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PREFACE 

The geo logy of Oregon is as vari ed and fasc inating as tha t of any state of the Union. East of Port
land l ies the north-south trending  Cascade Range, a snow-copped vo lcanic pi l e .  Farther east l i e  f lood 
basa l ts ,  ba tho l i th ic h i ghs, and Basin and Range terra i n .  West of the Cascades the interaction of land , 
sea , and volcanism has l eft a cha l lenging geo logic record . 

I n  tune w i th geologic deve lopments around the wor ld ,  the p lo .te tectonic model  is find ing i ncreas i ng  
appl ication to the geo logy of  the Sta te of  Oregon . The imbricate thrust com p lex of  Mesozoic rocks i n  
southwestern Oregon has been attri buted to sea-floor spreading, and recently the eni gmas associa ted 
w i th the Co lebrooke Sch ist have begun to yie ld to ana lysis i n  terms of the "new tecton ics . "  Recent work 
in the Tertiary un i ts about the periphery of the K lamath Mountains may soon lead to an even more accurate 
appra isa l of the a ge and nature of the later sta ges of p late tectonic activity in tha t area . C loser to home, 
the Coast Range is large ly unmapped and i s  r ipe for reinterpretation i n  terms of the new tecton ics . 

The fau l t  b locks, basa l t  f lows, and i gnimbr i tes of southeastern Oregon are undergoing re-eva luation 
i n  terms of some of the subtler aspects of sea-floor spreading .  Tensiona l sheari ng  related to deep-seated 
upwel l i ng  may account for the topping of basa l tic ma gma a t  depth and for the regiona l deve lopment of 
b lock fau l ting .  S im i lar mechanisms may account for the extensive flood basa l ts of the Col umbia R iver 
Group to the north . Both may be part of a larger picture in which late Miocene re-orientations of p late 
tecton ic features profound ly affected the geo logy of much of the Pacific Basi n  and the wor ld . 

Goin g  back  i n  time,  the ear ly  and m idd le Tertiary andesi tes of the Cascades Range and the John Day 
Basin may be interpreted as vo lcanic mater ia l produced by d ifferentia l me l t ing of a l i thospheric p late related 
to an ancestra l Pacific Basin r ise system . Sti l l  further back in time,  many of the Pa leozoic exposures of 
northeastern Oregon may represent struc tura l s labs of oceanic rock brough t together in a subduc tion zone 
by sea-floor spreading .  V iewed in th is l i ght ,  our fa i lure to relate the various un i ts stra ti graph ica l ly 
is not on ly understandab le,  i t  is to be expected . Wi th the present day strati graphic  techniques, perhaps 
our a im shou ld be to understand the structura l rela tionships of the un i ts and to reserve fina l strati graph i c  
synthesis unti I la ter . 

Prac tica l use of the geo logists ' know ledge of Oregon is i ncreasing as c i ti es and counties become 
more aware of the i nf luence of mass movement, seism ic activity,  and ground water on urban deve lopment .  
S im i lar ly,  various governing  bodies and segments of  private i ndustry are  i ntegra ting  more and more geo logic  
data i nto their p lanning process . Concern for eco logy is foremost i n  the m inds of  the peopl e ,  and a know l
ed ge of geo logy i s  basic to an understanding  of the environment . 

Geo logy i n  Oregon has outgrown i ts h istorica l rol e  as just a basic tool of research and production 
for the m inera l i ndustry , a l though th i s  wi l l  a lways be one of i ts important functions . Geo logy i n  Oregon 
today is an integra l part of land-use planning, energy resource appra i sa l s ,  power plant s i t ing, and water 
mana gement .  I t  is respons ib le for the body of know l ed ge wh ich surrounds a potentia l new source of a lmost 
po l lution-free power w i th in  the state - geotherma l steom . 

As shown by the variety of the fie ld trips presented here, i t  is evident that there is room in  Oregon 
for spec ia l i sts i n  a l l  aspec ts of geo logy .  F ie ld Trip  1 views the Cretaceous marine strata and Tertiary vo l
canic and vo lcan ic lastic deposi ts of centra l Oregon . F ie ld Tri ps 2 and 3 respective ly  investi gate the 
ear ly Tertiary and m idd le Tertiary records of western Oregon . Trips 4 and 6 are a imed primari l y  a t  the 
geo logy of the Columbia River Group and associated units .  The former studies the geo logy of the Co l umbia 
R iver Gorge; the latter concentrates on some of the newer techn iques of ind iv idua I f low recogni tion . Trip  
5 is a tour of  the urban geo logy of  the Port land areo , and  Tr ip  7 is an unguided tour of  the lava caves of 
nearby Mount St . He lens in Wash i ngton . 

John Beau I i eu , Stra ti grapher 
Oregon Department of Geo logy and Minera I I ndustries. 
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H UDSPETH AND GABLE CREEK FORMAT IONS 

K eith F .  O l es 

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

With i n  the comp lex of ranges and h igh land areas of central Oregon--a region described as the 
B l ue Mounta i ns section by Thornbury ( 1965)--there are at l east sixteen l ocal it ies where Cretaceous marine 
and cont inental rocks crop out . I n  an  area of approximate l y  2 ,500 square m i les--from as far east as 
Dixie Butte near Prair ie C ity , as far south as Suplee, and as far west as Mitche l l  (Figure 1 )-- these Cre
taceous rocks occupy geographica l ly isolated pockets rangi ng from a few acres to scores of square m i les 
in extent .  Dom i nating part of this region is a sequence of east-west-trend ing ranges i nc l ud ing the Ochoco 
Mounta i ns and the Strawberry Mounta i ns; a majority of the Cretaceous loca l i t ies l ie north of these ranges . 
Of these outcrop areas, the most extensive by far is that ly i ng in  the vic inity of Mitche l l  ( 1 ) . Here , 
mar ine and cont inenta l  sedimentary rocks of A lbian and Cenomanian age crop out over more than 70 square 
m i l es .  The sequence, more than 9 ,000 feet thick , l ies with angu lar unconformity on Permian metasedi 
mentary rocks, a nd i s  over la in  unconformab ly  by Tert iary lavas and vol canicl ast ic sedimentary rocks . The 
Cretaceous rocks have been fol ded , complexly fau l ted , and d i srupted by numerous faul t-contro l l ed and 
random ly or iented i ntrusions of Tert iary age . 

The Cretaceous rocks are d iv ided i nto two i ntertonguing format ions .  One,  a widespread and thick 
sequence of mar ine mudstones, with subordi nate s i l tstones and sandstones,  is the Hudspeth Format ion. 
I ntertonguing i ntricate ly w ith these mar ine rocks are the fl uvia l  and del taic  conglomerates and sandstones 
of the Gab le  Creek Formation. The tota l sequence consists of the Basa l Member of the Hudspeth Formation, 
a th in  sandstone and cong lomerate unit ly ing unconformab ly upon the Perm ian basement rocks; a thick 
mudstone and s i l tstone unit designated the Mai n  Mudstone Member of the Hudspeth Formation; and twe l ve 
conglomerate and sandstone members of the Gable Creek Formation i ntertongui ng with a l ike number of 
mudstone and s i l tstone units of the Hudspeth Formation. Shapes of tongues, textural and thickness varia
t ions, and primary sed imentary structures show that during m idd le Cretaceous t ime there was a rising l and 
mass on the north . Very large vol umes of coarse sed ime nt apparently were del ivered by major r ivers to a 
sha l low mar ine embayment, and exte nsive a l l uvia l piedmont and de l ta p la ins projected into this sea . 
Swing ing distributaries, episodic  up l ift of the source areas , and i ntermi tte nt subsidence of the basi n  
caused the shorel i ne to fl uctuate and produced a complex i ntertongui ng o f  fluvia l -deltaic and mari ne 
sediments . 

The descr iptions that fol low have been l arge ly abstracted or paraphrased from two publ ications: 
an  art ic le  in the American Association of Petro l eum Geo logists Bu l le t in  (Wi l k i nson and Oles , 1968), and 
Bul l et in  72 of the Oregon State Department of Geology and Mi nera l Industries (Oies and Enlows, 1 97 1  ) ,  
which i nc l udes a geologic map of  the Mitchel l quadrang l e .  

S t r a t i gr a p h y  

Basement rocks 

T he ol dest rocks in the Mi tchel l area are metasediments of l atest Pal eozoic age (Table 1 ) . They 
are exposed mainl y  at two loca l it ies . The sma l l er of these outcrop areas, l ies in the v ic ini ty of Meyers 
(])Mi tche l l  quadrangle,  30' series, 1 926; Mi tchell quadra ngl e, 15' ser ies , 1 966 , and Lawson Mou nta in 

quadrangl e, 7�' series ,  1 968 . 
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Tab le  l. Composite stratigraphic column ,  centra I Oregon . 

....,: Qol Q) Va l ley fi l l  and f lood-plain deposi ts; .. 
Qls ..... :0 62 4 Qua ternary deposits Qf; c extensive lands l ide areas; remnants ;,:� :J ·;:: �'!; 0 Qb g of high , older fans; basa l t  flows 

Td: Vo lcanic sil tstones, sandstones, 

Deschutes Ratti esnake 
cong lomerates; many interca lated 

Formation 'VV'Formation 
basa l t  flows , ignimbrites 6.4 
Volcanic cong lomerates and sand-

imbrite 12.0 

Thick basa l t  flows; Yakima above, 14.0 
Colum bia Picture Gorge be low 
River Fine-gra ined volcanic sediments; 
Group loca l dia tom ite , ignimbrite 

>-
a:: 
4 
..... Varicolored fluvia l  and lacustrine tuffs, 
a:: 0 sandstones, cong lomerates; ign imbrites 
w John Day Formation Tjd 0 
..... 0� 25 

�· Tir ,  Tid: Various leucorhyol ite and I 
0 dac i te intrusions 

30-
36? 

Andesite f lows , mud flows, lacustr ine 
and f luvia l tuffs from loca l vents; i n  
Mitche l l area main ly  from Keyes 

C I arno Group 
Mtn . ;  vent lomerate 

Th ick andes i te flows; varicolored 
Lower tuffs; loca l vo lcanic brecc ias . 

Tia ,  Tib: andesi te and me labasa l t  
in trusions 

V> 
:J 46 
0 KQC F luvia l-de l ta ic Gab le  Creek sandstones 100 
w Gab le  Creek + 
u ·o and cong lomerates (ll members) i ntr i-4 and 0 ..... 0 cate ly  i n tertongued wi th mar ine Hudspeth w Hudspeth Formations ai a:: Kh mudstone ,  si l tstones, th in sandstones ( 1 2 106 u members p lus a basa l un i t- Khb) 

230 
? 

z Phyl l i tes, cherts , and crystal l i ne 
4 Metasediments Pms ? I i mestones - metamorphosed mar ine � 
a: sedimentary rocks . 
w a. 
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Factors 

L i thology 

Shape 

T hickness 

Terminations of 
tongues 

Bedding 

Textures 

Basa l 
contacts 

Sed imentary 
tructures 

Foss i l s  

Table 2 .  Properties of tongues, Gable  Creek and Hudspeth Formations 

Gable Creek Fm . 

Conglomerate and sandstone , minor s i l tstone 
and mudstone 

Hudspeth Fm . 

Mudstone , s i I tstone , m inor 
thin sandstone beds 

Wedge shape or tongues; loca l l y  d iscontinuous 

Range 0 at terminations to 700 ft . for tongue 
9; tendency: th i n  or wedge out southward 

Range 0 at terminations to 
a l most 3, 000 ft . for Main 
Mudstone Member; tendency: 
th i n  or wedge out northward 

Abrupt: comp lex intertongu ing and facies 
changes produce termi nations genera l l y  w ith in  
1 mi le  d istance a long strike 

Laminated fine-grained rocks to 25-ft . 
thick cong lomerate beds 

Very fine-gra ined sandstone to bou lder 
conglomerate . Tendencies: finer gra ined 
upward , progressive ly fi ner gra ined southward 

Sharp; erosiona l and disconformable  

Scour-and-fi l l ,  cross-bedding dom inant; 
graded beds common; lensing sandstones 
common; loca l ripple marks , mud cracks,  
planar orientation of pebb les; scarce load 
casts and imbrication 

Scarce; genera l l y  only pl ant debr is; loca l 
coa ly  b lebs; pe lecypods i n  upper transi
t ion zones 

Lam inated to 4-inch sandstone 
beds 

Mudstone, si l tstone , with 
m i nor very fine- to coarse
grained sandstone .  Marked 
changes a long stri ke to 
coarser c lastic rocks at  ter
m ina tions of tongues 

Conformable and gradationa l 

Prevai l i ngly laminated; loca l 
scour-and-fi l l ,  cross-lamina
t ion or-bedding ,  mud cracks; 
load casts common in l ensing 
sandstones; fl ute casts loca l ly  

Local ly abundant ammon ites; 
rare sandy zones conta in 
echinoids, ammonites, fish 
teeth , p lant debris; local 
worm tubes, gastropods 
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Canyon (SW! sec,  1 3  and NE! sec .  23 , T .  1 1  S . ,  R .  2 1  E . ) .  Here , i n  the steep wal l s of Meyers Canyon 
and a para l l e l  tributary immediate ly  south, are exposed about 60 acres of phyl l ites and subordinate crystal 
! ine I imestones . I n  the center of the outcrop is an i nteresting occurrence of bl ue sch ist . The metamorphic 
rocks stand nearly vertica l l y ,  are i ntense ly defqrmed,  and have numerous isoc l ina l  and sub-isoc l i na l  fo lds . 
Quartz boudins are common to the crestal areas of the folds . 

The crysta l l i ne I imestones crop out in pods and l enti eul er masses up to 50 feet in l ength or i n  long 
stringers within the enclosing phy l l ite s .  The pods appear to be tectonica l l y  d isl ocated l enses of former 
I imestone beds, Fusul inids, too poor ly preserve� to permit generic identifi cat ion , have been co l lected 
from the I i mestones by Dr . David A .  Bostwick 2 ) . The sizes and shapes of the fusul inids suggest a 
Permian age , and they resemble Early Permian forms found i n  the Coyote Butte Formation in the Grind
stone Creek area 45 mi les to the southeast . 

The l arger of the mai n  basement outcrop areas l ies farther to the northeast i n  the vici nity of Tony 
Butte , About two square miles of the older rocks are exposed in parts of sees . 34, 35 , and 36, T .  1 0  S . ,  
R .  2 2  E . ;  sees . 1 ,  2 ,  3 ,  and 1 2 , T .  1 1  S . ,  R .  22 E . ;  and sees .  6 and 7, T .  1 1  S . ,  R .  23 E .  The major 
l ith ic  types are phy l l ites, crysta l l ine l imestones, and cherts . 

