 

STOP 8: TUFF BED  OF  SANDSTONE OF  FLORAS LAKE : Thi s 25-foot-th i ck 
�ns i sts of mass i ve fi ne-grai ned tuff and i nterval s of cross-strati fied 
coarse-gra i ned tuff .  An upper i nterva l of mas s i ve fi ne-gra i ned tuff 
conta i ns a fl ora l  assembl age of  enti re l eaves ass i gnab l e to the upper 
Sel dov i an (mi ddl e Mi ocene ) Megafl oral Stage ( Wol fe and Hopki ns , 1 96 7 ;  
J .  Wo l fe ,  pers . commun . ,  1 979 ) .  The sedi mentary s trutures , presence 
of enti re l eaves , and  the abundance of tuff, s ugges t near-s hore depos i t i on 
w i th the l eaves and tuff enteri ng from a fl uvi a l  source . 

Overl y i ng the tuff un i t are about 1 00 feet of sands tone of F l oras Lake 
whi ch are mas s i ve ,  carbonaceous and mi caceous sands tone wi th scattered 
l arge concreti ons (Addi cott ,  i n  preparati on ) . Mo l l u s k  fos s i l s  are abundant 
i n  many of  the concreti ons and cons i s t  mos tly  of  Spi sul a al bari a .  

Co nti n ue so uth a l ong the b l uffs through the upper sandstone of  Fl oras Lake 
to the unconformi ty shown i n  fi gure 2 9 .  

STOP 9 :  FLORAS LAKE EMP I RE UNCONFORMITY : F i gure 29  i s  a photo of the 
unconform1 ty etween t e san s tone o oras Lake and the overly i ng 
Emp i re Fo rmat ion . The unconformi ty crops out i n  a northwest-faci ng 
b l uff at the southeas t s i de of  a sma l l shal l ow cove . The unconformi ty 
i s  a channe l i zed s urface , overl a i n  by concreti onary sands tone conta i n i ng 
b l ocks of sands tone of  F l oras Lake . The reworked sands tone bl ocks are 
ri ddl ed wi th bori ngs fi l l ed wi th s hel l debri s (Addi cott , i n  preparati on ) . 

The l ower Emp i re Formati on cons i s ts of  med i um to fi ne-gra i ned yel l owi s h
weatheri ng sands tone wi th some th i n ,  l atera l ly  pers i s tent pebb l e l enses . 
The s trata grade upward to wh i te to tan-weatheri ng mas s i ve ,  very fi ne
g ra i ned sandstone and s i l ts tone . The secti on measures more than 250 feet 
i n  thi cknes s .  The pebbl e l enses i n  the l ower part of the Emp i re Formati on 
s ecti on conta i n  abundant vei n  quartz and chert wh i ch are rare consti tuents 
i n  the congl omerates of  the underly i ng sandstone of Fl oras  La ke (Addi cott , 
i n  preparati on ) .  
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Fi gure 29. Late Middle 
Miocene Unconformity: 
STOP 9 .  The upper low
er and middle Miocene 
sandstone of Floras 
Lake is unconformably 
overl ain by l ate Mio
cene sandstones of 
the Empire Formation. 
This photo shows the 
unconformity (dia
gonally from upper 
left to lower right 
corners) with blocks 
of Floras Lake sand
stone incorporated 
within the basal 
Empire Formation. 

Mollusks are the principle fos s i l s  of the Empire Formation. Commonly 
occuring species incl ude Lucinoma annulata, Macoma cf. M. calcarea, 
Nuculana sp . ,  Portlandia sp. ,  Compsomyax cf. £. subdiaphena, and Cnesterium 
scissurata. The moll uscan fauna and sedimentary structures suggest 
deposition i n  an i ntertidal to shallow subtidal envi ronment with a general 
deepening upsection (Addicott, i n  preparation). 

Mollusks in the l ower 1 00 feet of the Empire Formation are referabl e  to 
the l ate Miocene Wishkahan Moll uscan Stage (Addicott, 1976). Species 
from the Empire Formation at Cape Blanco that are restricted to the 
W i shkahan Stage incl ude Acila blancoensi s ,  Glycymeris gabbi , Tel l i nel l a  
merriami , and Opa l i a  wishkahensi s  (Addicott, i n  preparation ) .  

Continue southward along the c l i ffs to the s i l tstone outcrops of the 
Empire Formation just north of Goldwasher's  Gully. 

STOP 1 0 :  EMPIRE FORMATION:  The upper Empire Formation fine-grained 
sandstone and siltstone contai n a low di versi ty moll uscan fauna charac
terized by Portl andia, Nuculana, Compsomyax, Luci noma, and Cnesterium, 
suggesting a middle to outer sublittoral environment. The mollusks are 
not age diagnostic, but are correlated with the Graysian Mol luscan Stage 
of western Washi ngton (Addicott, 1 976) based upon di atoms . Di atom 
florules assigned to the late Miocene, North Pacific Diatom Zone XIV of 
Schrader ( 1 973) have been collected from both the upper Empire Formation 
at Cape Blanco and from s i l tstones of upper Montesano Formation of Fowler 
(1 965) (J.  Barron, written commun. ,  1 979) .  The di atomaceous Montesano 
s i l tstones are within the type section of the Graysian Mol l uscan Stage 
(Addicott, i n  preparation). 

Continue south to the mouth of Gol dwasher' s  Gully where a paved road pro
vides access to the beach (Figs.  21-j and 30). 
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STOP 1 1 :  EMP I RE/PORT ORFORD UNCONFORMITY AND LOWER PORT ORFORD FORMATION : 
At thi s s top wa l k  seaward as far as  pos s i bl e  to v i ew the overa l l s trati 
graph i c rel at ions h i ps us i ng fi gures 23 and 30 for ori entati on . 

NOTE : Cons i derab l e  di fferences of  op i n i on exi st  concern i ng the 
use of  the names Port Orford Format ion  and El k Ri ver Beds . 
The usage presented here fol l ows that of Bal dwi n ( 1 945 ) 
wi th the exception of Bal dwi n ' s uppermos t E l k Ri ver Beds 
whi ch are here cons i dered to be a mari ne terrace depos i t  
unconformably  overly i ng the E l k Ri ver Beds (Addi cott , 1 964 ; 
Cl i fton and Boggs , 1 970 ) .  For a compl ete d i scus s i on of 
s trati graph i c  nomenc l a ture see Roth ( 1 979 ) .  

I n  the cl i ff face north of Go l dwas her ' s  Gu l ly are three rock  uni ts . The 
l ower cons i sts of the l i ght col ored u pper Empi re Formation  s i l ts tone and 
sandstone . Unconformab ly  overl yi ng the Emp i re Formati on i s  the Port 
Orford Formation  of Ba l dwi n ( 1 945 ) cons i sti ng of dark-col ored congl omerate 
overl a i n by l i ghter-co l ored sandstone . 

I n  the cl i ff face south of Gol dwasher ' s  Gul l y  the fu l l 1 80-foot-th i ck 
secti on of the Port Orford Formati on i s  exposed and i s  overl a i n  by the 
E l k R i ver Beds and mari ne terrace depos i ts ( Fi g .  23 ) . The Port Orford 
Formati on represents a transgres s i ve depos i ti onal sequence and the El k 
Ri ver Beds a regress i ve depos i ti onal sequence . Both formati ons are 
cons i dered to be P l e i s tocene i n  age (Roth , 1 979 ) .  

The l ower 30 feet of the Port Orford Formati on cons i s t of sandstone wi th 
pebbl e  congl omerate l enses . Th i s  l ower un i t i s  unconformably  overl a i n 
by a 20-foot-th i c k ,  poorly sorted , rusty-brown cobbl e and gravel con
g l omerate l ocal ly  conta i n i ng one- to three-foot-th i ck l enses of gray , 
carbonaceous , f i ne-gra i ned c l ayey sandstone and s i l tstone . The i ntra
formati onal unconformi ty f s  an  angu l ar d i scordance where the pebbly 
sandstone of the l ower sequence is  truncated and overl a i n  by the cobbl e 
and gravel congl omerate . South of the gul ly  the angu l ar  unconformi ty 
appears l ess  marked a s  the c l i ff face swi ngs para l l e l wi th the stri ke 
of the unconformi ty (Roth , 1 97 9 ) . These rel ati ons h i p s  are best exposed 
i n  the gul l y  at the east s i de of Gol dwas her ' s  Gul l y  road . North of the 
road the l ower pebbly sands tone un i t i s  preserved only i n  down-faul ted 
b l ocks (F i g .  2 3 } . These fau l ts do not extend u pward i nto the congl omerate 
of the Port Orford Formati on . Ro th (1 979 )  s uggests ass i gn i ng a separate 
formati onal name to the unconformi ty-bounded pebb ly  sandstone wh i ch 
i s  here i nc l uded as the basa l  un i t of the Port Orford Formation . The 
l enti cul ar  nature of the congl omerate wi th i n  the sandstone , the l enti cul ar  
bedd i ng and i mbri cated cobbl es of  the  congl omerate , and  the  absence of 
mari ne foss i l s  in  both un i ts ,  s uggests that both were depos i ted i n fl uvi a l  
envi ronments . 