Cretaceous rocks 

Summary of the section: The total sequence can be described i n  the fol lowing genera l ized terms 
(Figure 2 ). F irst , the Basal Member of the Hudspeth Formation is a th in (76 feet at Meyers Canyon) 
sandstone and conglomerate unit which l ies with angular unconformity on the Permian metased imentary 
rocks . Solution and honeycomb weatheri ng of the Permian l imestone masses resul ted in depressions which 
later were fil led by sands of the Basal Member , Direct ly  overly ing the eroded metamorphic rocks is a 
basal sandstone which incl udes subangular to subrounded pebbl es and cobb les of chert, l imestone , and 
phy l l ite, apparently deri ved from the underlying rocks . Succeedi ng the basal cong lomeratic sandstone 
is a sequence of sandstones and th in  conglomerate beds.  

Transitional above the Basal Member is a very thick (2, 897 feet a long the pri ncipal reference 
section) mudstone and si l tstone unit,  the Ma in Mudstone Member of the Hudspeth Formation. Thence 
upward in the section there are an additional twe l ve tongues of the Hudspeth Format ion and twe l ve tongues 
of the Gable Creek Formation . The youngest C retaceous rocks exposed i n  the area belong to Hudspeth 
tongue 1 2 .  Cropping out only in sees . 5 through 8, T .  1 2  S . ,  R. 22 E . ,  these marine rocks are over lain 
unconformably by the Tertiary C larno Formation . 

Age of Cretaceous rocks: The Cretaceous strata range i n  age from early Albian to Cenomanian .  
These dates are based on fauna l su i tes of ammon ites and pe lecypods . Foss i l  determ inations have been 
made by Anderson ( 1 938, 1 958) , Jones and others ( 1 965) ,  and Packard ( 1 928, 1 929 , personal communica
tions 1 969, 1 970) . The bulk of the section apparently is Al bian i n  age . However, i n  Gable Creek tongue 
1 1 , in the Johnson Creek val ley , Trigonia sp . have been co l l ected which corre late with Cenomanian forms 
described by Packard from the Antone loca l ity farther to the southeast.  For a description of some of the 
faunas which have been  described up to 1 960, the work of Popenoe and others ( 1 960) is very he lpful . 

C r e ta c e o u s  P a l e o g e o g r a p h y  

I n  the search for criteria he l pful i n  paleogeographic reconstruction,  the coarser clast ic  rocks of the 
Gab le Creek Formation and the interca lated sandstones of the Hudspeth Formation yie ld the most data . 
The conglomerates and sandstones return the most i nformation on provenance and depositional environments . 
The mudstones and si l tstones of ,the Hudspeth Formation ,  which compose up to hal f of the tota l sequence , 
exh ibit fewer environmental signatures .  

A descr iption of some of the properties of the rock units fo l lows !Table 2). 
(2) · Department of Geo logy , Oregon State University , Corva l l i s 
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Shape of outcrop area 

The area of outcrop of Cretaceous rocks in the Mitche l l  and Lawson Mountain quadrangles is e lon
gate , being more than 22 mi les  al ong strike , northeast to  southwest , N orth of the east-west-trending 
Mitche l l  fau l t  the maximum outcrop width across the strike is about 5 m i l es ,  whereas south of the faul t the 
width is up to 1 2  miles . As a resu l t  of deep dissection the discrete members of the two formations are 
discontinuous; moreover, fau l ting, intrusions, and unconformab le  overl aps by Tertiary strata conceal or 
obscure much critical pal eogeographic i nformation (Figure 3) . A l though the area is l imited in size and 
continuity , the Mitchel l  antic l ine--the major flexure of this area--does afford a three-dimensional view 
in that several members are present on both flanks of the fol d  and can be corre lated across the axis . This , 
coupl ed with mul tip le  observations al ong strike , indicates that the members of the two formations are wedge
shaped and can be designated as tongues . 

Within the upper part of the Cretaceous sequence seven tongues of the Gab le Creek Formation 
(tongues l, 2, 4, 5 ,  7, 8, and 1 0) wedge out southward into the marine facies of the Hudspeth Formation . 
The other five Gab l e  Creek members thin markedly and become finer grained southward . I n  obverse manner, 
four Hudspeth members (tongues 2, 3,  6b, and 8) wedge out northward into the Gable Creek Formation (Fig
ure 4) . Most of the other Hudspeth tongues are truncated at the major east-west-trending Mitche l l  fau l t .  
However, a l l  thin marked ly northward. 

Observations a long Gable  Creek tongues show that the l oss of thickness is accompl ished principa l ly 
through repeated l ateral facies changes at the bottom of each unit . The mechanism resu l ts in a southward 
thinning of the total sequence as, successively ,  the bottommost congl omerate beds transitional ly and l ateral 
l y  pass into sandstone and sil tstone , u l timate ly to merge with the si l tstones and mudstones of the Hudspeth 
Formation . This is a typ ica l  regressive re lationship with cont inental and nearshore sediments extending 
basinward over penecontemporaneously deposited finer-gra ined marine detritu s .  

Textural changes within Gable  Creek tongues 

Textural changes within each Gab le  Creek Member are considered in both a vertical and a l atera l ,  
a long-strike context.  Vertical ly ,  despite mul tip le  sedimentation units with norma l , reverse, and doub le  
grading , and the i nterca l ation of  l ensing sandstones, there is  a gross tendency for the  sizes of  the dominant 
clastic particl es to decrease upward within a tongue . This pattern cu lminates upsection w ith the sandstone 
beds at the top of each tongue in a transition zone grading upward i nto the sil tstones to mudstones of the 
over lying Hudspeth member , This is a typical transgressive re lationship , the finer grained marine sediments 
extending shoreward over coarser grained deposits, and is indicative of a reversa l in the depositiona l or 
sea l evel conditions which pertained during the prior regression . 

Latera l ly each Gable  Creek tongue becomes finer grained southward , most noticeably where the 
tongue wedges out into mudstone, Even tongues which do not actua l ly term inate within the outcrop area, 
but th i n  marked ly southward, show a pronounced decrease in  grain size . Severa l ,  most notably tongue ll, 
have changed transitiona l ly to sandstone as the predominant rock type at the southwestern extremity of outcrop . 

Basa l contacts of Gable Creek tongues 

Coarse ly  c last ic tongues of the Gable  Creek Forma tion invariab ly have a non-transitiona l ,  disconform
abl e ,  sharp basa l contact with the under ly ing Hudspeth mudstones and s i l tstones . These sharp contacts, 
l oca l ly of a demonstrable scour-and-fi l l  character, indicate erosion of finer grained detritus immed iate ly 
bel ow the Gab le  Creek tongue , Thus sediments of the Hudspeth Formation have been eroded at the base 
of each Gable  Creek member, but the thi ckness of sediment removed at each deposi tiona l interface is 
not definable . 

' 
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Figure 2. Schematic diagram of intertonguing Hudspeth and Gable Creek Formations. 

Figure 3. View north across Meyers Canyon to Sutton Mountain, composed of Tertiary rocks. 
Cretaceous rocks make up slopes in foreground. 
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Sedimentary structures 

The primary sedimentary structures of these rocks are most obvious and varied within the conglom
erates and sandstones of  the Gab le  Creek Formation . However,  certain sedimentary structures of  environ
mental significance are present within the thin , genera l l y  discontim:Jous sandstones intercalated in the 
Hudspeth Formation (Figure 7) . The structures described here, fol lowing the format of Potter ( 1 963 , p .  'Zl), 
are divided i nto three types: unidirectiona l ,  those that indicate a one-way direction of transport; two
directiona l ,  those that indicate sol e ly  the line of transport; and non-directiona l .  Tab l e  3 lists the primary 
sedimentary struc tures which are sufficiently preva lent to warrant  description . 

Tab le  3 .  C lassification of sedimentary structures in Gable Creek and Hudspeth Formations 

Unidirectiona l 

Cross bedding and cross lamination 

Asymmetrical rippl e  marks 

Imbricate structure 

F lute casts 

Two-directional 

Scour-and-fi I I  

Symmetrical ripple marks 

P lanar structure 

Mudstone inclusions 

Parting l ineation 

N on-directiona l 

Graded bedding 

Pl ications and l oad casts 

Mud cracks 

Worm borings 

Scour-and-fil l :  Erosional channe l s ,  represented by scour-and-fi l l  structures, are the most conspicu
ous and abundant primary sedimentary structures in the Gab le  Creek Formation. These two-directiona l 
structures a l so are common to lensing sandstone bodies intercalated in the mudstones of the Hudspeth For
mation. Sma l l -sca l e  channel s ,  a few inches wide and a few inches deep, genera l ly are confined to the 
sandstones of the two formations . The largest channe l s, up to 300 feet wide and 30 feet deep , are restricted 
to the conglomerates of the Gable  Creek Formation . The channe l s  cut in cobble and boulder conglomerates 
(the resul ts of traction transport at erosiona l interfaces) indicate that turbul ence and vel ocity of the cutting 
currents were high . A similar conc l usion might be true for the channel s cut in mudstones, si l tstones, or 
sandstones; however, an a l ternative cou ld  be that currents with l ess turbul ence and vel ocity eroded the 
channels cut in finer textured materia l s .  

The backfi l l ings of the channel s  range from cobbl e and rare boulder congl omerates to very fine--grained 
sandstones . The latter are commonly confined to sma l ler channe l s  cut in Hudspeth beds . The bedding of 
the infil l ed materia l s  ranges from thick (5 feet) in congl omerates to lam inae in very fine-grained sandstones . 
Channe l s  fi l l ed with grave l s  genera l l y  have normal grading within the confines of the channel . The channe l s  
typica l ly are lens-shaped , being fairly fl at at the upper surface and rounded a long the l ower contact . The 
detrital backfil l ing common ly has foreset beds or l aminae which are tangential bel ow and truncated above 
by nearly horizontal over lying strata . A l though the channe l s  are two-directiona l structures, cross-bedded 
or -laminated backfil l ed strata aid in a unidirectiona l interpretation of the features . Directiona l measure
ments , combining channel e l ongation with i nc l inat ion of foreset beds, demonstrate a predominate fl ow 
direction towards the south with a tota l range i n  direction from west-northwest to east-southeast . 

C ross bedding and cross lamination: Cross-bedded or - laminated strata , mai n ly foresets , are second 
only to scour-and-fill structures in quant itat ive importance . The beds range w idely in thickness from less 
than 0.5 i nch (the cross -laminated) to more than 5 feet . The thickness of sets ranges from a few inches 
(notably in complexly cross-l aminated sandstones) to more than 1 00 feet in a few of the cong lomerates . 
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Commonly  the basal contacts of foreset beds are erosiona l and concave dow ncurrent , the correspond ing 
beddi ng bei ng trough cross bedding (McKee and Weir ,  1 953, p .  3 85) .  loca l l y ,  however, many of the 
thicker foreset conglomerate beds have pl anar characterist ics (Figure 5 ) ,  and both planar and trough cross 
bedding can be found i n  the same outcrop . 

A l though cross bedding is common to the sandstones and is present here and there i n  the conglomerates, 
most conglomerate beds w ithin the Gable  Creek are l atera l l y  extensive and apparently were deposited i n  
a nearly horizontal posit ion . This suggests that many of the conglomerate sedimentation un its are topset 
beds, and local red oxidized zones i ndicate that some may have been deposited and exposed subaerial l y .  

Graded bedding: Graded beddi ng i s  common to most members of the Gable  Creek Formation; i t  is 
i nconspicuous in the sandstone i nterca lations of the Hudspeth Formation except where isolated lenses or 
channe l s  conta in  coarse-gra ined pebbly sandstones as basal constituents . Both norma l  and reverse gradi ng 
are prevalent in congl omerates , pebbly sandstones, and sandstones . Doub le  grading ,  from finer at the 
base to coarser and then upward to finer at the top, is not uncommon . The graded bedding i nvariably is 
associated w i th other sed imentary structures , often scour-and-fi l l  and foreset bedd ing . It i s ,  there fore , 
i nterpreted as a product of fl uctuations i n  current ve locity and turbu lence . I t  is of interest that i n  the 
modern a l l uviated va l l eys of this area recent deep d issection d isc l oses fl uvia l  sediments,  ranging from 
grave l s  through sands to s i l ts ,  which have norma l , reverse, and , loca l l y ,  double-graded bedding . 

R ipp le  marks: Both symmetr ica l  and asymmetrical ripp le  marks are present i n  the rocks of the area . 
The majority are found in the transition zones at the tops of Gable  Creek tongues; however ,  short wave length 
osc i l la t ion ripp le  marks do occur in some sandy zones of the Hudspeth Format ion . The wave lengths of 
symmetri cal ripples rare ly  exceed 1 .5 inches and the ampl i tudes genera l ly are less than 0 . 25 i nches . At 
one l oca l ity ,  in rocks of Gabl e Creek tongue 6,  asymmetri ca l  ripp le  marks of cuspate shape have wave
l engths of up to 8 i nches . 

The symmetr ica l  r ipp le  marks of very short wave lengths i n  the transi t ion zones from congl omerates 
bel ow to mar ine mudstones above, or within the sandstones of the Hudspeth Formation, are of significance 
main ly because of the assoc iated features . I n  zones with ripple-marked strata there a l so are mudcracked 
l ayers , l am inae with abundant plant debris, and l ocal concentrations of pe lecypods, gastropods, and worm 
tubes .  This assembl age indicates deposit ion in sha l l ow marine waters, probably within the tidal zones , and 
in an environment lack ing strong wave or current act ion . Too few asymmetrical ripp le  marks were noted to 
substantiate directional interpretat ions . 

P l i cat ions , l oad casts, and fl ute casts: The sandstone and s i l tstone un its of the two formations conta in 
zones of contorted bedd ing . I n  th in-bedded or lami nated sequences there are interna l convolutions or 
p l i cations . These genera l ly die out be low in und isturbed strata , whereas above they common ly are trun
cated a long nearly  fl at current-scoured i nterfaces . The pl i cations represent d i stortions of hyd ropl astic 
beds under sed imentary load ing .  Because the fol ds e i ther lack overturn i ng ,  or do not show a preferred 
orientation of the inc I i ned axes, an orig i n  through subaqueous gl iding or downsl ope movement cannot be 
establ ished . 