H i gher i n  the c l i ffs a fi n i ng upward seq uence of sands tone and cl ayey 
sandstone of the upper Port Orford Formati on i s  exposed .  The sandstone 
forms a s l ope unti l the amount of s i l t  becomes s uffi c i ent to ma ke the 
sandstone more eros i onal ly  res i s tant and i t  forms a seri es of verti cal 
faces . The two pri nci p l e  brea ks in the verti cal  faces occur at a l ower 
s i x- i nch-th i c k ,  we l l - sorted , poorly consol i dated sands tone and an  upper 
s i x- i nch-th i ck congl omerate ( fi g .  22 ) . These two th i n  un i ts serve as 
marker beds for corre l at ion  of  the c l i ff face secti ons south of Gol dwas her ' s  
Gul ly  ( STOPS 1 1 - 1 3 ) . 
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Figure 30. Outcrops at 
Goldwasher' s  Gully: 
Stop 1 1 .  The road 
at Goldwasher' s  Gully 
descends through the 
Plei stocene Port 
Orford Formation, and 
flatens and turns l eft 
(right i n  photo) at 
the contact with the 
unconformably under
lying late Miocene 
Empire Formation. 
(See Figs. 22 and 
23) . 

After becoming oriented to the di stribution of rock types ,  within the 
c l iff face exposures of the Port Orford Formation, approach the outcrops 
for close examination of the rock types and sedimentary structures. The 
l ower pebbly sandstone and congl omerate crop out only at this stop. 
Southward they dip below beach level . 

Cl imb the cliff face to the top of the conglomerate along the grassy 
landslide surfaces. Conformably overlying the congl omerate i s  a l i ght
brown sandstone about 40 feet thick. Lenses of pebbles occur within this 
unit. Fossi ls  are absent and sedimentary structures are general ly low 
angle and planar suggesting beach deposi tion. Pebble-fi l l ed burrows 
occur toward the top of the brown sandstone unit. The brown sandstone 
i s  gradationally overl ain  by s i l ty sandstone characterized by abundant 
s i l t-cored burrows (Fig.  3 1 )  and are suggestive of lower fore-shore 
deposition. The contact between the brown sandstone and burrowed s i l ty 
sandstone i s  locally characterized by convolute bedding suggestive of 
dewatering processes. 

The c l iffs steepen at this i nterval and i t  i s  suggested that further 
observations be made at STOPS 1 2  and 1 3  where the upper units of the 
Port Orford Formation dip  to beach l evel. 

Returning to the beach, walk one-half mi l e  south from Goldwasher ' s  Gully 
past the val l ey of an old Sixes River tri butary (R.  Janda, pers. commun . ,  
1979} , past the small pyramidal erosional remnant of Port Orford Formation 
sandstone, to the north end of the next set of cl i ffs (Fig. 23} .  The 
units of the Port Orford Formation can be correlated by using the six
inch sandstone and six-inch conglomerate marker beds both which erode 
rapidly l eaving small reentrants in the c l i ff face. 

STOP 1 2 :  BIOTURBATED SILTY SANDSTONE O F  THE PORT ORFORD FORMATION: 
The bi oturbated silty sandstone unit of the Port Orford Formation 
crops out at beach level i n  rounded bl uffs just north of the back beach 
dunes. The burrows are most typical ly  cl ay-cored and about one inch in 
diameter. They are similar to the trace fossi l  Thal l as i noi des (Fig.  31 ) .  
Casts of the pel ecypods Cli nocardi um  and Macoma, and barnacles of the 
genus Balanus, occur in these silty sandstones. The marker conglomerate 
menti oned above i s  exposed at the north end of the outcrop about 20 
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Fi gure 32 . Port Orford For
mation and Elk  River Beds : 
STOP 13 .  This bl uff out
crop exposes the upper
most gray-weathering Port 
Orford Formation overlain 
by the darker gray sands 
o f  the E l k  River Beds. 
The vertical outcrop at 
the bluff top i s  a marine 
terrace sequence (see 
Fig.  36). 

Figure 31. Port Orford For
mation: STOP 12. Part 
of the Port Orford Forma
tion is extensively bio
turbated. The burrows, 
shown in this photo , are 
cl ay-cored and are simi
lar to the trace fossil 
Thal l asinoides. 

feet up the bluff. The conglomerate i s  generally six-inches-thick and 
locally thi ckens to eighteen-inches. It is interpreted to be a storm-lag 
deposits. The gravel is locally fossi l i ferous with the most common 
mol l usks being Cl inocardfum meekianum baldwini , Nassarius fossatus, 
and Ol i vella � with Siliqua oregonia, Fusi tri ton ore onensis , Nucella 
l amellosa , ana�Mftrella gausapata less common (Roth, 9 9 • he molluscan 
fauna consists of both inner sublittoral and rocky i ntertidal associations, 
suggesting transport of the intertidal el ements into deeper water during 
storms which formed the fossi l iferous storm-lag-conglomerate deposits. 

Above the conglomerate, bi oturbation becomes l ess pervasive, the clay 
content increases, and the occurrence of moll uscan fossi l s  increases, 
a l l  as a consequence of the deepening waters of the transgression. The 
clayey sandstone is the blue argi l l aceous sandstone of Bal dwin ' s  (1 945) 
uppermost Port Orford Formation. At this stop i t  forms a nearly in
accessable cl iff face and wi l l  be examined more closely at STOP 1 3 .  

Continue south along the beach. This part of the traverse i s  best made 
along the wet sand area looking back at the c l i ffs from a di stance. 
The c l i ff outcrops are partially obscured by landslides, vegetation, 
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and dunes . The bl ue argi l l aceous sands tone of the Port Orford Format ion  
crops out as a verti cal face wi th l i ttl e or  no  vegetati o n .  I t  i s  overl a i n 
by l ess  eros i onal ly  res i s tent gray sands tone of the E l k Ri ver Beds whi ch 
are often densely vegetated and form sta i r- s tepped s l opes . The contact 
between these two uni ts ( F i g .  3 2 )  p rov i des a good marker hori zon for 
corre l ati ng expos ures a l ong the c l i ff face . The c l i ff top i s  capped 
by l ate P l e i s tocene terrace depos i ts wh i ch form a verti cal face above 
the El k Ri ver Beds . 

The b l ue arg i l l aceous sandstone marks the maxi mum transgress i on of the 
Port Orford Formati on - El k Ri ver Beds sequence . Th i s i s  s hown both 
by the f i ne-gra i ned nature of the rocks and by the faunas . The bl ue 
arg i l l aceous sandstone becomes fi ner-gra i ned upsecti on and fos s i l s  
become more abundant .  Two maj or s hel l l ayers , i nterpreted a s  s torm
l ag- depos i ts ,  occur wi thi n the upper 20  feet of the 50-foot- thi ck  bl ue 
arg i l l aceous sands tone . The mol l uscan fauna is domi nated by Macoma l i para , 
Macoma nas uta , Mi trel l a  gausapata , Nas sari us fossatus , and O lTVeffa �· 
Katheri nel l a  s ubdi aphana , Crypto�a cal i forn i ca ,  and Thrac i a n .  s p .  are 
a l so  common .  The fauna s ugges ts 1 nner to mi ddl e neri ti c water depths 
( Roth , 1 979 ) . The associ ated forami n i feral fauna i s  of l ow d i vers i ty 
(average 6 s pec i es/sampl e )  and i s  characteri zed by El ph i di el l a  n i ti da ,  
Bucel l a  fri gi da ,  El h i di um fri gi dam , Polymorph i na charl ottens i s� 
Trichoh�l us ornat1 s s 1 ma K .  McDougal l ,  pers . commun . ,  1 979 ) .  The 
forami n 1 feral fauna s uggests q u i et water of i nner neri ti c depths wi th 
a s l i ght i ncrease  i n  water depth upsecti on .  

The bl ue argi l l aceous sandstone i s  overl a i n by the gray fi ne-gra i ned 
sandstone of  the El k Ri ver Beds of  Bal dwi n ( 1 945 ) .  The contact forms 
a marked col or  and topographi c break i n  the sea c l i ffs . D i l l er ( 1 902 , 
1 903 ) and  Bal dwi n ( 1 945 ) cons i dered thi s contact to be an unconformi ty .  
Cl ose exami nati on o f  the contact wi l l  s how that i t  i s  gradati onal from 
the c l ay-ri ch  b l ue arg i l l aceous sandstone bel ow to the moderatel y  wel l 
sorted , fri abl e gray sands tone above . Roth ( 1 979 ) d i scusses earl i er 
i nterpretati ons of th i s  contact .  

Co nti nue wal k i ng south several hundred feet to  the  seri es of cl i ff face 
amph i theaters where the El k Ri ver Beds a re wel l exposed and eas i l y  
acces s i bl e . 

STOP 1 4 :  ELK  RIVER BEDS : The E l k Ri ver Beds cons i s t  o f  unconsol i dated , 
g ray , fi ne- grai ned sandstone wh i ch i s  l ocal ly  h i gh ly  fos s i l i ferous . 
The uni t i s  as much as 1 20-feet- thi ck and coarsens upward to unfos s i l 
i ferous congl omerati c sandstone refl ecti ng the regress i ve phase o f  the 
Port Orford - E l k Ri ver transgress i ve-regress i ve cycl e .  The El k Ri ver 
Beds as  used here are res tri cted from Bal dwi n ' s  ( 1 945 ) usage . The upper 
30 to 50 feet of the cl i ff face secti on  i s  cons i dered to be part of a l ate 
Pl ei s tocene mari ne terrace depos i t  unconformably overl y i ng the gray sand
s tones of the E l k Ri ver Beds (Addi cott , 1 964 ; Cl i fton and Boggs , 1 970 ) . 
Th i s unconformi ty i s  readi ly apparent i n  the v i c i ni ty of Go l dwas her ' s  
Gul l y ,  but l es s  so a t  thi s s top  where the terrace depos i ts and El k Ri ver 
Beds are both nearly hori zontal and concordant .  A col or change from the 
g ray of the E l k R i ver Beds to the yel l owi s h  terrace depos i ts ,  and a 
brea k i n  s l ope marks the unconformi ty f Roth , 1 979 ) . 
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I n  the l ower 30 feet of the E l k Ri ver Beds a re a number of s he l l 
l ayers referred to as  the P seph i di a  beds ( Cl i fton and Boggs , 1 970 ) 
( F i g .  33 ) . These foss i l i ferous beds conta i n a mol l uscan fauna of over 
50  s pec i es domi nated by Pseph i di a  aff. �. barbarens i s ,  Po l i ni ces pal l i dus , 
So l ar ie l l a  obscura , Mi trel l a  gausapata , Nassari us perpi ng1 us , and 
Propebel a cf. P .  fi di cul a (Roth , 1 979 ) .  Cl i fton and Boggs ( 1 970 )  
i nterpreted the predomi nantly concave- up ori entati on of Pseph i d i a  
she l l s  as  the res ul t o f  depos i ti on i n  a wave-swept shal l ow marine en
v i ronment . Addi cott ( pers . commun . in Cl i fton and Boggs , 1 9 70 ) i nter
preted the faunal as sembl age to i ndi cate depos i ti on i n  l ess  than 90 
feet of water .  These s hel ly  beds conta i n abundant  forami n i fers . The 
l ow di vers i ty foram . fauna ( average 6 speci es/samp l e )  i s  domi nated by 
El phi d i el l a  n i ti da and E l ph i di um fri gi dum ( a verage 72% of s pec i mens ) 
(K .  McDo ugal l ,  pers . commun . ,  1 979 ) .  Associ ated spec i es are Brucel l a  
fri gi da ,  B u l i mi nel l a  e l eganti s s i ma ,  and  C i b i c i des l obatus . Th i s fauna 
s uggests 1 nner ner1 ti c water depths probably at the deeper part of th i s  
zone (Bandy ,  1 950 ; K .  McDougal l ,  pers . commun . ,  1 979 ) .  

The PseJh i d i a  beds are grouped i nto l ower cros s-strati f i ed ( h ummocky 
beddi ng  beds and upper cros s-strati fi ed and b i oturbated beds (F i gs . 
33 and 35 ) .  Bel ow the l ower of  these two sets of Pseeh i d i a  beds , and 
el sewhere i n  the sequence , are d i st i nct i ve trace fos s 1 l s  resembl i ng 
" s unburs ts " ( F i gs .  33-34 ) .  The ori g i n  and taxonom i c  ass i gnment of these 
" s unburs t" s tructures i s  unknown . 

The Pseph i di a  beds become l ess  a bundant upsecti on and grade i nto un
foss i l i ferous pebbly sandstone . About mi dway upsecti on wi thi n the El k 
Ri ver Beds i s  a congl omerate about one foot th i ck wh i ch serves as a 
marker bed for correl ati ng expos ures of th i s  un i t .  The rema i nder 
of the secti on of E l k R i ver Beds i s  unfos s i l i ferous and i ncreas i ng ly  
coarse , refl ecti ng the fi nal regress i ve phase  of the  Port Orford- El k Ri ver 
trans gres s i ve-regress i ve cycl e .  

Conti nue c l i mb i ng the cl i ff ( o r  wal k i ng south a l ong the c l i ffs ) to exami ne 
the overly i ng mari ne terrace depos i ts .  

STOP 1 5 : TERRACE DEPOS ITS : The upper 30 to 5 0  feet o f  cl i ff face expos ures 
cons 1 sts of sands tone and congl omerate mari ne terrace depos i ts ( F i g .  36 ) .  
Ja nda ( pers . commun . ,  1 979 ) has recogni zed a di sconti nuous ly  preserved 
basal transgress i ve phase of back beach or surf zone depos i ts res ti ng 
upon the wave cut p l a tform , and an overlyi ng regress i ve phase whi ch 
i ncl udes a vari ety of sedi mentary s tructures i ndi cati ve of upsecti on 
s ha l l owi ng : from near wave base ( h ummocky beddi ng ) ; to surf zone ( comp l ex 
on-s hore , off-s hore , and l o ng-shore cross s trati fi cati o n ) ; to back beach 
berm and fore-s hore ( para l l el strati fi cati on , th i n  but l a teral ly  pers i stent 
c l ay beds , buri ed so i l zones , and i nversely graded sands and bl ack sands ) ;  
to aeol i an and a l l uvi a l  depos i ts (wel l sorted cros s - strati fi ed sands and 
poorly sorted congl omerates ) .  These mari ne terrace depos i ts are correl at i ve 
w i th the terrace depos i t  at  STOP 3 ,  and are l a te P l e i s tocene i n  age 
(Addi cott , 1 964 ; Roth , 1 979 ) . 

Th i s  s top  ends the traverse  and the Cape Bl anco segment of the fi e l d  tri p .  
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Figure 34. El k River Beds: 
STOP 14. The "sunburst" 
structures of the Elk  
River Beds, shown in  
this photo, are consider
ed to be biogenic. 
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Figure 33. Elk River Beds: 
STOP 14. The Elk  River 
Beds contai n  a large 
shallow marine fossil  
assemblage. The cross 
l aminated shell beds 
are composed predomi
nantly of the clam 
Pseph1dia. The upper 
Pseph1d1a beds of this 
photo are bioturbated 
(Fig.  35) .  Below the 
lower Psephidia beds 
are numerous "sun
burst" structures. 
(Fig.  34). 
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Figure 35. El k River Beds : 
STOP 14. The biotur
bated upper Pseph1d1a 
beds of Figure 33 are 
shown in  this photo. 
The Psephidia shel l s  
l ine the wedge shaped 
burrows. 
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INTRODUCT ION 

The H .  J .  Andrews Exp e r iment al Fores t compr i ses the ent ire 6 , 10 0  ha Lookout C reek 
d rainage ab out 60 km east  of Eugene in the McKenz i e  Rive r ba s in ( Figure 1 ) . This a rea 
wa s estab l i shed as an Exp e r iment al Fores t in 1 94 8  by the USDA Fores t S e rvic e .  Management 
o f  the Fores t wa s carried out j o int l y  b y  two a rms of the U . S .  Fo res t S e rvice--t he Wil 
l ame t t e  Nat ional Fo res t and the Paci f ic Northwe s t  Fores t and Range Exp e riment S t a t ion . 
Research act ivi t ies during the f i rs t  two de cades of the Fores t focus ed on prob lems in 
app l ied fo res try su ch as regene rat ion , de s ign of road ne two rks , l ogging sys tems engi
nee ring , and management impact s on so il eros ion and wa t e r  qua l i ty . Du ring th is pe riod 
abo ut 20 percent of the Fores t wa s clea rcut and road righ t-of-way ( 2 0 m width)  wa s 
deve loped ove r  ab out 3 percent of the area . In the pa s t  de cade , us e and management of 
the Fores t have incl uded two ad i t ional areas of emphas i s : ( 1 )  b a s ic research on the 
f o re s t  and s t ream ecosys t ems , and ( 2 ) basel ine mo ni to ring of key envi ronment al va riab le s  
and ecosys tem propert ies . 

� 
- N -

- Road � 
----- S t r e a m  

W I  E x pe r i ment a l  w a t e r s h e d  

CD F i e l d t r i p  s t o p  

/:J 
m a p  l oc a t i o n  

Figure 1 .  Locat ion map . 
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Much of the basic e cosy s t em research has occurred s ince 1 9 6 9  when the Fores t be came 
a primary site  for research by the Conife rous Fores t Biome of the U . S . / Int e rnat ional 
B i ological P rog ram funded by  Nat ional Sci ence Founda t ion . Many of the s tudies s t arted 
unde r the Biome prog r am  led to the nume rous ongo ing research act iv i t ies current l y  sup
p o r t ed at a leve l of mo re than $ 1 , 0 00 , 000 per ye ar by U . S .  Fores t Service , Nat ional 
S cience Founda t ion , Oregon State  Unive rs i ty , and other o rganizat ions . Use of the Fores t 
f o r  long-t e rm  monitoring of envi ronment al and ecological pa rame ters has been f o rmal ized 
b y  i t s  de s ignat ion as ( 1 )  a site in UNESCO ' s Biosphere Res e rve Prog r am ( 1 9 7 4 )  and (2)  the 
f irs t Exp e riment al Ecological Res e rve ( 1 9 7 7 )  e s t ab l ished by the Nat ional Science Foun
dat ion . Moni toring act iv i t ies include s t anda rd me teorology ob servat ions , s t r eam dis
charge and wa ter ch emis try moni toring , and pe r iodi c  samp l ing of vege tat ion p lo t s ,  s t ream 
o rganic debr i s ,  and ch annel c ros s-s e ct ions . 

Although mos t  of the basic and app lied fo res t e cosys t em  rese arch and ba sel ine moni
toring act iv i t ies in the Fores t are biological l y  o rient ed , geomo rp hology and s o il s  
research have been an impo rt ant part of the s tu di es s ince the earl y 1 9 5 0 ' s .  S teep 
t errain , mas s  movement-prone so il s ,  and dens e fo res t veg e t a t ion s e t  the s t age fo r many 
int e res t ing int e ract ions among vege tat ion , ge omo rp hic processe s ,  and fo res t pract ices . 
Research on these int eract ions occurs at three sc al e s : ( 1 )  fo res t-wide inve nt o ries of 
ma s s  movement featu res , ( 2 )  smal l wa tershed s tu di es of sediment sources and yi el ds , and 
( 3 )  me asu rement s of rates of indiv idual processes (Tab le s  1 and 2 ) . This f iel d t r ip 
examines ge omo rphic featu res and processes at each of these scal e s . 