Basal structures in certain  thi n-bedded or l aminated fine-gra ined sandstones un its, notably the 
Hudspeth Formation , i nc l ude l oad casts of vary ing types . These project as much as 8 inches downward 
i nto d istorted lam inae of mudstones or s i l tstones . Most of the l oad c l asts have no directional properties 
and probably represent dis locations as the resul t of d i fferent ia l compaction under sed imentary load . However, 
at some loca l i ties , and genera l l y  where sandstones are interca la ted in Hudspeth mudstones or si l tstones, 
f lute casts give directi ona l indices whi ch are consistent w i th interpreta tion of other sedimentary structures . 

Mud cracks: Strata wi th sma l l -sca le  mud cracks occur l oca l l y  in transi tion zones between Gab le  
Creek tongues and overl y ing Hudspeth rocks and a l so in  some of  the sandy zones wi thin the Hudspeth 
tongues . The mud cracks general ly  are preserved at interfaces where fl aggy, fine-gra ined sandstones are 
over la in sharpl y  by mudstone or s i l tstone laminae . The sma l l  areas bounded by the mudcracks rare ly  
exceed 0 .  75 inches i n  maximum d imension and genera l l y  are less than 0.5 inches . The crack-bounded 
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Figure 4. Gable Creek 3 c liff-forming units crop out on southeast flank of Black Butte, a 
Clarno sil l .  

Figure 5. Cliff-forming tongue of Goble Creek conglomerate and sandstone with large-sca l e  
planar foreset beds, southeast flank of Marshall Butte. 
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areas range i n  shape from triangles to polygons and are very irregu lar . Some of the boundi ng mudcracks 
are curved , others are stra ight . R ipple  marks, woody debr is ,  pel ecypods, and worm tubes commonly 
occur within zones conta in ing these subaeria l  structures . 

Worm borings: Partly cy l i ndrical and partly sinuous tubes ascribed to worm activity are loca l l y  
abundant in some of the sandstones of the H udspeth Format ion . The sand-fi l l ed borings are genera l l y  less 
than 1 inch i n  length, and rare ly  as much as 3 i nches . The tubes are confined to medium-or fine-gra ined 
sandstone layers in thi n sheet sands, and they usua l l y  do not penetrate to the under lying s i l tstones or mudstones . 

Mudstone inclusions: Some channe l sandstones within the Gable Creek Formation conta in  wide ly  
scattered i nclusions of laminated mudstone and rare l aminated s i l tstone . The edges of these tabular to 
curved fragments genera l l y  are rounded . The inc l usions range in size from minute b lebs through discoidal 
pebb les up to s labs 4 feet  long (F igure 6 ) .  Because the mudstone weathers more read i ly  on outcrop than 
the enclos ing sandstone, the positions of many former inc lus ions are marked by cavit ies . The incl usions 
are too isolated to permit  des ignat ion of the rocks as i ntraformational conglomerates . However, as is true 
of many such congl omerates, the fragments appear to be "rip-ups" from previously deposited Hudspeth 
units .  They ore considered here as a two-directional phenomenon because the tabular fragments were 
deposited w i th the laminae para l l e l  to the enc los ing beddi ng and the l ong axes were al igned para l l e l  to 
the current fl ow . 

Imbricate and p lanar structures: Imbricate structure , a unidirectiona l feature , is sparse within 
congl omerates of the Goble Creek Formation . The structure is obvious and measurable on ly where the 
incl ined pebb les are visible in a l ine of sight para l le l  to the deposit iona l strike . Where imbrication is 
conspicuous the orientations re inforce current-flow d irections obta ined from other sources . 

Far more common i n  the conglomerate un i ts than imbricate structure is a fa ir  to good preferred 
orientation of tabular or e longate pebbles and cobbles such that the l ong axes are para l le l  to the bedding . 
This p lanar structure, noted i n  a l l  of the conglomerate units , is a two-directiona l  structure very useful i n  
the determ ination of  bedding as  we l l  a s  i n  defining a current-fl ow d irection . 

Part ing I i neotion: Port ing I i neation , is found within many of the horizonta l ly  l aminated sandstones 
of the Hudspeth Formation . Consi sti ng of shal l ow sub-para l l e l  grooves and ridges of extreme ly  l ow rel ief, 
this phenomenon is interpreted as a two-directiona l feature resu lt ing from current flow . This i nterpretation 
is based upon the fact that adjacent foreset laminae or asymmetrical ripp le  marks invariably have strikes 
at r ight angles to the parting l i neation . In a l l  cases where parting l i neat ion was noted , the measurements 
reinforced current-flow determinations obta ined from other structures . 

Interpretation of the rocks 

Pa leos lope: Mapping of direct iona l structures in the two formations demonstrates that the varied 
structures mutually support a southerly current direct ion . Strikes of channe l axes and asymmetrical ripp les, 
incl i nations of foreset strata, l ocal imbricate structures in cong lomerates, and porting l ineat ion i nd icate 
that the paleoslope was to the south . A l though i ndividual current fl ow directions range from west-northwest 
through south to east-southeast , the vast majority define a transport direction which l oy within the quadrant 
southwest to southeast . S ign ificant ly ,  the d irect ional features and the ir i nterpretat ion in terms of pol eosl ope 
are supported ful ly by the geometry of the individual Goble Creek tongues--these wedge out , or th in,  and 
become finer gra ined to the south.  Moreover, Gable  Creek tongues·] and 2 each hove terminations on both 
flanks of the Mitche l l  anticl ine, and l ines across the axis which connect the termin i  of a single tongue give 
a crude depos itional strike . For tongue 1 this is a N . 80° E . ;  for tongue 2 (removing the effects of strike
sl i p  movement a long the Mitche l l  fau l t) it is N .  70" E. These quasi -accurate resu l ts support a south or 
south-southeast dec l in ing po l eoslope . 
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Figure 6. Conglomerates in scour-and-fi l l  contact with sandstones. Note Iorge Hudspeth Mud
stone "rip-up" para l le l  to bedding ot hammer handle. Goble Creek tongue 9, Bridge Creek 
rood. 

Figure 7. Laminated ond cross-laminated, fine-grained sandstones in contact with laminated mud
s tones of Hudspeth tongue 6, upper Goble Creek. 
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F luvia l and del taic processes: Most of the primary sedimentary structures are within the Gable  Creek 
Formation. Principally the results of traction transpart of grave l s  and sands by unidirectional currents, 
they were produced under differing conditions of vel ocity, turbulence, and l oad. Thicker cross-bed sets 
and larger channels are associated with conglomerates and coarse-grained sandstones. Moreover, the 
currents were strongest on the north whe re the conglomerates are coarsest and thickest and the channels 
widest and deepest. The currents were progressively weaker southward where the conglomerates wedge out 
or thi n and grade transitiono l ly into sandstones. Sma l ler channe l s  in both formations contain l aminated or 
thin-bedded trough cross-beds which are indicative of episodes of weaker unidirectiona l currents. I f  
directional structures discussed above are l inked with the shapes of  tongues, t he  concl usion is reached that 
only fl uvial processes, incl uding those specifical ly ascribed to de l ta or fan building, cou ld  have caused 
the deposition of the great thicknesses of the Gable  C reek Formation. 

Basin of deposition: During Al bian and Cenomanian times the sea encroached upon the eroded 
Permian metasediments, and transgressive marine sandstones and conglomerates were deposited. Fol lowing 
this transgression and the deposition of the Basa l Member of the Hudspeth Formation , muds and sil ts of the 
Main Mudstone Member were deposited. Al though this very thick member is persistent throughout the 
outcrop area , it tapers markedly to the north and east. Overlying these marine sediments is Gab le Creek 
tongue 1 ,  a fluvia l -deltaic unit . In succession thereafter, dependent upon position within the quadrangl es, 
Hudspeth and Gable  Creek tongues succeed each other. 

Mul tiple  members of two formations, signa ling juxtaposition of the marine and fl uvia l domains, pose 
questions regarding the conditions which permitted such intertonguing of wide ly differing l ithic types . The 
Hudspeth mudstones and siltstones were deposited in quiet waters, be low wave base; the Gable  Creek 
tongues , prograding into the subsiding mari.ne basin , are large ly  fl uvial in origin . Each Gable C reek 
tongue , be it de lta or fan deposit, is representative of strong currents which moved heavy l oads of coarse 
detritus into the basin . Each Gable Creek tongue is transitiona l ly  overlain by a marine tongue of the 
Hudspeth Formation,  representative of a renewed transgression by the sea . 

T he intertonguing depicts a series of episodic or possibly cyclic changes between marine sedimenta
tion and continental deposition. The rock sequence cou ld  be simply the resul t of episodic subsidence of 
the basin , a subsidence noteworthy in that it was of such magnitude that it accommodated more than 
9,000 feet of mixed sediments. On the other hand , the huge volumes of coarsely clastic Gable Creek 
debris may indicate strongly rising and strongly eroded source areas with an adjacent basin that was under
going uniform subsidence. Thus, the Gabl e  Creek tongues might represent the results of periodic strong 
upl ifts of the source areas. A third possibi l ity can be proposed--given a strongly rising source area subject 
to active fl uvia l processes ,  each cong lomerate and sandstone tongue might represent a standsti l l  in basin 
subsidence . During each standsti l l ,  under conditions of stable sea leve l , a regression of the sea caused 
by progradation of de l ta or fan fronts could be recorded by a protruding, more coarse ly cl astic tongue . 

There rea l ly is no basis here in this I imited area for se lection of one of these mechanisms as the 
actual cause of the intertonguing. Consequent ly ,  there is a fourth possibi lity--that episodic subsidence 
of the basin, and periodic uplift of the source areas, employing swinging distributaries at the mouths of 
great rivers or protruding piedmont fans, combined to produce the complex intertonguing of widely differing 
rocks . 

T he marine basin was a strange one. The terminations of the conglomerate and sandstone tongues 
show no winnowing by wave action , no wave-cut features, and no longitudinal sand bodies oriented per
pendicul ar to the regiona l s lope which wou ld  be indices of active longshore currents . T he absence of these , 
coup led with the preva lent lamination of the Hudspeth mudstones and sil tstones and a very lim ited fauna, 
suggests that the basin was isol ated and that it was restricted in wave action , current action , and benthonic 
activity . The basin was protected from the normal marine processes so prominent in open coasta l areas. 
Thus emerges a picture of a large , shel tered , often sha l l ow ,  mar ine embayment into which major rivers 
poured huge vol umes of cl astic debris . 
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CLARN O GROUP 

Haro ld  E. En l ows and Kei th F. Oles 

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

The C larno Formation was named by Merriam (1901) for rocks i n  the vicinity of C l arno Ferry on the 
John Day Rive r .  The C larno is wide ly  d istributed throughout central Oregon wi th perhaps the thickest 
section reported by Waters and others (1951 ), 5, 800 feet  of strata in the Horse Heaven d istrict south o f  
C larno w i th neither base nor top exposed . Merriam states tha t, "The rela tions o f  the C larno to the Creta
ceous may be seen just east of the town of M i tchel l . " The relations of the C larno to the over lying John 
Day can a lso be seen in the Mi tche l l  area , and the stratigraphy , petro logy, and age of the C larno in the 
M i tche l l area have been discussed by O les and En lows (1971) and En lows and Parker (1972\. 

A g e 

Fossi l  vertebrates and l eaves hove been found in C larno sediments which i ndicate an age of late 
Eocene. En lows and.Parker (1972) give K -Ar dates suggesti ng that the C l arno of the Mitche l l  area accumu
l ated in the 16 mi l l ion year span from 46 to 30 mil l ion years before present, or during late Eocene and 
ear ly  Ol i gocene (Tab le  4) . 

S t r a t i g r a p h y i n  t h e M i t c h e l l  A r e a  

The C larno of the Mi tche l l area has been subdivided informa l ly into Lower C larno and Upper C larno 
because two sequences of sim i lar flows and vol can ic-derived sediments are separated by an angular uncon
formity (see Tab le  1 ) . A l l C larno flows , however, are andesites so s imi lar in l itho logy , petro logy and 
chemistry that there con be no doubt concerning thei r  comagmatic nature . 

Lower Clarno rocks, reaching a thickness of 4, 000 feet, consist chiefly of andesite flows intercalated 
with tuffaceous sandstones, sil tstones, and m inor conglomerates or breccias. The tuffaceous sed iments 
superficially resemble those of the younger John Day Formation ,  but in the Mitchel l  area they con be 
differentiated because they ore thinner, ore intercalated between Lower Clarno flows, and ore general ly  
steeply dipping , having part ic ipated with the Lower Cl arno flows in  the orogenic episode that folded the 
Cretaceous rocks . 

Upper Clarno rocks ore found associated with Keyes Mountain, on exhumed early Oligocene volcano. 
Structural attitudes, thicknesses, and directional properties indicate that Keyes Mountain is the source of 
the Upper Cl arno sequence in the Mitche l l  area. A series of l ava flows and mudflows spread outward from 
the mounta i n ,  piling up strata to a thickness of at least 2 , 000 feet. 

Perhaps the most interesting rock type of the Upper Clarno, a type found throughout Oregon where
ever Clarno is exposed, is the volcanic breccia or conglomerate which apparently was deposited as the 
resu l t  of mudflows or lahars (Figure 8) . Uninterrupted sequences of mudflow deposits up to 1 , 000 feet thick 
hove been found in the Mitchell area. Bedding and sorting ore variable within the mudflows, and exposures 
range from massive deposits. with barely discernible stratification and with boulders of huge size set in a 
matrix of all grade sizes including cloy to for better sorted and bedded deposits. With increasing distance 
from Keyes Mountain the mudflow deposits grade toward more conventional fluvial deposits with a decrease 
in clast s ize and improvement in both bedding and sorting. The framework of these volcanic sediments 
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Tab le  4. Geochronology of the C larno rocks of the Mi tchel l  quadrangle (En lows and Parker , 1 972) 
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Figure 8. C lorna mudflow breccia near C lor no Bridge. 

consists chiefly of fragments of Clarno andesite, but boulders of Cretaceous conglomerate, phyllite, 
silicified limestone, chert, and even quartzite are found in certain areas. Sand-sized clasts consist 
chiefly of fine-grained andesite, plagioclase, augite, hypersthene, hornblende and very subordinate 
quartz. The matrix consists of silt-sized grains of the above compositions with finer kaolinite, green 
smectite, and red to brown iron oxide . The only cement is green authigenic smectite which fil ls  interstices 
and coats grains. 

The stratigraphic succession of the Upper C l arno andesite flows and mudflow deposits i s  not simple . 
Lava flows and mud flows may be intercalated or intracanyon. The construction o f  Keyes Mountain was 
episodic; long intervals of weathering and erosion were separated by volcanic events . During periods of 
erosion volleys were carved by running water which become channels for later mudflows and lava flows. 