GENERAL CHARACTERI STIC S OF THE ANDREW S  FOREST 

The Andrews Fores t lies at the eas t ma rgin of the we s tern Cascad e  Range in terrain 
desc ribed on an earl y map as "heav i l y  t imbe red rid ge s sep arated by immens e rav ines" 

( Peng r a , 1 8 6 3 ) . The Fores t is pr edominant l y  t imbe red wi th 400 t o  500  year-o l d s t ands 
domina ted by Doug las-f ir ( P seudo t su ga menz ies ii) , wes t ern hemlock (Tsuga heterophy l la ) , 
and wes tern red cedar (Thu j a  p l icata) . Po rt ions of the wa t e rs hed we re bu rned part ial l y  o r  
fu l l y  i n  about 1840 , and the headwaters of Mack C reek bu rned i n  about 1900 . The " immens e 
ravine" of Lookout C reek val ley s t r e tches from 4 2 0  to 1 , 6 15 m in elevat ion and hil . l s lope 
g rad ient s  over 7 0  percent are common . 

Annua l precip itat ion ave rages 2 3 0  em , 80 percent of wh ich fal l s  b e twe en Octob e r  and 
Apr i l  during long-durat ion , low-int ens i ty front al s t orms . Snow is commo n at low e l e
vat ions , but rare l y  pe rs i s t s  l onge r  than 2 we ek s and general l y  me l t s  in several days . 
P ermanent wint er  snowpack o ccurs above 1 , 000 to 1 , 2 00 m e l eva t ion . Maj o r  f loods typ i
cal l y  occur as a resu l t  of rain au gment ed by snowme l t . 

S o il s  in the area have lo amy su rf ace ho rizo ns , ranging f rom s il ty-clays to s andy and 
grave l l y  loams . Becaus e of ag gr eg a t ion of pr ima ry so il part ic l e s  by o rganic ma t t e r  and 
o ther agent s ,  po ros ity of su rf ace soil s is 60 to 70 pe r cent , ove r  hal f of wh ich is macro
p o re space (Ranken 1 9 7 4 ) . Sub so il po ros i t ies are also high , rang ing from 5 0  t o  6 0  
p e rcent , of wh ich about 20  percent is macropore  s pac e .  The po re-s iz e di s t r ibut ion o f  the 
s o il ac count s for two impo rt ant hydrologic prop e rt ies : ( 1 )  al l wa ter  ent ers the so il and 
t rave l s  by sub su rf ace f low to s treams (Harr , 1 9 7 7 ) , be caus e so il pe rmeab il i t ies are up to  
s everal hundred t imes gr eater than rainf al l rates , and (2)  so il is  ab le t o  retain 30-40 
em of wa ter in its t op 1 2 0  em (Dyrnes s ,  1 9 6 9 )  wh ich is an impo rt ant wa ter  source fo r the 
d ens e fores t vege tat ion during the dry summe rs . These condi t ions of high so il pe rme
abi l i ty combined wi th s t eep s lopes caus e headwater  s treams to respo nd ve ry quick l y t o  
changes i n  rainf a l l  r a t e  (Harr , 1 9 7 7 ) . 

B edrock at elevat ions be low about 8 5 0  m is compo s ed of a va riety of hydrotherma l l y  
a l t e red vo lcanic l a s tic rocks of  the l a t e  Ol igo cene to  earl y Miocene L i t t l e  But t e  For
ma t ion ( Peck et a l . , 1 9 6 4 ,  Swans on and James , l 9 7 S a ) . The we s t ern end of the Fores t is 
cut by nume rous s t eep l y  dipp ing , northwe s t-trending dike s . Lit t le But t e  Forma t ion rocks 
are overlain by ash f l ow and basal t ic ande s i t e  lava f lows of  the Miocene S ardine For
ma t ion wh ich crop out up to eleva t ions of about 1 , 2 2 0  m .  Rid ge cres t s  along the eastern 
and southern bo unda ries of the Fores t are cap ped wi th thick ande s i t e  lava f lows wi th 
K-Ar age s  in the range of about 4 t o  6 mil lion ye ars . 
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Tab le 1. Exp e r iment al wa tersheds in the H .  J .  Andrews Expe rimental Fores t .  
Fores t s  in wa t e rs heds 1 ,  2 ,  3 ,  9 ,  and 10 we re 400 t o  5 00 ye ar 
old  Doug las-f i r--we s t ern hemlock s t ands . Waters heds 6 ,  7 ,  and 
8 we re 100-130 ye ar old Doug las-f i r  s t ands . 

Wa t e r  & sediment yiel d ,  

Wa t e rshed Area E levat ion (m) 
s tart of record 

no . (ha) Min . Max . Mana�ement histor� wl-' c s B 

1 96  460  990 100 pe rcent clearcut 195 3 1 9 6 2  195 7 1 9 5 7  
( 1 962-196 6 )  

2 6 0  5 3 0  1 , 0 7 0  Cont rol 1 95 3  1 9 6 2  1 9 5 7  195 7 
3 1 0 1  4 9 0  1 , 0 7 0  6 p e rcent road s  1973  1 9 6 2  1 9 5 7  1 95 7  

( 1 95 9 )  
2 5  pe rcent clearcut 

( 1 9 6 3 )  

6 1 3  880  1 , 0 1 0  1 0 0  percent c1earcut 1964 1972  1 9 7 2  
( 1 9 7 4 )  

7 15 9 10 1 , 0 20 100 p e r cent part ial 1 9 6 4  1 9 7 2  1 9 7 2  
cut ( 1 9 7 4 )  

8 2 1  9 6 0  1 , 1 3 0  Cont rol 1 9 6 4  1 9 7 2  1 9 7 2  
-------

9 9 425 700 Cont rol 196 7 1 9 6 9  1 9 6 9  1 9 7 3  
10 10 4 2 5  7 0 0  1 0 0  p e rcent clearcut 196 7 1 9 6 9  1 9 6 9  1 9 7 3  

( 1 9 7 5 )  

l./w = wa ter  di scharge ; C = wa t e r  ch emi s t ry , typ ical l y N ,  P ,  K ,  C a ,  Na , Mg ; 
S = suspended sed iment , C and S s amp led wi th grab s amp les and pump ing 
propo rt ional sampler ( F red riksen , 1 9 6 9 ) ; B = bed load samp led in ponding 
basin .  

Tab le 2 .  Eros ion proces s s tudies in the H .  J .  Andrews Expe r iment al Fores t 

E ros ion proces s moni to ring 

Process S ites Me thods Du rat ion of record 

C reep 

Earth f low 

Su rf ac e 
eros ion 

Channel 
changes 

Both s traight and 
hummo cky s lopes 

One s ite , uppe r 
Lookout C reek 

S t eep s lopes in 
W S l , WS9 , WS l O , 
and other fo res t 
s i tes 

6 s i t es , smal l to  
large s t reams 

Incl inome t e r  
tubes 

S take array s ,  
incl inome ter  tube s ,  
crackme t e r , 
theodo l i t e  su rvey 

Col lect o r  boxes , 
0 . 5  and 2 . 4  m long 

Monument ed 
c ros s-sect ions 

Fo res t-wide invent ories of mas s  movement processes 

Deb r i s  

ava lanches 

Slump
earthf low 

All of Andrews 

Al l of Andrews 

Ongo ing invent o ry 

of event s 7 5  m
3 

Fiel d and air  
pho t o  anal ys is 
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1969 t o  pres ent 
sho r t e r  

1 9 7 4  t o  pres ent 
1 9 7 4  t o  present 
1 9 7 6  t o  pres ent 
1 9 7 6  t o  pr es ent 

1 9 7 4  t o  pr es ent 
and sho r t e r  

1 9 7 8  t o  pres ent 

1 9 5 0  to present 

Some features 
6 , 7 00+ yrs . 

and 



Holo cene dep o s i t ion of thin t ephra uni t s  c omp letes the history o f  accUillu l a t ion of 
vol canic mat erial in the Looko ut C reek drainage . Mazama ash wi th fr agment s up t o  about 
1 em diame ter rained ove r  the Andrews area about 6 ,  7 00 radioca rbon ye a rs ago . Ave rage 
th icknes s of ini t ial airf al l  dep o s i t s  wa s prob ab l y  on the o rder of 1 em . F ine-gr ained 
(<  1 mm diame te r )  basal t ic t ephra e rup t ing from the Sand Mount ain area (Tay lo r  1 9 6 8 )  
p robab l y  fel l  on po rt ions of t h e  Fo res t about 3 , 000 rad i o ca rbon ye ars ago . The Mazama 
ash,  weathered to a di s t inct ive ye l low col o r , fel l in suf f icient abundance t o  be a usefu l 
t ime marke r in anal ys is of some geomo rp hic su rf aces in the a rea . 

Landscapes of the Andrews Fores t s  have been scul p tu red b y  g lacial , f luvial , mas s  
movement , and o t h e r  h il l s lope processes ( Swans on and James , l 9 7 5a) . Det ail s of glacial 
his tory of the area have been ob scured by  sub sequent e ros ion and red i s tr ibut ion of 
g lacial landfo rms and depo s its . The origin of bo u l de ry depo s it s  in the area is commonl y  
ambiguous . For examp le , nearl y ident ical boul de ry di amict ons can b e  produced b y  g lacial , 
vol canic , and mas s  movement processes ; and c ombinat ions of thes e three types of processes 
may al l ope rate on a s ingle ba tch of earth mat e rial . So the g lacial history of  these 
a reas of the wes tern Casc ad e s  has been po o rl y  kep t  due t o  rap id remova l of the record by 
o ther ge omo rp hic processes and presence of ani s trop ic rock type s that do not fo rm neat 
g lacial landfo rms in the f i rs t  p lace . 

Despite these di f f icult ies g lacial proces ses have clearl y  inf luenced h igher ele
vat ion , north aspe ct part s  of the Looko ut C reek drainage (Crande l l ,  1 9 6 5 , Swans on and 
James , 1 9 7 5a ) . C irques we re fo rmed by smal l alp ine g laciers on the north s id e  of rid ge s  
h igher than about 1 , 3 7 0  m eleva t ion . Val l e y  wa l l  and bo t t om g lacial depo s i t s  de r ived 
f rom headwaters of the Lookout C reek drainage ext end as far  down va l ley as  about 660 m 
eleva t ion . The lowe r  end of Lookout C reek drainage wa s also inf luenced by damming of 
lowe r Blue Rive r by  g lacial ice in the ma in McKenzie Riv e r  va l ley ( Swans on and Jame s ,  
l 9 7 5 b ) . The ice dam backed wa t e r  up int o the mout h of Lookout C reek , caus ing dep o s i t ion 
o f  f ine gra ined , varved qui e t  wa t e r  s ediment s .  

Mas s movement processes have created di s t inct ive wide spr ead landforms . Slump
earthf low featu res , produced by s l ow ,  deep-s eated mas s  movement s ,  cover ove r 25 pe rcent 
of the landscap e  in the lowe r elevat ion hal f of the fo res t unde rlain by  vol canic l a s t ic 
r ocks ( Swans ton and Swans on , 1 9 7 6 ) . The heads of mo s t  la rge earthf low featu res are 
located at  geologic cont act s where hard lava f low bedrock cap s sof ter  vo l caniclas t ic 
rock.  About a third of the s lump-earthf low areas has been act ive in the past centu ry 
b ased on disrup ted growth of trees ; and some a reas are current l y  act ive during each we t 
s eason . Even the mo s t  act ive earthf lows in the area are heav i l y  fo res ted . 

Slump-earthf low areas typ ical l y  have subdued rel ief , hummo cky ground and de ranged 
d rainage sy s t ems . Act ive features have op en t ens ion and shear c racks , split and t il t ed 
t rees , and ve ry irregular drainage p a t t erns and channel cros s-s ect ion geome try .  At low 
f l ow s t ream wa ter  go es unde rgo und wh ere c rack sy s t ems int ers ect s tream ch annel s .  On 
f l ows that have been do rmant fo r progr es s iv e l y  longe r p e r iod s of t ime there is less  
evidence of disrup t ed vegetat ion and drainage sy s tems . Some earthflows in  the  Fores t 
have depo s i ts of Mazama ash in po o rl y  drained depress ions , su gge s t ing that the hummo cky 
g round exi s t ed 6 , 7 00 ye ars ago . 

S teep t e rrain in areas of vo l canic l a s t ic bedrock and associated so il s  has been 
s culptured large l y  by  deb r i s  avalanches . Thes e rap id so il ma s s  movement s are ini t iated 
f rom the headwa rd t ip s  of incipient drainage dep r e s s ions (" hol lows " of Dietrich and 
Dunne , 1 9 7 8 ) , from s t r eams id e  areas , and inf requent l y from smo o th s lope s .  Event s are 
c ommonl y  t r iggered as a resu l t  of h igh precipi tat ion on we t so il condi t ions , and mu l t ip le 
windthrow of trees may also be a cont r ibut ing f act or on fo res t ed s ites . Deb r is ava
lanches are a maj o r  me ch anism fo r trans fer of so il fr om s lump-eart h f low featu res to 
s t reams . Slump-earthf low movement ove rs t eep ens the toes of deep-s eated failures and 
c auses them to enc roach on s treams , thus ag gravat ing bank cut t ing and deb r i s  aval anche 
p o t ent ial ( Swans on and  Swans t on , 1 9 7 7 ) . Deb r is avalanch es al so take p lace on the s teep 
headwa l l  areas of some s lump-earthf low featu res . 
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Smal l ,  s t eep channel s  in the lowe r elevat ion hal f of the Fores t area are also 
subj e ct to mass movement s termed deb r i s  t orrent s .  Mos t deb r i s  torrent s ( 82 pe rcent of 38 
invent oried events) a re ini t iated as debr is avalanches from h il ls lopes wh ich ent er 
channel s  and maintain their momentum downs t ream unt il they are s t op ped by ob s t ruct ions or 
b ends in the channel o r  s imp ly by decreasing channel gradient (Swans t on and Swans o n ,  
1 9 7 6 ) . Some debr is torrent s start in channels as a resu l t  of f l o tation of o rganic 
d eb r is .  Many torrent s move through f irs t-orde r channels and can travel up t o  a ki lome ter 
d owns tream int o lower second- and uppe r third-o rder channel s .  The scouring and exposure 
o f  bedrock by debr is torrent s probab ly cont r ibut es to the incised appearance of many 
f i rs t- through th ird-orde r channels in the a rea . Many sma l l  s t reams are f lanked by 2 to 
8 m high s teep banks of c ol luvium and bedrock. 

Other h il ls lope processes transpo r t  soil f r om s lopes to channels in the Fores t ,  but 
do not c reate large scale landfo rms . Sheetwash and ril l eros ion are t r iv ial on al l but 
s everely d i s tu rbed s ites due to low precipitat ion int ens it ies and h igh inf il t ration 
rates . Surface eros ion by dry rave l ,  throughfal l and rain drop impact , and freeze-thaw 
p rocesses is s ignif icant on s t eep slopes . Roo t throw is also an impo rt ant soil trans po rt 
p rocess wh ich does c reate d i s t inct ive , though sma l l  scale , landforms . S o il mant le creep 
and t rans port of material in solut ion are sub tle , but impo rtant , pe rvas ive processes in 
this terrain . 

Fluvial processes , of cours e ,  have p layed impo rtant roles in shaping the landscape 
of Lookout C reek ba s in .  S treams are s teep and development o f  f luvial landforms has been 
cons trained by influences of bed rock, hil l s lope mass movement processe s ,  and la rge 
o rganic debris derived from ad j ac ent fo res t s .  S ignif icant development of f lood plains 
and t erraces occurs along s t r eams l a rger than third-orde r .  Remnant s of al luvial f ans are 
located at j unct ions of sma l le r  s treams with fourth- and f i fth-order s treams ( Swans on and 
Jame s ,  1 9 75b) . The coars e scale of j o int ing in the vo l canic bed rock produces large 
c lasts that become the boul ders and c ob b les covering much of the s treambed area . 

Sed iment yield from f o res ted parts of this landsc ape a2e at the low end of the range 

for mountainous terrain . Anderson ( 1 95 4 )  e s t imates 48 T / km / yr of suspended sediment 
yield for the McKenzie River basin , based on samp les col lect ed in 1949 and 1 9 5 0  be fore 
much development had occurred . Sed iment yiel d from sma l l  fo res ted watersheds in the 

Forest is about 40 T / km
2

/ yr c ompo sed of dissolved , suspended , and bed lo ad sediment in 
o rder of decreas ing cont ribut ion to total yield (Fred r iksen and Har r ,  1 9 7 9 , Swans on e t  
a l . , in press) . Removal of vegetat ion by wil d f i re and logging resu l t s  i n  increased s o il 
e ros ion and sediment yield (Fred riksen and Harr , 1 97 9 ,  and others ) . 

STOP 1 .  SADDLE DAM OF BLUE RIVER RESERVO IR 

This s t op provides an overview of the geographic , geologi c , and geomorphic sett ing 
o f  the field t r ip area and environs ( F igure 1 ) . To the north we look across the B lue 
River Reservoir and into the B lue River drainage . We are on a low divide wi th the 
wes tward f lowing McKenzie Riv e r  south of us . The Lookout C reek drainage and the Andrews 
Exp e r imental Fores t mee t  B lue River at the head of the r es e rvo i r .  

W e  a r e  i n  the we s tern Cascade geologic and phy s iographic provinces . Bedrock i s  
c omprised ent irely o f  P l iocene and older volcanic and subvol canic intrus ive material , and 
landfo rms have been shaped by e ros ional proces ses . The boundary wi th the High Cascades 
l ies about 20 km east of this spo t .  S teep l y  dipp ing , north-t rending , normal fau l t s  wh ich 
are down-dropped on the east form the bounda ry . The High Cascad e s  are pr edominant l y  a 
cons t ruct ional volcanic landscape fo rmed during the past two mil lion years . 

During the P l e i s t ocene , B lue Riv e r  drained di rect l y  int o the McKenzi e  Riv e r  through 
this sad d le dam area ( Swanson and Jame s ,  1 9 7 Sb ) . Pre-latest Wisc ons in g laciers from the 
H igh Cascade p la t fo rm and from the South Fork McKenz i e  Rive r basin f lowed down the main 
McKenzie River val ley and b lo cked the mouth of B lue Rive r .  This ice dam fo rmed a lake 
30+ m h ighe r  than maximum reservo i r  level and dive rted the lowe r Blue Riv e r  to its 
p resent cours e .  Dril ling in the sadd le dam area by the Corp s  of Engineers revealed more 
than 60 m of glacial depos its fo rming a natural sad d le dam below the man-made sad d le dam . 
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Til l ,  outwa sh , and va rved lake sediment s are exp o s ed in the dam a rea . A wo od samp le 
f rom these dep o s i t s  is mo re than 40 , 000  rad i ocarb o n  ye ars ol d .  Along the d r ive up the 
east s id e  of the res e rvo i r  we pass kame terrace dep o s i t s  on the va l ley wal l  ab ove the 
road . Bed rock exp o s ed in road cut s i s  p r edominant l y  prop y l i t ical l y  a l t e red , green , 
l aharic bre ccias cut b y  nume rous ve rt ical , northwe s t-t rending dike s .  