A l l  C l arno lava flows are andesites. They are predominantly porphyritic with a pil otaxitic groundmass, 
hornblende and hypersthene are common, and nearly all contain a trace of quartz . Phenocryst feldspar is 
generally labradorite; groundmass feldspar is andesine . An average mode is shown in Table 5. 

Chemical analyses were mode of seven flow rocks, three Upper Clarno and four Lower Clarno. Averages 
of these analyses with the overage normative analyses derived from them ore given in Tobie 6 ond also in 
Table 7, next report. 

I n t r u s i v e s  

Several conical topographic highs in the Mitchell quadrangle represent plugs of resistant igneous 
rock, and many less prominent hills and ridges hove cores identified as dikes, sills, and irregular intrusions. 
Some of these intrusions are certainly of Clarno age (see Table 4), and most of the others ore probably 
Clarno. Listed below are some of the major representatives of these intrusions. 

White Butte andesite: In the core of White Butte is a typical Clarno andesite whose age has been deter
mined by whole rock analysis as 40.5 million years and by its hornblende as 46.1 million years. 
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Tab le  5 .  Average moda l a na lyses from eight Lower C larno flows and 2 1  Upper Clarno flows 

Mineral Lower Clarno Flows Upper Clarno Flows 

Plagioclase 74% 80% 
Augite 20 12 
Magnetite 4 6 
Hy persthene 1 2 
Quartz l Tr 
Hornblende Tr Tr 
Glass Tr Tr 

Tab le  6 .  Chemica l ana lyses and derived normative composi tions for C larno flows.  

Upper Clarno Lower Clarno Average Clarno 
Com ponent ( 3 analyses) (4 analyses) (7 analyses) 

Si02 58.0 3 57.25 57.57 

Ti02 1.17 l. 31 l. 2 3 

Al2o3 17.37 18.10 17.79 

Fe2o3 l. 64 l. 75 l. 70 

FeO 4. 89 5.26 5.10 

MgO 3.57 3. 3 3 3.43 

CaO 6. 9 7 7. 33 7.17 

Na 2o 4.92 4.38 4. 61 

K20 l. 09 l. 22 1.16 

Normative Com:r2osition 

Qz 5.16 5. 34 5. 82 
Or 6.67 7.23 6. 6 7 
Ab 41.40 37.20 38.78 
An 21.96 2 8. 0 8 24.47 

Wo 5.22 3.48 4.64 
Di En 10.2 3.00 6.83 l. 9 0 8.99 2.90 

Fs l. 9 8 l. 45 l. 45 

Hy En 9. 6 5.90 11.02 6.40 8. 34 5. 70 
Fs 3.70 4.62 2.64 

Mt 2. 32 2.55 2.55 
Il l. 2 8 2.43 2. 2 8 
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Marshal l  Butte melabasa l t :  The l arge i ntrusive mass forming Marsha l l  Butte , as  we l l  as  several sma l l er 
outcrops extending to the west for six miles, consists of a rock composed of 70 percent aug i te with olivine , 
l abradorite , and magnetite in about equa l proportions forming the remaining 30 percent . The age of this 
rock is 44 . 8  mil l ion years . 

Sargent Butte l eucorhyolite: Sargent Butte and the adjoining Sand Mountain are composed of a distinctive 
pale orange , very fine-grained silicic rock c lassified as leucorhyolite and consisting l arge ly of quartz and 
a lkali fel dspar . 

Tony Butte dacite: A dacite p l ug penetrating both the Permian metasediments and the Cretaceous rocks 
forms the prominent topographic feature termed Tony Butte . 

Andesite dikes, sil l s and i rregu lar i ntrusions: Sma l l widespread i ntrusions of typical C larno andesite are 
common, especially in the crestal area of the Mitche l l  antic l i ne .  

Basa l t  dikes: A few basa l t  dikes composed of  l abradorite (An60) ,  and pigeonite with minor ol ivine and 
exhibiting a diabasic texture are found . (Airport and N el son Creek dikes of Tab le  4 . )  

JOHN DAY FORMAT ION 

Pau l T.  Robinson 

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

The John Day Formation i n  north-central Oregon is a conformable sequence up to 4, 000 feet thick 
of tuffaceous c laystones, vitric tuffs , lapil l i  tuffs, ash fl ow tuffs ,  and l ava flows , I t  rests unconformably 
on the C larno Formation , a thick unit of andesitic l ava flows and vol canic breccias, and is overlain by the 
Col umbia River Basal t .  Based on pal eontol ogic and radiometric ages the beds range from early O ligocene 
to early Miocene in age . 

The formation was named by Marsh (1 875) and Merriam ( 1 90 1 )  from exposures a long the John Day River 
between C larno Ferry and Picture Gorge . No specific type section was designated; however, the Bridge 
Creek section in the Painted Hil ls northwest of Mitchel l  is typica l of the formation as origina l ly described . 
Here the formation consists of nearly 3 , 000 feet  of varicolored rhyolitic ,  dacit ic ,  and andesitic tuff and 
tuffaceous cl aystone with a few thin  basa l t  flows in the l ower part . It has been divided into three members 
on the basis of a widespread ash-fl ow tuff near the midd le  of the unit (Hay , 1 963) . 

S t r a t i g r a p h y : B r i d g e  C r e e k  S e c t i o n  

Lower member 

The lower member is approximate ly 1 , 1 00 feet thick and consi sts chiefly of red , green, and gray
green tuffaceous c laystones and interbedded vitric tuffs . The red claystones form a distinct ive basa l l ayer 
genera l ly 50 to 1 00 feet thick but up to 450 feet thick in some local ities (Hay , 1 963) . The vi tr ic tuffs 
are medium to coarse gra ine'd with a few pumice l api l l i  and 5 to 1 0  percent of crysta l s  and rock fragments , 
The crysta ls  are mostl y p lag ioc l ase (ol igoclase and sodic andes ine) and san idine w ith sma l l  amounts of 
green pyroxene ; quartz is rare or absent . 
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Two tuff beds i n  the l ower member are of particular i nterest . The first is a 25- to 50-foot-th ick 
ash-flow tuff that occurs at the bose of the formation along Rowe Creek northwest of Twickenhom , This 
tuff is cream co lored , moderate ly  we l ded, and has a weakly deve loped eutoxit ic texture . I t  conta i ns 
sparse rock fragments and 5 to 1 0  percent of son id ine ,  quartz, and o l igoclase crysta l s  suggest i ng a rhyo l i t ic 
composition . Based on i ts  stratigraphic position and minera logic composition th is  tuff has been tentatively 
correl ated w i th the welded tuff that forms the bose of the formation near C l arno, 15 m i les to the northwest 
(Hoy, 1 963: Swanson and Robinson , 1 968) . The second tuff is a coarse-gra ined , san id i ne-rich, a ir-fa l l 
unit that l ies 500 to 800 feet above the bose of the format ion . This tuff is usua l ly  1 to 3 feet th ick but 
may be as much as 30 feet  thick where it has been reworked (Hoy ,  1 963) . The sanidine occurs in euhedro l 
crysta l s ,  1 to 4 mm long, often mantl ed wi th myrmekit ic intergrowths of quar tz and having a composition 
of Or 43Ab5�n3 (Hay ,  1 963) . This bed is considered the a ir fal l  equiva l ent of a sanid ine-rich ash-flow 
tuff exposed in the Antelope-Ashwood area 25 mi l es to the northwest (Hoy ,  1 963; Robinson ,  1 966) . 

Midd le  member 

The middle member of the formation is a rhyol i t ic ash-flow tuff sequence 1 2  to 250 feet thick com
posed of two partial coo l ing un i ts . Gioss shards and fragments make up approx imate ly 97 percent of the 
tuff with the remai nder cons ist i ng of o l igoc lase and sonidine crysta ls  and sparse rock fragments . Where 
we l ded and devi tr i fied the tuff forms a prom inent l edge that can be eas i l y  traced in the fie ld . The lower 
coo l ing unit  is the most extensive of the two and has been recognized over a w ide area (Fisher, 1 966) . 

Upper member 

The upper member is 1 , 300 to 1 ,  700 feet th ick and consists of cl aystones and tuffs with some con
glomerate and sandstone near the top . The cl aystones and tuffs are s imi lar to those of the l ower member 
except for the color, wh ich is  chiefly  ye l lowish-gray to l ight o l i ve-gray (Hoy ,  1 963) . Crysta l s  and rock 
fragments make up to 1 0  percent of typical  spec imens; the remainder consists of fresh or al tered g lass . 
Andes ine is the principal crysta l w i th sonid ine and quartz be i ng rare to absent .  Ferromagnesian minera ls 
i nc lude cl inopyroxene ,  magnetite , i l menite and sma l l quant it ies of hornblende and b iotite . The conglom
erates and sandstones o re abundant on ly in the upper 500 feet of the uni t . They consist ch iefl y  of materia l s  
reworke::l from the upper member but i n c  I ude some pebbles and cobbles o f  wel ded tuff and andesite (Hoy , 1 963) . 

S t r a t i g r a p h y : C l a r n o -A n t e l o p e - A s h w o o d  A r e a  

West of the lower John Day River, in the C larno-Antelope-Ashwood area, the stratigraphy of the 
John Day Formation is markedly d ifferent from that in the type local ity .  Here the formation has an aggre
gate thickness of nearly 4, 000 feet and conta ins abundant lapi l l i  tuff, wel ded ash-flow tuff, and l ava 
flows and domes (Waters, 1 954; Peck , 1 964) . I t  has been divided into 9 members, A through I ,  primari ly 
on the basis of extensive ash-flow tuffs (Peck , 1 964) . 

Member A 

The basal un it of the format ion, member A ,  consi sts of two ash-flow tuffs separated by about 1 00 feet 
of white lap i l l i  tuff . The lower ash-fl ow tuff is the most extensive of the two and can be traced nearly 
cont inuous ly from P ine Creek near Foss i l  to Grizz ly ,  a distance of approximate ly  45 mi l es (Swanson and 
Robinson, 1 968) . I t  is typica l l y  strongly we lded , with a we l l  developed eutaxitic texture , and conta ins 
5 to 1 0  percent of crysta l s ,  chiefly quartz, san idine and o l i goclase , wi th trace amounts of green horn
b lende . Potassi um-argon date� of 36 . 1  and 36 . 4  m . y .  have been obta ined from th is  tuff, suggesting an 
ear ly O l igocene age . 
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Members B-G 

Overly ing member A are a series of trachyandesite and rhyo l ite flows, members B and C respective ly ,  
wh ich i n  turn are over la in  by a th i n  un i t  of  poorly indurated , l ight-gray to  ye l low tuff and l api l l i  tuff 
(member D),  and a th ick sequence of extremely l i thophysal we l ded tuff (member E ) .  Member F is composed 
chiefl y  of poorly i ndurated , gray to brownish-gray tuff and lap i l l i tuff w ith a sequence of al ka l i -ol ivine 
basa l t  flows i n  the upper part (Robi nson , 1 969) (Table 7) . Member G consists of a basal l edge-form ing 
ash-flow tuff, 20 to 1 00 feet thick, over la in  by 1 00 to 400 feet  of gray and brownish-gray tuff and l ap i l l i  
tuff. The basal ash-flow tuff conta ins 1 0  to 1 5  percent of euhedra l san idine phenocrysts from 1 to 5 mm 
long . The sanidine crysta l s  have an average compos i tion of Or 43AbAn57 and are mant led with myrmekit ic 
i ntergrowths of quartz and sanidine (Peck , 1 964). These crysta l s  are very sim i lar in composition and char
acter to those of the sanidine-rich air-fa l l  tuff in the Painted H i l l s  section . 
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Tabl e  7 .  Average chem ica l  analyses of se l ected Tertiary 
vo lcanic rocks of north-centra l Oregon 
(Reca lcu lated to water-free basis) 

l 2 3 4 

4 7 . 1  5 0 . 2  5 4 . 6  5 7 . 5 7 

3 . 6  1 . 6  2 . 0  l .  2 3 

1 5 . 4  1 5 . 7  1 4 . 1  1 7 . 79 

6 . 6  3 . 6  2 . 6  l .  7 0  

8 .  8 7 . 9  9 .  4 5 . 10 

0 . 2 0 .  2 0 . 2  

5 . 0  6 .  6 4 . 2  3 . 4 3 

8 . 6  1 0 . 5  8 . 0  7 . 1 7 

3 . 2  2 . 7  3 . 0  4 . 6 1  

0 . 9  0 .  5 1 . 5  1 . 1 6 

0 .  6 0 .  3 0 . 4  

1 3  1 6  8 7 

5 

5 0 . 3  

l .  4 7  

1 6 . 2  

10 . 3* 

7 . 8  

10 . 4  

3 . 1  

0 .  3 2  

ll 

1 .  Alkali ol ivine bas alt , John D ay Formation ( Rob ins on , 1 9 6 9 ) .  
2 .  Pi cture Gorge typ e , Columb i a  River Bas alt ( Waters , 1 9 6 1 ) . 
3 .  Yakima type , Columb i a  River Bas alt ( W aters , 1 9 6 1 ) . 
4 .  C l arno ande s it e  C Oles and Enlows , 1 9 7 2 ) . 
5 .  B as alt , De s chutes Format ion ( Taylor , unpub . anal . ,  1 9 7 2 ) . 

1< Total I ron 

Member H 

The base of member H ' is a l so marked by a l edge- forming ash- f low tuff . This tuff is red, reddish
brown or orange in color, fine-grai ned and sparsely lithophyso l .  Trace amounts of quartz and o l igoc l ase 
ore present in most speci mens. About 300 feet of poor l y  i ndurated, l i ght-gray tuff and pumice lo p i l li  
tuff over lie the basa l tuff . 
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Member I 

The uppermost member, member I ,  consists of 600 to 800 feet of massive l ight-gray to yel lowish
gray tuff and pumice l ap i l l i  tuff overlying another ash-flow sheet . The basal ash-flow tuff i s  moderate ly  
to weakly we l ded, rarel y  devitrified , and characterized by large co l lapsed pumice fragments and chips 
of b lack g lass . It conta ins sparse crysta l s ,  chiefl y  o l igocl ase, and 1 to 2 percent of rock fragments . 

C o r r e l a t i o n s  

Correl ation of the western and eastern facies o f  the John Day Format ion is based on the basal tuffs 
of members A and G .  The basal tuff of member A can be traced eastward from the Ashwood area to the 
crest of the B l ue Mounta in  upl i ft,  and is bel ieved to correl ate with the basal ash-flow tuff a long Rowe 
Creek to the east (Swanson and Robinson, 1 968) . The basal ash-flow sheet of member G is be l ieved to 
correl ate with the sanidine-rich a i r-fa l l  tuff in the Painted H i l ls area . Th is  correl ation is based on the 
sim i larity in size , shape , and composition of the san idine crystal s  in the two units and is strongly supported 
by the changes that occur in the ash-flow tuff of member G as it is traced from west to east . In i ts western
most exposures this tuff is up to 1 00 feet thick and is dense ly  welded . It th ins gradual ly  to the east and 
northeast , and in the vicinity of Wi l l owda le  it grades into an unwelded ash-flow tuff. Farther east, in  
the area between Antelope and C larno , it grades into a crysta l -rich air-fa l l  tuff l ike the one exposed 
near the Painted H i l l s ,  about 1 3  m i les to the east . 

I f  these corre lations are correct most of the section i n  the C larno-Ante lope-Ashwood area is equiv
a lent to the lower 500 to 800 feet of the formation in the Painted H i l l s  area . Up l i ft a long the B l ue Mountain 
anticl inorium apparently began in early John Day time , soon after the eruption of the ash-flow tuffs of 
member A. Upl i ft along this axis resul ted i n  a topographic  barrier that prevented most of the ash flow 
sheets and l ava flows of the western facies from reaching the Painted H i l l s  area . 

COLUMB IA R IVER BASALT 

Paul T .  Robinson 

The Columbia R iver Basa l t  is middl e  Miocene i n  age and unconformab ly overl ies the John Day 
Format ion in north-central Oregon . Waters ( 1 961 ) divided the Col umbia River Basa l t  i nto the Pi cture 
Gorge , Yak ima , and late Yakima varieties based on minera logical and chemical composit ion (Tabl e  7) . 
Only the Pi cture Gorge and Yakima types are recognized in north-central Oregon .  The Pi cture Gorge 
Basa l t ,  the o ldest of the two , crops out ch iefl y  along the southern fl ank of the B l ue Mountains and i n  the 
Ochoco Mounta ins (Swanson, 1 969) . It consists of a series of co l umnar-jointed flows, genera l ly  50 to . 
1 00 feet  thick, local l y  separated by l enticular interbeds of tuff and tuffaceous si l tstone . Directional 
features suggest that most flows were erupted from vents or fissures to the east or northeast , in the vicinity 
of the Monument Dike Swarm (Thayer, 1 957; Waters, 1 961 ) .  

The basal parts o f  most flows weather to a characteristic basa l t ic grus w ith a greasy l uste r .  P icture 
Gorge basa l ts are typica l ly  fine- to medi um-grained with intergranular to oph i tic textures and are common ly 
porphyritic . Some parts of flows are very coarse-gra ined grad ing into pegmatitic zones . A typical mode 
is 8 percent g lass, 40 percent p lagiocl ase , 35 percent c l i nopyroxene ,  5 percent o l ivine , 5 percent iron 
oxides, and 7 percent c lay m inera l s  (Swanson, 1 969) . 

T he Yakima Basa l t  crops out ch iefly on the northwest side of the B l ue Mounta ins, except in the 
Spray area where it  unconformably over l ies the Picture Gorge Basa l t  (L inds ley ,  1 960) . The Yak ima Basa l t  
i s  composed of dark gray , dense , col umnar-jointed fl ows that weather i nto subangu lar, fist-size fragments . 
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The flows are fine- to very fine-gra ined , rare ly  porphyriti c ,  and non-vesicular, except in the upper few 
feet . Typical specimens consist of 25 percent glass, 30 percent p lagioclase , 25 percent c l inopyroxene , 
T O  percent iron oxides, and T O  percent minera loids, clay m inera l s ,  and o l i vi ne . Ol ivine is sparse in  
most flows and is typica l l y  i n  reaction re l ation to cl inopyroxene . 

Both the Picture Gorge and Yakima Basa l ts are tho le i i tic i n  cnaracter, dist inctly different from the 
a lka l i  ol ivine basa l ts of the John Day Formation (Tab l e  7) .  

MASCALL FORMAT ION 

Haro ld E .  En lows 

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

Merriam ( T 90 l )  app l ied the name "Masca l l "  to a series of ai r-fa l l  tuffs and both fluv iat i le  and 
· l acustrine vol canic sandstones and s i l tstones exposed at and near the Masca l l  Ranch four mi les  west of 

Dayvi l l e ,  Oregon (Figure 9) . The fauna and flora col l ected by Merriam and associates, Chaney (T 956) 
and Downs ( T 956) i nd icate a Hemingfordian (midd l e  Miocene) and Barstovian ( late Miocene) age . An 
unfortunate difference of opinion arose concerning the total th ickness of the section in the type local ity; 
Merriam and others ( T 925) measured 2 , 090 feet  whi le  Downs ( T 956) reported 390 feet .  Thayer and Hay 
( T 950) give an est imate of 2 , 000 feet which agrees with the author's invest igations . 

Evernden and others ( T 964) g ive a K -Ar dote of T 5 . 4  m i l l ion years to the Col umbia R iver Basa l t  
flow d irectly under lying the Mosco l l  in  o roodcut on U . S .  26, T 3  mi l es east o f  Dayvi l le .  Davenport 
( T 97 T )  assigns an age of T 5 . 8  m i l l ion years to an ignimbrite interbedded with basal Masca l l  sediments 
col l ected from an exposure near the confl uence of Deer Creek and the South Fork of the John Day River 
about 20 mi les south of Dayvi l l e . 

S t r a t i g r a p h y  a n d P e t r o l o g y  

The Masca l l  is found to the north of the type section i n  Fox Va l l ey ,  to the south i n  the Pau l ina 
Basin and headwaters of the Crooked River, and east as far as Pra i rie City in the John Day Va l l ey . Thayer 
and Hay ( T 95Q) , discussing the Masco l l  found in the John Day Vo l l ey and adjacent areas, state , "The 
l ater M iocene landscape i n  this region appears to hove been characterized by eruption centers around o 
brood basin .  At the maximum of basa l ti c  eruptions, extensi ve flows fi l led the basin  to a depth of 1 , 500 
feet or more . I ncreasing rhyol i t ic activity appears to hove coinc ided with enough of a decl ine in basa l t ic 
eruptions that basa l t  flows fo i l ed to reach the center of the bas in ,  and the depos it ion of acid ic fragmenta l s  
a nd the ir erosion derivat ives conti nued unt i l  d iastroph ism destroyed the bas i n .  As the bas in deposits inter
fingered w ith the vol canic rocks , the Masca l l  Formation , in the broad view , shou ld be regarded as a 
member of the Col umbia R iver Formation (Group) , rather than as a d ist inct and younger formation . "  

T he Masca l l  rocks of the type loca l ity bear a disti nct resembl ance to the John Day rocks. They are 
genera l ly l ight colored ,  porous , poorly i ndurated and rich in acidic gl ass shards or phy l los i l icates der ived 
from acidic gl ass . They may exhibit a ir-fa l l characterist ics, but more common ly the pyroclastic debris 
they conta in seems to have been reworked by running water or sheet wash , and the rocks now give evidence 
of fl uviat i le  or lacustri ne environments . Textural variet ies range from cong lomerates to cl aystones , diato
mi te i s  common ,  l i gnite is  not uncommon , both leaves and pe lecypods are found i n  some zones, and in  at 
I east one i nstance an i nterbedded ign imbrite is present .  
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Figure 9 .  Lower Rattlesnake fanglomerate resting unconformably upon the Masc a l l  Forma
tion. Rattlesnake Ignimbrite on skyline. Rattlesnake Creek. 

RATTLESNAKE FORMATION 

Harold E. En lows 

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

J .  C. Merriam (.1 901) named the Ratti esnake Formation o f  the John Day Valley from an occurrence 
on Rattlesnake Creek, " about one mile west of Cottonwood . "  Later (1 925) Merriam, Stock, and Moody 
stated that, "The area of Rattlesnake exposed in the butte west of Picture Gorge has general ly been termed 
the type section, and although it really represents but a small part of the entire succession within the form
ation, it was subjected to more careful study than elsewhere, due to the presence of mammalian fossils in 
the tuff and in the gravel . "  Capping the section i n  the butte west of Picture Gorge is a rock unit they 
referred to as a rhyolite flow or the " Rattlesnake Rhyolite . "  They also state, "On Cottonwood Creek and 
in practical ly a l l  Rattlesnake areas east o f  Picture Gorge, however, a very considerable thickness of 
grovels overlies the rhyolite." 

S t r a t i g r a p h y  a n d  P e tr o l o g y 

From two locations, one o n  Rattlesnake Creek and one o n  Cottonwood Creek, it has been possible 
to measure and describe o composite section now termed the type section . The Rattlesnake Formation has 
been subdivided into three members as listed in Table 8. 
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wpper 
Fanglomerate 
Member 

�attlesnake 
Ignimbrite 
�ongue 

lower 
Fang! omerate 
Member 

Masca l l  Formation 

Table 8 .  Stratigraphic col umn of the Rattlesnake Formation 
in the type section 

Thickness Field Description 

Coarse fanglomerate of uniform composit ion 
and I i tho logy throughout . Boulders 2-3 feet 
in d iameter are encountered but more commonly 
the framework is  composed of sma l l er bou lders , 
cobbl es and pebbl es . Framework cl asts are 

370' rounded to subongular and consist predominantly 
of  P icture Gorge Basal t a l though fi rm ly  wel ded 
ignimbrite from the Rattlesnake Tongue is not 
uncommon . A crude bedding is defined by d is-
continuous lenses of coarse sandstone . Poorly 
cemented , commonly  slope-forming . 

Erosiona l ;  disconformity 

A sing le  flow unit and a simple  coo l ing unit, 
the resu l t  of an extens ive nu�e ardente type 
eruption . It is separated into three zones; 
a th in ,  l ight-gray , unwe lded base , a brownish-
gray moderately to fi rmly welded col umnar 

41 ' middl e zone , and a pa le red poorly  welded 
upper zone . The rock consists largely of 
pumice , g lass shards, and accidental l ithic 
fragments with only 1% cognate mineral 
grains .  I t  i s  cl assified as l euco-sodac lase 
rhyodacite . 

Conglomerate with thick i nterbeds of ye l lowish-
gray poorly bedded vol canic wacke and grayish-
orange-p ink poorly bedded vo l canic mudstone 

2 1 8' i n  the ratio of 63"/o cong l omerate ,  2 1% wacke 
and 1 6% mudstone . These textured units are 
thick, disconti nuous l enses l atera l l y  continu-
a us for short di stances on l y .  

Angu lar unconformity 
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The Rattlesnake Formation in the va l ley of the John Day R iver and its tributaries genera l l y  consists 
of two fanglomerate members separated by a th in ,  poorly zoned rhyodacite ign imbrite resu l ti ng from a 
single ash flow (Figure 1 0) . 

The fanglomerate members consist l arge ly of conglomerates and sandstones composed of cl asts derived 
from h ighlands adjacent to the river val l eys . The clasts refl ect the bedrock geology of those h ighl ands 
and in the type area consi st chiefly of mafic vo lcanics, mi nor smectite pseudomorphs after volcanic gra ins ,  
fel dspar and pyribo les .  The only  important cement i s  authigenic smectite coating grai ns and fi l l i ng inter
stices . Based upon mammal ian remains found by Merriam ( 1 901 ) and Merriam and others ( 1 925) the Wood 
Committee , ( 1 94 1 ) placed the Ratt lesnake in Hemph i l l ian time . Add itiona l fi nds by Davenport ( 1 97 1 )  and 
En lows are cons istent with the earl ier ones .  

The ignimbrite (Figure 1 1 ) extends beyond the under lying fanglomerate member and commonly rests 
upon o lder bedrock at what must have been the edges of the ancestral stream val leys, hence it is referred 
to as the Rattlesnake Ignimbrite Tongue . I t  apparently orig inated from a vent i n  the Harney Basin and 
flowed north i nto the drainage systems of the ancestral John Day R iver, moving to the northwest for at 
l east 1 40 m i les .  I n  the type area where i t  was described by Merriam it i s  at l east 1 00 mi les  from its source . 
To the south it is referred to by the author and his students as "The Rattlesnake I gnimbrite Tongue of the 
Danforth Formation " since it  is the uppermost of three ignimbrites found in the Danforth . It consists large ly 
of g lass shards, pumice fragments, and accidental incl usions p icked up from the underly ing terra i n .  Cognate 
m inera l s  form only one percent of the rock and in order of abundance consist of anorthocl ase (Or3oA�o) ,  
quartz , green cl inopyroxene, magnetite ,  and zircon . I n  the John Day dra i nage it exh ibits a th in basal 
and thicker top unwelded zones and a firm ly welded central col umnar zone . 

Chemical  analyses from w ide ly separated sampl es of the ignimbrite i n  the John Day dra inage ore 
str ik ingly sim i lar . The overage chem ical ana lysis and the normative analysis derived from it ore given in 
Tab le  9 .  S ince the rock consists of 99 percent gl oss it was thought useful to treat the norm as the mode 
and classi fy the rock accord ing to the class ification of Johannsen ( 1 939) . Such a procedure suggests the 
name leuco-sodaclase-rhyodoci te . 

A K -Ar dote of 6 . 4  m .y .  is confirmed by several analyses .  T he geomagnetic polarity is reversed . 

Tab le  9 .  Average of four chemical  ana lyses of the Ratt lesnake Ign imbrite Tongue 
from the John Day dra inage and the normative ana lysis derived from it 

S i0 2 
- 7 8 . 2 2  Qtz -

Ti0 2 . 2 3 Or 

Al
2

o
3 

- 1 2 . 4 1 Ab 

Fe
2 o 3 

- . 5 7 An 

MgO . 2 4 Il 

C aO . 1 5 Mt 
Na2 o 3 . 7 4 En 

K2
0 4 . 1 8 

P 2 0 5 . 0 1 

MnO . 19 

9 9 . 9 4  

To tal iron expre s s e d  as Fe 2 o 3 . 

Ana ly s is i n  dry wt . % .  

-

-

40 . 0  8 

2 4 . 4 7 

31 . 4 4 

. 8 4  

. 4 5  

. 6 4 

. 6 0 

9 8 . 5 2 

A c c i dental lithi cs have been removed 
from all s ampl e s . 
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Figure 1 0. Rattlesnake Ignimbrite Tongue lying between the fanglomerate members, Cotton
wood Creek. 