STOP 2 .  WATERSHED 10 

Watershed 10 (WS l O )  has been the pr incipal s tudy s it e  of the Oregon phase of the 
Conife rous Fo res t B iome research . This 1 0  ha wa tershed is prob ab ly the mo s t  int ens ivel y  
s tudied p iece of g round of this scale i n  t h e  we s tern hemi sphere . Res earch s ince 1 9 6 9  has 
examined hydrolog y ,  vege tat ion , nut r ient cycl i ng , aqua t ic biology , and ge omo rphology 
unde r bo th fo rested and recove r ing clearcut c ondi t ions . The 400 t o  5 0 0  year-o l d  s t and of 
Douglas-f i r ,  we s t ern hemlo ck , we s te rn red ceda r ,  and o ther t ree species (Grier and Logan , 
1 9 7 8 )  wa s clearcut wi th di rect ional fal ling wi th j acks and yarded wi th a skyline sys tem 
in the summe r of 1 9 7 5 . Heavy res idues we re ya rded to the landi ng and hauled away o r  
burned there . Limb-s ized ma t e rial wa s hand-cl e aned from t h e  ch annel and piled above h igh 
f l ow l ine . The ove ral l logging op e rat ion wa s de s igned to fol low pr act ic es us ed in 
s tanda rd Fores t S e rvice op e rat ions at that t ime .  Companion W S 9  about 1 . 5  km sout h  is 
ma int ained in the fo res ted condi t ion as a cont rol. 

Geomo rphology research in WS lO is comparing e ros ion unde r fo res t ed and c l earcut 
r ecove ry condi t ions . We do this by deve lop ing eros ion budge t s ,  c omp r ehens ive assessment s 
o f  soil  and sed iment movement by al l s ignificant eros ion processes . The s o il / sed iment 
rout ing sy s t em  is vi ewed as movement of material down s lopes  and ch annel s f r om  one t em
p orary s t orage s i t e  to another . S t orag e  s ites include shal low dep r e s s ions on s lop e s  that 
u lt imat e l y  f a il by  deb r is ava l anch ing (Dietrich and Dunn e ,  1 9 7 8 )  and wed ge s  of sediment 
s tored behind logs in s t reams . Tr ans f e r  processes be twe en s torage s it es range from 
d eb r i s  ava lanches that ty p ical l y  occur  on a few pe rcent of the wa tershed once eve ry few 
c enturies to wa tershed-wid e  pe rs i s t ent processes su ch as su rface e ros ion and s olut ion 
t rans fe r  (Tab le 3 ) . 

Tab le 3 .  Process ch aract e r i s t ics and trans fe r rates of o rganic and inorganic 
material t o  the ch annel by hil l s lope processes (T / yr ) and export  
f rom the  ch annel by  channel processes ( T / yr ) fo r Wat ershed 10 . 

Process 

Hil l s lope processes 

Solut ion trans fe r 
L it terfall  

S urf ace e ros ion 
C reep 
Root throw 
D eb r is ava lanch e 
S lump / earth f low 
TOTAL 

Channel processes 

Solut ion trans fer 
S uspended sediment 

Bedload 
Deb r is tor rent 
TOTAL 

Frequency 

Cont inuous 
Cont inuous , 

seasonal 
Cont inuous 
Seasonal 

1 /yr 
1 / 3 7 0  yr 

S easonal* 

Cont inuous 
Cont inuous , 

s t orm 
S t o rm  

l / 5 8 0  y r  

Area 
inf luenced 

(% of wa ters hed ) 

9 9  
100 

99  
99 

0 . 1* *  
1-2 ** 
5-8% 

1 
1 

l 
1 

* Inac t ive in pas t century in Watershed 1.0 
**Area inf luenced by one event . 
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Mat erial t r ans f e r  
Inorganic Organic 

3 0 . 3  
0 0 . 3  

0 . 5  0 . 3  
1 . 1 0 . 0 4 
0 . 1  0 . 1 
6 0 . 4  
0 0 

10 . 7  1 . 4 

3 . 0  0 . 3  
0 . 7  0 . 1 

0 . 6  0 . 3  
4 . 6  0 . 3 
8 . 9  1 . 0 



An e ros ion budge t has been p rep ared f o r  Watershed 10 in ol d-gr owt h fores t condi t ions 
(Tab le 3 ) . Methods of generat ing these e s t imat es are de sc r ibed by Swans on e t  al . ( in 
p re s s ) . Such a budge t provides a basis  f o r  compa ring processes . For inorganic ma t t e r  
t rans po rt t h e  mas s  movement processes a r e  ve ry impo rt ant , although they a r e  e s t ima t ed t o  
occu r  less  frequent l y  than 1 pe r 3 0 0  ye ars unde r fo res t condit ions . (Note : there are 
many di f f icul t ies in making these es t ima t es , including the dominance of the 30 ye ar 
record by event s t r ig ge r ed in a s ing le s torm of a p r ob ab le return p e riod mu ch gr eater 
than 30  ye ars . )  The mos t  pe rs is t ent proces s ,  solut ion t rans fe r ,  is al so ve ry impo rt ant . 

We are now ob serving ch ange s in the rate of each e ros ion process during the po s t
c learcut recove ry pe riod . Each trans fe r  process and s t o rage site  in the soil / sed iment 
rout ing sys t em  is regulated by a di f fe rent combinat ion of vege t a t ive fact ors . Roo t 
s t rength , fo r examp le , affect s deb r is avalanch e  po t ent ial , and presence of an o rganic 
l i t ter  laye r mode rates su rf ace e ros ion . Cons equent l y  each e ros ion proces s has a di f
f e rent respo ns e  t o  clearcut t ing and revege tat ion . 

Sub s tant ial increases in suspended and bed lo ad exp o rt occurred f o l lowing logging . 
S ed iment yield is l imi t ed by ( 1 )  ava ilab il i ty of sediment fo r t rans p o r t  and ( 2 )  ava il
abil ity of f lowing wa ter , the t ransport ing medium . Snowme l t  peak f lows f r om W S l O  we re 
actua l ly delayed and sma l le r  the f irs t wint er  a f t er logging , but rain generated peak 
f lows we re not affected s ignif icant l y  (Harr and McCorison , 1 9 7 9 ) . Change s we re a t t r ib
u t ed t o  di ffe rences in short term snow accumu l a t ion and mel t .  Inc reased s ediment yield 
has come from increased availab i l i ty of mat e rial from thr ee sources : (l) ma terial input 
t o  the channel during the logging op e rat ion itsel f ,  predominant l y  f ine o rganics , ( 2 ) 
s ed iment that ent e red the ch annel and was s to red behind large debr is before logging , but 
was released from s to rage wh en logs we re removed in the ya rding op erat ion , and ( 3 )  s o il 
f rom po s t- logging accelerated hil l s lope e ros ion . 

Eros ion monitoring faci l i t ies on the wa t ershed include inclinome ter  tube s ,  0 . 5  m 
wide su rf ace e ros ion col lect o rs along the s t ream perime t e r , 2 . 4 m wid e  su rf ace eros ion 
col lect ors on up s lop e s ites , monument ed ch annel c ross-sect ions , s ed iment ponding ba s in ,  
and s t ream gag ing f acil i ty wi th proport ional pump ing s amp le r ( F red rik sen , 1 9 6 9 )  f o r  wa t e r  
chemi s t ry and suspended s ed iment samp ling . 

S TOP 3 .  EXPERIMENTAL WATERSHED S 1 ,  2 ,  AND .3  

These wat ershed s  have long , do cument ed histo ries of l and us e ,  res earch act iv i t ies , 
and e ros ion ( Fred riksen 1 96 3 ,  1 9 6 5 , 1 9 7 0 ,  Fred rik sen and Harr 1 9 7 9 ) . WS l wa s clearcut 
b etween 1 9 6 2  and 1 9 6 6  us ing a s kyline ya rding sys tem and s lash wa s broad c a s t  bu rned in a 
hot f ire in 1 9 6 6 . WS 3 had clea rcut s of 5 ,  9 ,  and l l  ha log ge d  wi th h igh lead cab le 
s ys t ems and s lash was broad ca s t  bu rned . Roads t o tal ling 2 . 6 6  km we re bui l t  at  three 
leve l s  in the wa t ershed in 1 95 9 . Water and s ed iment yiel d ,  p re cip itation , and vege tat ion 
have been monitored s ince befo re logging (Tab le 1 ,  Fred r iksen and Har r , 1 9 7 9 , Dyrnes s ,  
1 9 7 3 ) . WS 2 has been maint ained a s  a c ont rol . 

Vegetation remova l caus ed s eve ral ch ange s in s treamf low ch aract eris t ics . Remova l of  
f ores t vege tat ion red uced bo th int ercep t ion and  t rans p i rat ion , al lowing mo re precipi
t a t ion t o  leave the wat e rshed b y  s t reamf low rather than evapo ration . At W S l  ini t ial 
increases in annua l wa ter  yields we re 4 5-5 0 em ,  about 75 pe rcent of wh ich occurred during 
the wint er rainy season {Rothach e r  1 9 7 0 ) . Yield increases are diminishing as revege
t at ion pro ceed s . Summe r f lows we re increased 3-5 t ime s the f irs t few years a f t e r  log ging , 
but owing to rap id growt h of ripar ian vege tat ion , such increases have di sappeared ( Roth
ach e r , 1 9 7 1 ) . Change s at WS 3 have been smal le r be caus e of l e s s  ext ens ive logging in that 
wat e rshed . 

After logging , peak f lows in f a l l  and spr ing increased up to 2 t imes be caus e s o il 
wat e r  s torage rema ined h igh due t o  reduced evapo t rans p i rat ion (Rothach e r , 1 9 7 3 ) . Large 
p eak f lows in wint er we re large l y  unch anged be caus e ( 1 )  so il s in logged and unl ogge d  
a reas a r e  bo th recharged b y  t h i s  t ime and respond s imil a r l y  t o  precip itat ion , and ( 2 )  the 
hydrologic prop e r t ies of so il we re not al t e red to  the ext ent that su rf ace runof f became 
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s igni f ic ant . On other exp e r iment al wa t ersheds in we s tern Oregon , where s o il di s tu rb ance 
and compact ion by roadbuil ding and t ract or  ya rding we re much gr eater than on WS l ,  s iz e  of 
p eak f lows has been increased (Harr et  al . ,  1 9 7 5 , Harr e t  al . ,  1 9 7 9 ) . 