Figure 1 1 .  Rattlesnake Ignimbrite with the basol l ight-gray unwelded to poorly welded zone, 
middle firmly welded columnar zone, and upper s labby poorly welded zone. 
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Figure 12. "The Ship" in  The Cove Pal isades State Park. Section of the Deschutes Formation 
showing interlayered ash-flow tuffs and sediments. State Highway Division photo 
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GEOLOGY OF THE  D ESCHUTES BAS I N  

Edward M .  Taylor 

I n t ro d u c t i o n  

The Deschutes Bas in is a brood l ow l and ly ing south of the Mutton Mountai ns and between the 
Ochoco-B iue Mounta i n  upl ift on the east and the Cascade Mounta ins on the west . T he basin conta ins 
widespread sheets of basa l tic l ava and si l ic ic  ash-flow tuff interstratified with tuffaceous si l ts ,  sands, 
and grave l s  of the P l iocene Deschutes Formation . In genera l , basal t  sheets are indigenous to the basi n 
wh i l e  ash-flow tuffs are of Cascade orig in . Some of the coarse sediment was der ived from older rocks to 
the east, and some might have been contributed by rivers drain ing the h igh lava p la ins to the south , but 
most of the sedimentary units are composed chieAy of al l uvial debris from Cascade vol canoes . Where both 
top and bottom of the Deschutes Formation ore exposed in the wal l s  of l ower Deschutes Canyon,  the max
imum thickness is approx imate ly 250 meters . It is reasonable  to assume that the thickness of the formation 
i ncreases westward in the direction of the Cascade sources . 

Some basa l t  sheets and ash-fl ow tuff units w ith in  the Deschutes Formation can be traced continuously 
for many ki lometers in canyon wal l s  of the Deschutes River and i ts tributaries (F igure 1 2 ) .  Regiona l in
c l i nation of these strata is east by northeast , away from the Cascade Mounta ins and toward the eastern 
margin of the basi n .  The angl e of incl i nation sel dom exceeds two degrees and probably  represents the 
i n i tia l dip of the sedimentary units and the gradient of paleosurfaces upon wh ich lavas and ash-fl ow tuffs 
were deposi ted . Folds and fau l ts of tectonic derivation are virtua l l y  unknown . One of the most strik ing 
features of the Deschutes Basin is this almost total absence of deformation dur ing a period of extensive 
norma l fau l t ing in adjacent areas to the east , south , and west . 

D e s c h u te s  F o r m a t i o n 

Lavas 

P I  iocene and younger I avos of the Deschutes Basin are chiefly of two types: ( 1 ) h igh-al umina , 
o l ivine-bearing basa l t  with a si l ica content genera l ly ranging between 48 and 52 percent and a K 20 
content which sel dom exceeds 0 .5 percent,  and (2) h igh-a l um ina basal t ic  andes ite with a s i l ica content 
ranging from 52 to 58 percent whi l e  K 20 usua l l y  exceeds 0 .5 percent .  Basal ts occur as widespread 
sheets and as intraconyon tongues; basa l t ic andes ites are found in thick , stubby fl ows and in Iorge sh ie ld 
vol canoes marg ina l  to the Cascade Mountains .  The basa l t  flows are usual l y  d iktytaxitic and h ighly vesic
u lar . Spiracles, pipe vesic les ,  and vesic le cy l i nders are common , and horizontal jointing occurs para l le l  
to ves ic le sheets . Where it has coo led i n  intracanyon wedges , the basa l t  tends to be uniform ly  fine
gra ined , not vesicular, and possesses we l l -developed co l umnar joi nts . F lows of  basa l tic andes i te are 
usua l l y  g lomeroporphyr itic and dense and d ispl ay close-set platy joi nts along basa l contacts . 

Ash-flow tuffs 

As�flow tuffs i n  the Deschutes Format ion are composed of poorly-sorted pum ice bombs , lap i l l  i ,  and 
ash mixed with fragments of basa l t  and basa l tic  andesite . The si l ica content of the glassy pum ice , together 
with entra ined crysta l s ,  ranges from 68 to 74 percent . Many ash-flow units are more than 30 meters th ick 
and conta in  only a th i n ,  ce�tra l , d iscont inuous welded zone . Other ash-fl ow un its are l ess than 1 0  meters 
thick and are we lded throughout ,  except for relat ive ly  th in,  unconsol idated basal and crustal zones .  A 
port of each ash-fl ow unit was sub jected to extensive erosion prior to burial and preservat ion . When 
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traced toward the Cascade Mountains ,  the number and thickness of ash flows, degree of we ld ing ,  s ize of 
partic les ,  and content of mafic lava fragments i ncrease . 

Beds of demonstrabl e  ash-fa l l  orig i n  are rare i n  the Deschutes Formation . A few thi n ,  graded beds 
of accretionary l ap i l l i  are known in the upper part of the formation but ,  in genera l , it appears that many 
of the ash-fa l l  deposits that must have formed in the basin  fol l owing Cascade eruptions were efficiently 
reworked i nto fl uviat i l e  and lacustri ne sed iments . 

Sediments 

Basa l t  and basa l t ic andesite sands and grave l s, together with pum iceous lapi l l i  and ash , are the 
most abundant constituents of Deschutes fl uviati l e  sed iments . Fragments of andesi t ic,  daciti c ,  and rhyo
l it ic  flow rocks are rel at ively  rare . Some poorly-sorted , coarse-grained units of apparent mudflow orig in 
contain  a l l of the rock types mentioned above . S trata that appear to have been deposited i n  bod ies of 
standing water are composed of wel l -sorted sand gra ins or, more commonly,  g lass shards and d iatoms in  
th in ly laminated beds . However, Deschutes Formation sediments present a l l i ntermediate condi t ions of 
sorti ng and gra in  s ize between  the extremes of mudAow and lake bed . I nnumerable abrupt changes i n  
stream and load characteristics are recorded on both l arge and fine sca le  throughout the  formation .  Cut
and-fi l l  structure , cross-beddi ng,  and beds deformed by subaqueous sl umping occur so abundant ly  as to 
suggest a comp lex h istory of deposition and redeposi tion by sh ift ing, unstable streams,  intermittently 
swo l len during t imes of heavy ra infa l l  and seasonal d ischarge of mel twater from the mounta ins . 

Modern streams are cutti ng i nto the soft tuffaceous sediments of the Deschutes Formation , under
min ing the more resistant basal t  wherever it forms rimrocks, ledges , and waterfa l l s .  Sl umping from the 
canyon wa l l s  produces broad tongues and aprons of debri s .  However, i t  should not be assumed that sed i
ments of the Deschutes Basi n are be ing or  have been rapid ly stripped away . Several widespread un its of  
rimrock basa l t  y ie ld  K -Ar ages cl ose to 4 .• 8 m i l l ion years, and sediments from the upper part of the 
Deschutes Formation were assigned an age of 5 . 3  m i l l ion years by Evernden and James ( 1 964) .  With the 
exception of re l at ive ly  sma l l  areas covered by younger lavas, most of the Deschutes Formation has been 
exposed to erosion for about 5 m i l l ion years . In that time only a sma l l  part of the basin  has been deeply  
d issected . 

The concept that the Deschutes Format ion sediments accumulated i n  a downwarped structural bas in 
l acks supporting evidence . The formation was more l ike ly  deposited as an al l uvial prism at the east base 
of a P l iocene Cascade Range because an episode of Cascade vo lcanism , terminat ing about 5 mi l l ion years 
ago, suppl ied far more volcanic detritus to the ancestra l  Deschutes drainage system than coul d  be carried 
away . 

l n t r a c a n y o n B a s a l t s 

The Meto l i us River rises in the Cascades directly to the west of the Deschutes Bas in,  and the Crooked 
R iver dra ins the Ochoco Mounta ins southeast of the basi n .  Both ri vers joi n the Deschutes River  in The Cove 
Pal isades State Park . Each of these rivers has carved impressive , steep-sided canyons into the Deschutes 
Formation, and each of these canyons has been partia l l y  fi l l ed with flows of basa l t , only to be vigorously 
re-excavated . F lows intracanyon to the Meto l i us were derived from a H igh Cascade vent, were re l at ive ly  
thi n ,  and were superimposed above one another to form a composite va l l ey fi l l .  F lows intracanyon to the 
Crooked and Deschutes R ivers are narrow extensions of a vast fl ood of l ava which poured out south of the 
basin  and near ly ob l i terated the va l l eys beneath th ick , V-shaped wedges of basa l t .  Deschutes Canyon 
was the fi rst to rece ive a tongue of this basa l t , After this fi rst flow had been extensive ly  removed by the 
Deschutes River, a second and larger surge of basa l t  entered Crooked R iver Canyon, .fi l l ed i t  nearl y rim 
to rim , poured 8 k i l ometers downstream from The Cove (a narrow peni nsu la separating the l ower Crooked 
and Deschutes R ivers in The Cove Pal isades State Park ) and moved 5 k i lometers upstream into the Deschutes 
Canyon .  A l l  of these i ntracanyon flows were probably formed during l ate P le istocene and are now preserved 
as remnant benches along canyon wal l s .  
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CRETACE OUS AND CENOZ O IC STRAT I GRAPHY O F  N ORTH -cENTRAL OREGON 

ROAD LOG 

F IRST DAY 

Leave Portland 8:00 A • M . , arrive The Cove Pal isades State Park , STOP 1 - 1  , at 1 1  :00 A • M .  , spend one 
hour examin i ng Deschutes Formation and i ntracanyon basa l t  flow, then l unch 
at The Cove State Park . Return to Madras . 

Turn-out stop: H ighway grade above The Cove State Park . I n  the road cut are units of ash-
flow tuff, cross-bedded sands and grave l s ,  a l l uvia l  pumi ce , a possible l ahar, and a 
flow of col umnar-jointed basa l t  loca l l y  i ntracanyon to anc ient channe l s  in the Deschutes 
Formation . T he view south i ncl udes the sharp contact between the Deschutes Format ion  
a nd a remnant bench of younger i ntracanyon basa l t .  

Viewpoint stop: East rim of Crooked River Canyon above The Cove State Park . 
View East: Ochoco footh i l l s  composed of C l arno, John Day and Col umbia R iver Group 
rocks rising above the broad undissected surface of the Deschutes Basin .  
V iew South:  Two-step profi l e  o f  C rooked R iver Canyon,  partl y fi l led by o thick i ntra
canyon flow of P le istocene basa l t .  
V iew West : Canyon of Crooked R iver .  The Cove State Park fac i l it ies below ore bui l t  
o n  one o f  many lands l i de blocks that can be seen a long the base o f  the c l i ffs . The 
e longate mass of co l umnar-jointed basal t  standi ng above the far side of the reservoir 
i s  a remnant of P l e istocene i ntra canyon fl ow rock that now forms a narrow, fl at-topped 
divide between the Crooked and Deschutes R ivers .  F la t- lying strata in the canyon 
wa l l s are composed of P l iocene sands, grave l s ,  ash-flow tuffs and basa l t  flows (Fig
ure 1 2) .  Footh i l i s and peaks of the Cascades can be seen in the distance . 
V iew North : The shield vo l cano surmounted by a cone of red ci nders is ca l led Round 
Butte and is one of the younger sources of loca l rimrock basa l t . 

00. 0  Start at corner of 5th St . and B St . i n  Madras, proceed east o n  B St . travel ing through 
the Deschutes Format ion . 

05 . 3  Outcrop o f  wel ded tuff, l ower part o f  Member H ,  John Day Formation . Outcrops o f  
both Deschutes and John Day Formations are exposed in road cuts for next 3 .6  m i le s .  

08 . 9  STOP 1-2: l ntracanyon flow of diktytaxi ti c  ol ivi ne basa l t  caps ridge on l eft side of 
road . The fl ow or igi nated from a sma l l  sh ie ld  vol cano visib le  on the fl at surface to 
the east, entered the val l ey of the ancestra l Hay Creek at this point ,  and flowed 
approx imate ly 1 5  m i l es to the north toward the Deschutes Rive r .  Hay Creek has cut 
a new vo l l ey nearly  800 feet deep paral l e l  to the i ntracanyon flow . At this poi nt the 
basa l t  flow rests on the basal ash-flow tuff of Member G of the John Day Formation . 
Th i s tuff, wh ich is a d istinct ive marker un i t ,  conta ins 1 0  to 20 percent of euhedral 
soda sanidine crysta ls  typ ical ly mant led with myrmekite . 

1 0 .  0 Road j unction - cont inue stra ight ahead . 

1 0 . 4  Road j unction - take l eft-hand fork . 
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1 3 . 3  L i thophysa l ash-fl ow tuff o f  Member E o f  John Day Formation exposed i n  road cut , 

1 5 . 2  Bedded tuffs o f  Member F of John Day Formation i n  road cut on l e ft .  Red and gray 
tuffs of Member F exposed on h i l l s ide south of road , 

1 7 . 6  L ithophysal ash-flow tuff of Member E o f  John Day Formation forms west-d ipping 
hogba<;k . Tuff exposed i n  road cut on right side of road . Tuff rests on trachyandesite 
of Member B of John Day Formation , 

1 9 . 4  STOP 1 -3: V iewpoint, l ook i ng west . I n  the foreground the ash-flow tuffs of the John 
Day Formation strike northeast and dip gently to the northwest . In the middle distance 
the John Day Formation is over la in by Co lumbia River basa l t ,  which in turn is overla i n  
by  the fl at-lying sediments and l ava flows of the Deschutes Formation a long the  east 
foot of the Cascade Range . The stra to-vo lcanoes of the H igh Cascades dominate the 
skyl i ne .  

23.7 Road junction - turn right . From the l ast stop the road has been runn ing rough ly para l l e l  
to  the  strike of the John Day Formation .  At th i s  point t he  road turns to the east and 
crosses the trachyandesite of Member B and the ash-fl ow tuffs of Member A .  

24.6 STOP 1 -4: T rachyandes i te of  Member B exposed i n  road cut , Walk down road across 
Member A to contact with C l arno Formation . Member A consi sts of upper fi ne-gra ined 
ash-flow tuff resti ng on approximate ly  1 00 feet of lapi l l i  tuff which i n  turn overl ies the 
basal ash-flow tuff . The basal tuff consists of two cool i ng units each approximate ly 
20-25 feet  th ick . The tuff contai ns 5 - 1 0  percent of quartz, san id ine , and ol igocl ase 
crysta l s  w i th trace amounts of green hornb lende . The basal tuff of Member A c rops out 
a lmost conti nuously from Grizzly on the south nearly to Foss i l  on the north . It a l so 
occurs in isol ated outcrops a long the crest of the B l ue Mounta in  anti c l i nori um to the 
east , and probably extends as far east as Rowe Creek near Twickenham . A thin sapro l i te 
is l oca l l y  developed on the top of the C larno Format ion . From here to Ashwood , l ava 
flows and i nterbedded tuffs of the C l arno Formation are poorly exposed . 

27 . 0  Ashwood junction - turn l eft . 

28 . 8  Road junction - proceed straight ahead o n  d irt road . 

30. 0  STOP 1 -5 :  Rhyo l i te intrusive domes of Member C of John Day Formation . These domes 
mark the source of the extensive rhyo l ite flows of Member C .  This may a l so be the vent· 
from which the ash-fl ow tuffs of Member E were erupted . Return to paved road and 
turn right . 

33 . 0  Contact o f  John Day Formation and C l arno Format ion in  road cut on righ t .  Saprol i te 
at top of C l arno over la in  by trachyandesite of Member B .  

33 .9  Contact of ash-fl ow tuff of Member E on trachyandesite of  Member B of  John Day 
Format ion . 

35 . 9  STOP 1 -6:. Exce l l ent exposures of l i thophysal ash-fl ow tuff o f  Member E of John Day 
Formation , over lying tuffs of Member D .  Exposures conti nue a long road i n  va l l ey of 
Pony Creek . 
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Road crosses major fau l t  i n  John Day Format ion . The fau l t  is down on the east and 
brings rhyo l i tes of Member C in juxtaposi tion with the ash-flow tuffs of Member E .  

Ash-flow tuff of Member H of John Day Format ion in outcrops on left .  

Road junction - turn l e ff on paved h ighway (U . S .  97) . On left o f  h ighway are sma l l  
fol ds o f  ash-flow tuff of  Member H .  

STOP 1 -7: Basal ash-flow tuff of Member I of John Day Formation . Tuff is 5 to 70 
feet thick and is characterized by abundant bl ebs and fragments of b lack g lass . 

Fau l t  in road cut on r ight  brings Columbia River basa l t  against tuffaceous c laystones 
of upper John Day Formation . 

Contact ofYakima Basal t with tuffaceous claystones of Member I of John Day Format ion . 
S l ight baked zone . 

l ntracanyon basa l t  flow of Stop 1 -2 is exposed on r idge top to left .  

Contact o f  Yakima Basa l t  and overly ing Deschutes Format ion exposed i n  road cut. 

Madras . 

78 . 0  STOP 1 -8: Gorge of the Crooked River . Val ley o f  ancestral Crooked River was fi l l ed 
with basal t to leve l of bench on sides of canyon and then present canyon was cut through 
basa l t .  

86 . 0  Redmond . End o f  F irst Day . 

SECOND DAY 

Leave Redmond 7:30 A . M . :  Proceed north on Highway U . S .  97 toward Madras . 

00. 0  Beg in  m i l eage at corner of 5th and B Streets i n  Madras.  Proceed north on U . S .  97 . 

00. 3  Road junction U . S .  1 26 and U . S .  97 .  Take right hand fork (U . S .  97) . 

1 6 . 9  Road junction U . S .  97 and Oregon 2 1 8 .  Take right hand fork (Oregon 2 1 8 ) .  

1 7 .8 Road junction . Take right hand fork . 

20. 2 STOP 2-l :  Yak ima Basa l t  F low with excel l ent co l umnar joint ing .  

2 1 . 7  Basal t  ash-flow tuff o f  Member H o f  John Day Formation forms ledge on  right-hand 
side of road . 

22 . 1  Bedded tuff of John Day Member G in  road cut on left .  

22 .6  STOP 2-2: Basal osh-flow tuff of  John Doy Member G .  Unwelded equ i va l ent of  
we lded tuff a t  Stop 1 -2 .  Eastward from this stop the tuff th ins and grades i nto oir-fa l l  tuff .  
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23 . 3  STOP 2-3: A lka l i  basa l t  flow interbedded w ith tuffs o f  John Day Member F .  Th i s  is 
an oliv ine-rich basal t  with nearly 4 percent Ti02 • Note pegmat itic zones . S im i lar 
basa l t  flows i n  the same stratigraphic position can be traced d iscontinuous ly nearly  to 
Fossi l . A lka l i  o l iv ine basal ts a lso occur in the lower part of the formation near Service 
C reek and near the Painted H i l l s  and in the upper part of the unit near Foss i l . These 
flows were erupted from local vents now marked by d ikes a nd accumulat ions of basa l t ic  
agglomerate and breccia . 

25 .7 L ithophysal welded tuff of John Day Member E in road cut  on right . Basal t  flow of  
Member F ahead and on  the right . 

26 . 1 L ithophysal welded tuff of John Day Member E in road cut on right . 

28 .0  Yakima Basal t  fl ows on sky l i ne to l eft . 

28 .5 A lka l i  basal t  flow of  John Day Member F in road cut on left .  

30. 4  Road junction at Ante lope . Take right hand fork . 

3 1 . 9  Trachyandesite o f  John Day Member B i n  road cut o n  right . 

33 .6  Hummocky topography on  left marks l andsl ide o f  Col umbia R iver Basal t  on John Day 
Formation. 

39.5 STOP 2-4: V iewpoint .  Cl i ff on north side of h ighway consists of John Day tuffs and 
flows of Member F overl a i n  by wel ded tuff of Member H ,  which is capped by Yakima 
Basa l t  on sky I ine . Panorama to east overlooks va l l ey of the John Day River .  Iron 
Mounta in  at 1 1  o ' c lock is Yakima Basal t overly ing tuffs of John Day Formation . Area 
a long both sides of river is a huge l andsl ide (over 40 square m i l es) in which great blocks 
of Col umbia R iver Basa l t  have sl umped on the John Day tuffs . S imi lar landsl ides have 
developed nearly everywhere that erosion has cut through the Col umbia River Basa l t ,  
exposing the tuffaceous cl aystones of  the John Day Format ion . Rocks of the  C larno 
Formation are exposed across the John Day R iver at 1 o ' c lock in the core of the B lue 
Mountai n  ant ic (  i norium . The John Day Formation d isplays marked facies changes across 
the antic l i norium, with ash-flow tuffs , l ava flows, and lap i l l i  tuffs on the west flank, 
and re lative ly  fi ne-gra ined tuffs and tuffaceous c laystones on the east . Sutton Mounta i n  
i s  visible at 2:30 o 'c lock in  middl e distance . I t  is underla in  by Col umbia R iver Basal t  
flows resting on the John Day Format ion . 

45 . 2  Red tuffs and cl aystones i n  base o f  John Day Formation are exposed in road cut o n  left .  

45 . 8  Base l ash-fl ow tuff o f  John Day Member A . Same unit a s  tuff a t  Stop 1 -4 .  

46 .3  Cl arno . Site o f  o l d  ferry across the John Day River .  

47 .3  STOP 2-5:  Contact between basa l ash-fl ow tuff o f  John Day Member A and C larno 
Formation . Di scont inuous zone of cl aystone at top of C l arno . To the north con be 
seen basa l t  flows of John Day Member F i nterbedded with tuffs . Yakima Basa l t  over( ies 
the John Day tuffs . Large l andsl ide can be seen to northwest across the John Day R i ver .  

48 . 1  Andesite l ava flows of C larno Format ion exposed on left .  
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48 .6  Entrance to Camp Hancock on left .  S ite o f  we l l -known fossi l beds i n  upper part of 
C l arno Formation . Fossi l beds contai n wide variety of vertebrate and plant fossi l s  
incl ud ing a number o f  fossi l ized nuts .  

49 . 3  Steep c l i ffs o f  mudflow ( lahari c) breccia i n  the Upper C larno . Breccias are poorly  
sorted and poorl y  bedded and consist chiefly  of andesitic detritus . The breccias are 
i nterbedded with andesite l ava flows . Exce l lent exposures of flows and breccias can 
be seen in road cuts al ong P ine Creek . 

59.8 Upper reaches of P ine Creek . Here the John Day Formation has pinched out and 
Co l umbia River Basa l t  rests d irect ly  on the C larno Formation . 

60 . 4  Top of P ine C reek summ i t .  Col umbia River Basal t overl ies John Day tuffs o n  the sky-
1 ine to the north w ith l avas of the C larno exposed in the foreground . 

65 .7  Foss i l  Junction .  Tum left on H ighway 19 .  Town is named for foss i l s  found by early 
sett l ers . Fossi l p lant loca l ity beh ind the high school . 

66 .5  H ighway crosses Butte Creek . Contact between John Day and C larno Formations is 
1/2 m i l e  down Butte Creek to the west . 

66 . 9  Red soi l  zone o n  top o f  C larno Formation . Pumice lapi l l i  tuffs o f  the John Day 
Format ion at 1 0  o ' c lock . 

67 .5 Contact of C l arno and John Day Formations crosses highway . 

68 . 4  Junction with o ld  highway - turn right . 

68 .8  STOP 2-6: S i l i c ic lava flow interbedded w ith pumice lap i l l i  tuff o f  upper John Day 
Format ion . Lap i l l i  tuff is nearly 700 feet thick here and th ins to west and east . Tuff 
i s  poorly sorted , poorly bedded and wel l  indurated . Character and d istribution of the 
tuff suggest a near-vent, air-fa l l  orig in .  The l ap i l l i  tuff is overla in by 300 to 500 
feet of massive tuffaceous c laystones , containing scattered vertebrate foss i l s ,  which 
in turn are overla in  by Yakima Basal t .  Continue on old highway to j unction w ith 
Highway 1 9 . 

70. 9  Road j unction . Turn left o n  H ighway 1 9 .  

7 1 . 3  Exposures of upper John  Day tuffs and tuffaceous c laystones on  right . 

75 .3 Fossil Junction .  Cont i nue stra ight ahead an H ighway 1 9 .  

84.5 STOP 2-7: Summit Butte Creek Pass . Excel lent exposures of C larno andesites a long 
crest of Blue Mountain  anti cl inori um . 

85 . 8  STOP 2-8: Lunch at  She I ton State Park . 

88 . 2  Road junctio� . Cont inue straight ahead . 

89. 1 Contact of John Day and Clarno Format ions on east side of B lue Mounta in  antic l inor ium . 
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Tuffs of John Day Formation on left side of h ighway . F lows of P icture Gorge Basal t 
form steep c l iffs on both s ides of h ighway . 

Contact of P icture Gorge Basa l t  and John Day Format ion . 

Service C reek flow in  Picture Gorge Basa l t .  This dist inctive fl ow con be recogni zed 
over o considerable area in the Service Creek-Twickenham area . 

Junction .  Continue stra ight ahead on H ighway 1 9 .  

Contact of John Day Formation and P icture Gorge Basal t .  

Spray . 

Contact between John Day Format ion and P icture Gorge Basal t .  

Contact between John Day Format ion and P icture Gorge Basal t .  

Heppner Junction . Continue straight ahead on H ighway 1 9 .  

Bedded tuffs of John Day Format ion in c l i ffs o n  left side of highway . 

Contact of John Day Format ion and P i.cture Gorge Basal t .  

Unusua l joint ing i n  Pi cture Gorge Basa l t .  

Contact  o f  John Day Format ion and P icture Gorge Basa l t .  Several i n l iers o f  John 
Day rocks ore exposed along the river for the next five m i l e s .  

K imberly .  Cont inue on H ighway 1 9 .  

STOP 2-9: K imberly Dike . Dike of P ic ture Gorge Basa l t  cuts tuffs and tuffaceous 
claystones of the John Day Format ion . This dike is port of the Monument Dike Swarm , 
o series of feeder d ikes for the P icture Gorge Basa l t .  Note jo int ing i n  dike and frag
ments of John Day tuffs i ncorporated i nto d ike al ong the contact .  

Dikes of P icture Gorge Basa l t  at  1 o 'c lock .  

Note h igh terraces on  both sides of  the John Day Rive r .  

Ash-flow tuff near middle of John Day Formation . Th is tuff has o wide distribution 
and is on excel lent marker bed i n  the eastern facies of the John Day Formation . Based 
on variations in th ickness and minera logical  composi tion , Fisher ( 1 966) has suggested. 
o source to the southwest . 

Ash-flow tuff l y i ng on green tuffs and cl aystones of John Day Format ion . 

T urnoff to Foree Area , John Day Foss i l  Beds State Pork . Turn left .  

STOP 2- 1 0: Excel l ent exposures of middl e  and upper port of John Day Formation -
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eastern facies. Green tuffs and tuffaceous claystones at bose overlain by welded ash
flow tuff and upper buff tuffs and claystones. Copped by flows of Picture Gorge Basalt. 
Numerous vertebrate fossils in lower beds. Return to Highway 19 and continue south. 

Basal red member of John Day Formation. 

Landslide mosses of Picture Gorge Basalt over John Day tuffs on left. 

Cathedral Rock . A Iorge londsl ide block of John Day tuff that has moved down toward 
the river from the c I i ffs to the west. 

Basal red member of the John Day Formation resting on pre-Cretaceous rocks. 

Munro Area, John Day Fossil Beds State Pork. 

Goose Rock. Cretaceous conglomerates bounded on north by the Middle Mountain 
Fault which brings the Cretaceous rocks i n  contact with the John Day Formation, the 
Picture Gorge Basalt, and, farther east, pre-Cretaceous metomorphics. Hilltop at 
1 2  o'clock is copped with ash-flow tuff of Rattlesnake Formation. 

STOP 2-1 1 :  Thomas Condon Viewpoint, John Day Fossil Beds State Pork. (Figure 13)  
A typical section of the eastern facies of the John Day Formation. The basal red 
member is overlain by the middle varicolored member, including the cliff-forming ash
flow tuff which in turn is copped by Picture Gorge Basalt; the foce is cut by a small fault. 

Figure 1 3. Sheep Rock from Condon viewpoin t .  John Day Formation copped by 
Picture Gorge Basa l t .  
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STOP 2-1 2: P icture Gorge . Type local ity of the P i cture Gorge Basa l t .  The P i cture 
Gorge Basalt consists of a sequence of 1 9  south-dipping flows resti ng on the John Day 
Formation and over la in  by the Masca l l  Format ion . The basa l t  flows d isp lay many 
characterist ic features: chi I I  ed basal contact, col umnar joint i ng with wel l -deve loped 
colonade and entablature , scoriaceous tops, and i nterbeds of tuff and sedimentary rocks . 