Variat ion of annual suspended and bed lo ad (ma t e rial t rapped in sediment basin) 
s ediment yields among wat e rsheds has been great . In the f irs t 14 yea rs fol lowing cut t ing 
and bu rning WS l has yielded 12 t ime s as much p a rt icula t e  ma t t e r  as WS 2 .  Much of this 
increase has come from accel erated deb r is ava lanch e  e ros ion a f t e r  clearcut t ing . Seven 

d eb r is ava lanches (> 75 m
3 

each )  moved s o il down s lope b e twe en 1 9 6 4  and 1 9 7 2 . About 7 5  
p e rcent o f  the vo lume o f  soil moved b y  deb r is ava lanch es came from s ites o f  current o r  
p as t  s lump-earthflow act iv i ty , emphas iz ing t h e  impo rtance o f  int eract ions be tween these 
two types of processes . Surface e ros ion processes , pa rt icularly  d ry rave l , also in
c reased sub s tant ial l y  (Mers ereau and Dyrnes s ,  1 9 7 2 ) , but mo s t  s ites of accele rated 
surf ace eros ion h ave retu rned to rates mo re  typical of fo res ted areas . Soil  wh ich has 
ent e red the channel sys tems a f t e r  logging has been rout ed s lowly downs tream thr ough the 
nume rous large logs and a l de r  (Alnus rubra) and wi l low ( S al ix .!!E£..:_) r ip a rian vege tat ion . 
Desp i t e  bu rning and some phy s ical remova l of sediment-t rap p ing o rganic ma t t e r  from the 
main ch annel , much of the so il eroded from s lopes af ter lo g gi ng is s t il l  stored in the 
channel sys t em .  

WS 3 ,  o n  the other hand , exp e rienced ve ry rap id release o f  sediment . Mos t deb r i s  
ava lanche act iv i ty in t h e  wa tershed was rel a t ed to  road s , pr incipal l y  f il l slope failures 
( F red r iks en , 1 9 6 3 , 1 9 6 5 , 1 9 7 0 ) . The masses of f il l  ma terial ent ered s t eep headwater  
channel s and moved rap id ly downs t ream swe ep ing up  al luvium , col luvium , and s t reams id e  
veg e t a t ion along t h e  way . This se ries o f  deb r is t o rrent s i n  t h e  maj o r  De cembe r 1 9 6 4  
s torm moved abo ut two-thirds o f  t h e  t o t al part icul a t e  mat t e r  exp o r t  from W S 3  ove r the 
f irs t 1 7  yea rs af ter logging and road cons t ruct ion . About 8 0  percent of exp o rt fo r the 
p e riod occurred in two days . Total po s t- log ging yield  has been abo ut 90 t ime s that of 
c ont rol WS 2 .  

The deb r i s  t o rrent h is tories of WS l and W S 3  have de termined the cont ras ts in the i r  
s ed iment yiel d histories . T h e  road f il l  f ailu res at t h e  heads of long , s teep , s t raight  
channel s ini t iated deb r i s  t o rrent s wh ich f lushed the WS 3 ch annel sy s t em .  No t o rrent s 
have f lushed the W S l  channel s be caus e of a va riety of f act ors , including deb r is ava lanch e  
l o cat ion i n  t h e  wa t e rshed . WS l deb r i s  avalanches have n o t  had su f f icient ve lo ci ty , 
volume , and s t raigh t down-ch annel t raj ectory to t r ig ge r deb r i s  torrent s .  Annual sediment 
y ield from WS 1 now exceeds yi el d from W S 3  as sediment is s lowly rele ased from s t o rage in 
the lower W S l  ma in channel and as s o il is eroded from an act ive earthf low in the up p e r  
p art of t h e  watershed . 

S TOP 4 .  LOOKOUT CREEK EARTHFLOW 

This  900  m long and 150  m wide earthflow is moving sout h int o Looko ut C reek at an 
ave rage rate of about 10 cm /yr ( F igure 2 ,  Swans on and Swans ton , 1 9 7 7 ) . B ed rock is a 
variety o f  vo l c anic l a s t ic material s capped by a basal t  f low wh ich is the source of b lo cks 
f o rming the talus s lope at  the head s c a rp . Excep t fo r two smal l clearcut areas , the 
earthflow is fo res ted , ma inl y wi th 4 00 t o  500 ye ar-o l d  t rees in the lowe r half while mo s t  
t rees o n  the upp e r  hal f we re  estab l i shed f o l lowing a wi l df ire i n  the mid-1800 ' s .  

The earthf low landscape  i s  irregular wi th scatt ered s t eep (> 6 0% )  s lop e s , wh ich 
p robab ly rep resent vege tated s c a rp s ,  and many low rel ief areas , including po orl y d rained 
d ep ress ions . Drainage p a t t ern and ch annel c ros s-s ect ional ge ome t ry are ve ry irregula r .  
The earth flow can b e  divided int o thr ee act ive b lo cks in the lowe r hal f o f  the whol e 
earthflow . Each b lo ck is bo unded by op e n ,  lat eral shear cracks and a tens ion crack 
s ys t em  a c ros s the head ( F igure 2 ) . The up per half  of the earthf low does not ap pear t o  
have been act ive i n  t h e  last  centu ry or  so , based o n  s t ra igh t growth o f  t rees i n  that 
a rea . 

Earthf low movement is monitored wi th ( 1 )  stake a rray s  ( s train rh omb s )  ac ros s act ive 
c racks to  me asu re rel a t ive su rf ace movement be twe en b lo cks , ( 2 )  inc linome ter tub e s  for 
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moni toring ve rt ical ve locity prof ile s ,  ( 3 )  c rackme ters to record cont inuous l y  the op ening 
of c rack sys tems , ( 4 )  theodo l i t e  su rveys of po int s on the earthf low f r om s tab le refe rence 
p oint s off the earthf low , and ( 5 )  anal ys is of t ree rings in scar  t is su e  on l ive t rees 
b eing s p li t  up the mid d le be caus e they s t rad d le an act ive c rack ( Swans on and Swans ton ,  
1 9 7 7 ) . Wat e r  inp u t s  i n  rain and snowmel t  and groundwa t e r  leve l s  are also  cont inuous l y  
recorded , so that movement-water  input rel a t ions c a n  be examined . The pu rp o s e  of the 
wo rk is to  ga in a ba s ic unde rs tanding of earthf low behavior  so we can be t t e r  assess  
impact s of management act iv i t ies on this eros ion p r oces s . 

The f ive year record of annual movement from rep eat su rveys of s take array s revea l s  
large ye ar-t o-year diffe rences i n  movement , de termined by  wa t e r  input s  during current and 
p revious years (Tab le 4 ) . Ve ry l i t t l e  movement occurred in the 1 9 7 6- 1 9 7 7  drough t  ye ar , 
and this dry pe riod appears to have also caused low t o tal movement rate in the next ye a r .  
Movement i n  1 9 7 8- 1 9 7 9  was twi ce that i n  1 9 7 7- 19 7 8 ,  al though the mo re recent pe riod had 2 0  
p e rcent l e s s  pr ecip itat ion . 
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Tab le 4 .  Stake array me asu r ement s of movement of Lookout C reek earthf low . 

S t ake 

S t ake array 2 me asu res movement rel a t ive to s t ab le ground . Array s  
3 and 6 measu re rel a t ive movement be twe en two moving b l o cks . Pre
cip itat ion da ta  are from WS 2 me teorology s tat ion . 

Earthflow Movement ( cm /yr ) 
a rray 1 9 7 4- 1 9 7 5  1 9 7 5- 1 9 7 6  1 9 7 6- 1 9 7 7 1 9 7 7- 1 9 7 8  1 9 7 8- 1 9 7 9 * *  

2 9 . 6 14 . 2  0 . 2  6 . 1  13 . 1  
3 5 . 0  8 . 6  0 . 7  3 . 9  9 . 2  
6 no da ta  5 . 9  0 . 7  2 . 8  5 . 9  

Total precip itat ion (mm) 
Oct . 1-June 1 2 2 2 5  2 3 6 1  1049 2 1 2 5  1 7 0 7  

*Located o n  F ig . 3 
* *Movement da ta  f o r  this ye ar are p r el iminary 

Comparison of c rackme ter  and precipitat ion records :I-ndi cates t igh t cont rol of move
ment rate by wa ter ava ilab il i ty ( F igure 3 ) . Movement at this s ite do es not begin in the 
f a l l  unt il nearl y 90 em of  rain has fal len . Once the sy s tem is p r imed wi th wa ter , move
ment cont inues at a s low rate unt il spr ing excep t f o r  p e r iods of acce l e r ated movement in 
r espons e to s to rm pe riods of wa t e r  input in excess of about 12 cm / 2 4  hr . 

E 
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Figure 3 .  Cumu la t ive wa t e r  input and rel a t ive movement at c rackme ter  lo ca t ed at  s ite 6 
( F ig . 2 ) . Movement curve is da shed fo r pe riod wh en onl y  total movement is known . 

227 

E 0 

1-::J 0.. z 
0:: w 1-<t 
3: 
w > 
1-<t _l ::J � ::J u 



Sed iment de l ive ry to Lookout C reek occurs b y  bank cut t ing and 
a f ter long periods of earthf low movement cons t r ic t ing the ch annel . 
e p isode of s ed iment input t o  Looko ut C reek from this earthf low wa s 
1 9 6 4  and Janua ry 1965  f loods . 

s t reams id e  s l id e s  
T h e  l a s t  maj o r  

during t h e  Decembe r 

Earthf low moveme nt s can af fect the s t ructure and species compo s it ion of fo res t 
e cosys tems . For examp le , d i f f e rent ial movement near s take ar ray s 7 ,  8 ,  a nd 9 ( Fig ure 2 )  
h a s  t ipped and s p l i t  t r ees , lead ing to  mu ch windthrow ,  many hol e s  i n  the canop y ,  and a 
mul t ileveled fo res t wi th abundant unde rs t o ry vege tat ion . C lo s e  up s lop e , in areas of no 
recent earthf low movement , the canop y of Douglas- f i r  and we s tern hemlock is comp le t e ,  
heav i l y  shad ing lowe r leve l s  o f  the fo res t and , thereb y ,  greatly  l imit ing unde rs tory 
d evelopment . 

STOP 5 .  REVEGETAT ING DEBRI S AVALANCHES AND TORRENT SITES 

This  road ba cks lop e failed in 195 7 ,  ent ered the ch annel below the road , and this 
ma terial moved as a deb r is to rrent downs t ream t o  Lookout C reek . The s l ide scar wa s 
p l ant ed wi th Doug las-f ir seed lings many of wh ich su rvived ; but they have s tunt ed growth 
and a ch lo ro t ic condi t ion from growi ng in the nut rient def ici ent sub so il . The t o rrent 
t rack is now a lush s tand of al de r ove rtop ped by a few b lack c o t t onwood ( P opu lus trihc o
c a rpa) . 

More than 14 0 su ch deb r i s  ava lanches  moving gr eater than 7 5  m
3 

of so il  have o ccurred 
f rom fo res ted , c learcut , and road r igh t-of-way s i tes s ince 1 9 5 0  (Dyrnes s ,  196  7 ,  Swans on 
and Dyrnes s , 1 9 7 5 ) . Al l but two event s began in s o il de rived from vo l c anic l a s t ic b ed rock , 
indicat ing the s t rong cont rol of bed rock and s o il types on s lope s t ab il i ty .  In the 
d eb r is avalanch e-p rone part of the Fores t ,  rates of deb r i s  ava lanch e  e ros ion from clear
cut s  and road r igh t-of-way exceed the fo res t rate by 2 . 8  and 3 1  t ime s  respe ct ive l y ,  ba sed 
o n  rates calcula ted by dividing so il vo lume moved by 28 ye ars and by the area in each 
land s tatus at the end of the record . This e s t ima t e  of management impact on deb r i s  
avalanch e e ros ion is  s imilar  t o  resu l t s of o ther s tudies i n  the Paci f ic No rthwe s t  ( Swans ton 
and Swans on , 1 9 7 6 ) . 

This me thod of measu ring management impa ct s can resu lt  in sub s tant ial unde r- or 
ove res t imates . Management impa ct s may be ove res tima t ed b e caus e ( a) fo res t rates are us ed 
as the natu ral deb r i s  ava lanch e e ros ion rate , but the actual natu ral rate shoul d incl ude 
p eriods of accele rated e ros ion fol lowing natu ral d i s tu rb ances su ch as wi l d f i re ,  (b) in 
the case of road s , anal ys i s  on this t ime scale as sesses  impact s of some road cons t ruct ion , 
s it e  lo ca t ion,  and ma int enance pr act ices no longe r emp loyed , and ( c) management impact s 
a re onl y tempo rary and there may be a one to two de cade period of accel e r ated e ros ion 
f ol lowed by  a lo ng int e rva l of deb r is avalanch e  e ros ion at  rates lowe r than in olde r  
f o res ted areas . If  ( c )  i s  t rue , cut t ing may affect the t iming o f  deb r is ava lanch e 
e ros ion mo re than the ove ral l lo ng term rate . On the o ther hand , management impa ct s f o r  
general Nat ional Fores t land may be unde res tima t ed b y  Andrews Fores t da t a ,  be caus e 
logging and road ing have general ly  been conduct ed wi th the h ighes t cont empo rary s tan
d ards . Furthermo re , int ens i ty of t imbe r harve s t  act iv i t ies in the Fores t has de cl ined 
ma rkedly s ince the mid-1960 ' s .  These e s t ima tes of impact are also  cons erva t ive be caus e 
the calcula t ion me thod us es area in each land s t atus at the end of the invent o ry period . 
This is the t ime of smal le s t  fo res ted area and larg e s t  clea rcut and road r igh t-of-way 
a reas . S ince we divide t o tal vo l ume of soil moved by deb r i s  ava lanches for  the pe riod by 
these area t e rm s , the fo res t deb r i s  aval anch e  e ros ion rate is  ove res t ima t ed and road and 
c learcut rates are unde res t ima t ed . 

The re is need fo r assessment of deb r i s  avalanch e  impact on lo ng t e rm  t imbe r pro
duct iv i ty . This invo lve s  de t e rmining bo th landsc ape  area impact ed by deb r i s  avalanch es 
and the recove ry of product iv i ty on thes e s i t es . General ob serva t ions sugge s t  that area 
a f fected is  less than a few pe rcent of the lands c ape , even in deb r is ava lanch e-p rone 
a reas ; but recove ry rate may be so s low that at leas t one rotat ion of t imbe r product ion 
may be los t .  
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S TOP 6 .  MACK CREEK 

The ad j acent clearcut and fo res t ed reach es of Mack C reek h ave been s ites of int ens ive 
s tream e cosy s t em  research s ince the early 1 9 7 0 ' s ,  includi ng s tudies of condi t ions and 
r o l e s  of la rge organic deb r i s  in s t reams . Large wo ody deb r is de rived from the adj acent 
f orest  shap e s  aqua t ic hab itat s ,  provid e s  nut rient s ,  c ove r ,  and sub s t rate fo r aqua t ic 
o rgani sms , and regulates movement of s ediment , part icul a t e  o rganic ma t t e r , and wa ter  
t hrough the  s t ream sys tem . C ons equent l y ,  natural or  man-impo s ed ch ange s in deb r is con
d i t ions affect phy s ical and biologi cal funct ions of s t reams . 

Deb r i s  condi t ions va ry wi th s t ream s iz e . Concent rat ions of coars e wo ody deb r i s  ( > 10 
em diame ter)  general ly  decrease downs t ream wh ere wid e r  ch annel s hav e  greater t ransport  
c ap ab i l i ty and the canop y is  op en ove r the s t ream ,  so  input of la rge woody deb r is is  
l owe r . Large deb r is in  f irs t- and s econd-o rde r s treams is  randoml y  d i s t ribut ed along 
s treams , and i s  general l y  located where i t  init ial l y  fel l ,  be caus e the s tream is too 
sma l l  to move it . Int ermed iate-s ized s t reams , su ch as this third-o rder  s e ct ion of Mack 
C reek , can move some large pieces of d eb r is at f lo od f lows , but not whole down t rees . 
Therefore , these s t reams have sc a t tered , d i s t inct accumu l a t ions , many of them affect ing 
the fu l l  channel wid t h .  Large r ive rs can trans po rt al l deb r is that ent e rs them and they 
d ep o s i t  this ma terial h igh on the banks and on up s t ream ends of is lands . This ma t erial 
t hen affect s the s t ream only at high f low.  

We have s tudied the h i s t o ry of large deb r i s  in Mack C reek by  da t ing log input to  the 
s tream wi th t ree-ring anal ys is  ( Swans on et al . ,  1 9 7 6 )  and by  fol lowing ch ange s in deb r i s  
c ondi t ions through t ime . General ly we have ob served sc att ered input s during wind s torms 
and this ma t erial move s and accumu l a t es on the large , s tab le debr is j ams during ve ry h igh 
f low event s .  Map s made in 1 9 7 5  of Mack C reek ab ove the road cros s ing ( F igures 4 and 5 )  
c an b e  compared with the di s t r ibut ion o f  log s  today t o  ge t a me asu re o f  va r iab il i ty of 
d eb r is condi t ions . Much of the ch ange occurred during a h igh f low event in Novembe r 
1 97 7 .  The ma in accumu l a t ions wh ich we re keyed on large , down , o l d  gr owth t rees (MA-13 
and MA-16)  have rema ined intact wi th mino r mo di f icat ion . Accumu l a t ion MA-14 appears t o  
h ave washed o u t  be caus e t h e  ma in p iece had de cayed and part ial l y  col lap sed unde r i t s  own 
we igh t .  It was ,  therefore , hit  di rect l y ,  broken up , and washed downs t ream b y  the h igh 
f low . So in s t reams of this s iz e , deb r is condi t ions ch ange as  a resu l t  of new inp ut s ,  
r ed i s t r ibut ion during h igh f lows , and the s low , c ont inual process o f  wo od de compo s it ion . 

Monitoring of this s i t e  wi l l  cont inue on a lo ng t e rm  b a s is . Change s are ob served by 
annua l ly map p ing any new or move d p ieces and by  rep eat su rvey s of monument ed ch annel 
c ros s-sect ions . Change s in the adj acent fo res t wil l  be fol lowed by annual ch ecks of a 
map showing s t anding and down live and dead t rees in a 2-h a area s t r ad d l ing the c reek . 
D eb r i s  condi t ions in s t reams of o ther s iz e s  of the s ame fo res t ty pe , and some f l.owing 
through younger  s tands , are be ing monitored at o ther sites  in the area . 

Rep r int s of ci t ed pap e rs and o ther l i t eratu r e  on res earch in the H .  J .  Andrews 
Exp e r iment al Fore s t  are ava ilab le through the aut hors or the Res id ent Manage r ,  H .  J .  
Andrews Exp e r iment al Fores t ,  P . O .  B ox 300 , Blue Rive r ,  Oregon 9 7 4 1 3 . 
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