In the Picture Gorge area are found excel lent exposures of other central Oregon 
Cenozoic  rocks . Type l oca l ities of the John Day , Masca l l ,  and Rattlesnake Formations 
as wel l as the P icture Gorge are found here . The chart be l ow i l l ustrates the strati
graphic succession . 

P l iocene Rattlesnake Formation 
... 

Masca l l  Formation 
Miocene 

Picture Gorge Basa l t  
Cenozoic 

John Day Formation 
O l igocene ·� ·� 

Clarno Formation 
Eocene 

Mesozoic Cretaceous Goble Creek Formation 
(Conglomerates at Goose Rock) 

Pre-Cretaceous · Serpent in ites, meta conglomerates , 
and phyl l i tes 

Junction H ighway 19 and U . S .  26 . Continue stra ight ahead on U . S .  26 . 

Rattlesnake C reek . The buff-co lored sediments in the foreground be long to the Masco l l  
Formation , which on the ridge to the right i s  capped by grave l s  and welded tuff of the 
Ratt lesnake Format ion . 

Masca l l  Ranch,  turn r ight on grave l road . 

T urn right on d i rt road to viewpoi nt . 

STOP 2-1 3: Westward from this vantage po int i t  is possibl e to look into the type 
local it ies and see typical deve lopment of rocks comprisi ng the John Day , Picture 
Gorge , Mascal l ,  and Ratt lesnake Format ions . To the east l ooking up the val l ey of the 
John Day R iver, terraces of Masca l l  and Rattl esnake are visib le  on e it her side and on 
the far horizon the Aldr ich and Strawberry Mountains can be seen . Return to gravel 
road and turn r ight . 

Junction with Antone road . Keep stra ight ahead . 

STOP 2- 1 4; Ratti esnake lgn imbrite Tongue rest ing on the Lower Fangl omerate Member . 
To the left can be seen a poor outcrop of Masca l l  overl a i n  in turn by the Lower Fan
g lomerate Member of the Rattl esnake , the Ignimbr ite Tongue and the Upper Fangl omerate 
Member . 
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Turn around . Note that the Masca l l  has been cut out and the Rattlesnake rests directly 
upon Picfure Gorge Baso l t .  Picture Gorge basal ts dip to the north here whi le  in Pi cture 
Gorge they dip south . The axis of the John Day Sync l ine l ies to the north of this 
position .  Return to U . S .  26 . 

Junction with U . S .  26 . Turn right toward John Day . 

Dayvi l l e .  

The prominent vert ica l  p l ates visib le  o n  the right i n  steep s lopes bel ow the pediment 
are Picture Gorge flows ti l ted vert ica l ly in the north l imb of the A ldrich Mounta in  
An t ie l  ine . The John Day Faul t fo l lows the base of the steep s lope in  wh ich the p lates 
are exposed . 

Junction - Fie lds Creek Road . The John Day Foul t passes through the Mosca I I  Formation 
in this area . In road cuts south of the main highway dip changes can be observed going 
from the preva i l ing gent le south to steep north . One thousand feet to the south vert ica l  
P icture Gorge basal ts are exposed . The Aldri ch Mountains to the south consist large ly  
of a sequence of Mesozoic sediments and vo l canics . 

Mount Vernon . 

Hol l iday Rest Area . The John Day Fault runs j ust south of this area . 

John Day . End of Second Day . 

TH IRD DAY 

00. 0  Start a t  the j unction o f  H ighway 1 9  and U . S . 26 , 38 mi les west o f  John Day . Drive 
west on U . S .  26 . 

01 .5  STOP 3-1 : Masca l l  Formation crops out at road l eve l ;  over lain by Rattl esnake on the 
ridge tops . The Masca l l  l ies on a dip slope of Picture Gorge Basa l t  which can be seen 
ris ing to the sky I ine on the north side of Rock Creek.  

03 .7 Picture Gorge Basa l t  in  road cut . The Mascai i -Picture Gorge section is repeated here 
at l east three times by WNW trendi ng faults . 

04. 6  Note la rge sl ump b lock o f  P icture Gorge at 1 2  o 'c lock . 

05 . 1  Sma l l  patch of John Day overl a in  by Picture Gorge . 

06 . 3  C larno breccias and flows, poorly exposed . 

09 . 5  C larno brecda on  r ight . 

1 2 . 7  Picture Gorge Base I t  i n  road cuts . 

1 6 . 5  Junction with Antone road . Ratt lesnake Ignimbrite Tongue on both sides o f  h ighway , 
rest ing on Picture Gorge at the right . Conti nue on U . S .  26 . 
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1 7 . 3  - R idge crest to south ( left) , tree-covered Ochoco Basa l t  resting on Ratt lesnake . (Ochoco 
is the name g iven by W . D .  Wi l k inson for post-Ratt lesnake vo l canics) 

20 . 2  John Day Format ion in road cut , Ratt lesnake ignimbrite o n  h i l l  to the righ t .  

23. 1 Rattlesnake Ignimbrite Tongue caps ridge to the south ( left) . This is the westernmost 
occurrence of this meml:er in the John Day dra inage . 

24.7 Keyes Summit . Keyes Mountain , an exhumed O l igocene vol cano composed of Upper 
C larno flows and brecc ias,  can be seen at 2 o 'clock . Road cuts and outcrops for the 
next six m i l es w i l l  expose Upper C larno rocks. 

3 1 . 0  STOP 3-2: C larno mudflow breccia with angu lar blocks of andesite up to 20 feet in 
d iameter overla i n  by platy andesite fl ow rocks . 

3 1 . 9  Junction with Service Creek road (Highway 207); turn right on  207 . The road cut on  the 
r ight exposes Hudspeth mudstones .  Ba i ley Butte on the l eft side of the road is a C larno 
andesi te s i l l intrus ive i nto the H udspeth . 

32.0  Sutton Mountain at  12  o ' c lock is formed of  mu l t ip le  flows of  P icture Gorge Basal t .  

34.7 Turn around . Meyers Canyon to the west . On the sky l i ne to the south ore the Ochoco 
Mounta ins and Mt . P isgah;  the con ical butte in the m iddle d istance is White Butte , a 
C l arno hornblende andesite i ntrusion .  The bedrock i n  the immediate vic inity is east
d ipping Hudspeth mudstone and the white ash i n  the gul l ey to the west is an a l l uvial 
deposit of Mazama (? ) ash . 

35 . 2  STOP 3-3: Wa I k down Meyers Canyon to the west . Hudspeth mudstones and sandstones 
d ipp ing east are first encountered . P l ant fragments , pe lecypods and gastropods are 
l oca l ly present - age Al bian . Contact with Permian metasediments can be seen on the 
south side of the gul l ey .  Phyl l i tes,  marb les, and bl uesch i st can be col l ected from the 
metasediments . Return to U . S . 26 . 

38 .6 Junction with U . S .  26 , turn right . 

39 . 4  Contact o f  Ba i l ey Butte si l l  with mudstone .  

39.5 Junction , turn r ight on Old U . S .  26 . 

40. 1 Approximate ax is of the Mitche l l Antic! ine . 

40. 3  F loodp la in  of B ridge Creek and tw o  h igh-level terraces on left .  

40.7  Good outcrop of  Hudspeth mudstone capped with h igh-l evel  grave l ;  andesite d ike on  
left in stream bed . 

41 . 0  STOP 3-4: Int rusi ve d ikes i n  Hudspeth mudstones . Dark basa l t  d ike with horizontal 
jo i nt ing arid on andes ite ring dike complex with a breccia zone in the center . Some 
associated rad ial d ikes of andesite can be seen . Note soft sed iment deformat ion and 
concretions in the mudstone . Turn around . Return 'to U . S . 26 . 
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42,5 Junction U . S .  26, turn righ t .  

43 .8 Andesi te d ike cutti ng Hudspeth mudstone in  road cut . 

44. 1 Junction ,  turn l eft on Gabl e  Creek Road . 

44,4 Gable Creek conglomerate on right a long Gab le  Creek . 

45 . 5  Andesi te sil l o n  left .  

46 . 1  Mitche l l  Faul t .  

46 .5 B lack Butte at 12  o ' c lock . A s i l l  of C larno hornb lende andesite i ntruding Cretaceous 
sediments . 

46 .7 Junction, turn right on trai l .  

46 . 8  STOP 3-5: Wal k  out to viewpoint . The Mitchel l Fau l t  is visible to the north where 
Gable Creek conglomerates are cut off. Other good exposures of Gable Creek conglom
erate members are visib le from here . Return to gravel road . 

46 .9 J unction, Gabl e  Creek Road , turn righ t .  

47 .4  Road fork , straight ahead . 

47 .6 Road fork , straight ahead . 

48 . 0  On left ,  mudstone overl a in  by conglomerate . 

48 , 3  STOP 3-6: Viewpoint . To the southeast , Gab le  Creek tongue 4 con be observed 
p inching out into shale .  Congl omerate crosses the road . 

48 . 4  Turn around and return to U . S .  26 . 

54.4 Junction U . S .  26, turn left .  

54, 9 Gable Creek cong lomerate d ipping to the west . 

55 . 2  Contact of C l arno with C retaceous conglomerate , regol ith at contact , 

55 . 3  Junction with Br idge Creek Rood , turn right . Sargent Butte at 1 1  o 'c lock i s  a rhyo l i te 
i ntrusion . 

56 . 0  Sma l l  l andsl ide of rhyo l i te o n  l eft . 

56 . 2  Clarno flows and tuffs al ong highway . 

56 .6 Upfau l ted block of  Gable  C reek cong lomerate on the right . 

56 .9 Mou th of  Meyers Canyon , typical Lower C l arno fl ows in  road cut . 
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57.7 Contact of C l arno and John Day Formations exh ibits the red basal tuff of the John Day . 
Travel a long the contact . 

57 . 9  l n l iers o f  C l arno form sma l l  h i l l s  surrounded by John Day rocks . 

58 .6  A l ka l i ol iv ine basa l t  outcrop , possib ly of John  Day age . 

60. 9  Junction,  turn l eft i nto Painted H i l l s  State Park . 

6 1 . 5  Sma l l  fau l t  i n  John Day on left .  

62 . 0  Junction, turn l e ft to viewpoint . 

62 .5  STOP 3-7: V iewpoint , l ook ing east note Sutton Mounta in  capped by P icture Gorge 
Basalt flows wi th John Day tuffs and sed iments d ipping northeast . The thick flow in  
the  lower part of  the  P icture Gorge section shoul d  be  the Service Creek flow . Outcrops 
of C larno Formation can be observed to the south .  The ash-flow tuffs of the middle 
John Day Formation can be seen to the northeast . Tum around . 

63 .0  Junction, turn l eft .  

63 .7  Junction, turn r igh t .  

64. 2  STOP 3-8: V iew of John Day d ipping east under P icture Gorge Basa l t .  Two coo l i ng 
units of the John Day ash-flow tuffs can be seen as resistant l enses . l n l i ers of C l arno (? ) 
rhyo I i te can be examined here . Turn around • 

64. 6  Junction , turn right . 

64.9 STOP 3-9: Examine rhyol i te i n l iers . 

65 . 3  STOP 3-1 0: John Day fossi l  p lants . Turn around and return to U . S .  26 . 

73 . 5  J unction U . S .  26, turn right . Sargent Butte a t  1 2  o ' clock . 

7 4 .5  C l arno andesi te i n  road cut . 

75 . 0  C l arno me labasa l t  i n  road cut on right . Bl ack Butte , a con ica l  h i l l  formed from a 
th ick C larno andesi te si l l ,  at 1 0:30 o ' c lock . 

76. 9  Cl arno andesite dike . 

77 . 4  Cretaceous sediments o n  right . 

77 . 6  Crossing Mitche l l  Faul t; Cl arno to the nort h ,  Cretaceous sed iments to the south . 

78 .5 C l arno intrusive andesite on left . 

78 . 9  C l arno intrusive andesite on right . 

79 . 2  Junction old Ochoco Hi ghway , cont inue on U . S . 26 . 
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80. 1 

80.6 

8 1 . 0  

8 1 . 3  

82. 1 

83 . 4  

1 1 8 . 5  

1 20 . 4  

1 2 1 .5  

1 24 .0  

1 27 . 0  
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Contortion of C retaceous mudstone exposed i n  road cut is probably due to drag on the 
l imb of a snycl i ne i n  C retaceous rocks . 

Approximate location of sync l ina l  ax is . 

I nteresti ng angu lar  re l ationsh ip of conglomerate on mudstone formed by a sl ide b lock 
of  C retaceous sediments . 

C larno fau l ted aga inst Cretaceous conglomerate on right . 

Cl arno andesite Aows and tuffs in road cuts . 

STOP 3-1 1 :  C larno tuffaceous sed iments with fish sca les and p lant fragments i ntruded 
by melabasal t  exhibit ing segregation bands . C l arno i n  a l l  road .cuts up to Ochoco 
Summit . On the west side of the summit in the Marks Creek dra i nage C l arno exposures 
are genera l l y  poor and w ide ly  separated . 

Ochoco Reservoir ·on l eft . 

STOP 3-1 2: John Day ash-flow tuff exh ibiti ng secondary flowage after orig inal 
emplacement . 

P le i stocene basa l t  on sky l ine to left .  

John Day rhyo l ite ash-flow tuff on right . 

Prinevi l le ,  3rd and Main Streets . 
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Tab le  1 .  Average chemica l compos i tion of volcanic and i ntrusive rocks of the centra l part of the Oregon 
Coast Range (averages reca leu Ia ted water-free) . 

VOLCANIC ROCKS 

Lower and middle 

Eocene 

Uppermost Eocene Middle Miocene 

S i letz River Volcanics 

Sio
2 

A1
2

o
3 

Fe0!-Fe
2

o
3 

MgO 

CaO 

Na
2

o 

K
2

o 

Tio
2 

P 2
0

5 

MnO 

Number o f  

analyses 

4 9 . 0  

1 4 . 5 

1 1 . 6  

8 . 3  

1 2 . 2  

2 . 3  

0 . 17 

1 . 6  

0 . 1 5 

0 . 19 

48 . 2  

16 . 0  

1 2 . 0  

6 . 1  

7 . 4  

4 . 3  

1 . 9  

3 . 3  

0 . 71 -

0 . 20 

9 

Basalt o f  
Yachats 

3 

5 1 . 4  

l 7  . 6  

1 0 . 9  

3 . 6  

8 . 7  

3 . 6  

1 . 0  

2 . 6  

0 . 59 

0 . 16 

20 

Basalt of 
Cascade Head 

4 

4 7 . 1  

1 5 . 5  

1 2 . 0  

6 . 6  

10 . 3  

3 . 0  

1 . 3  

3 . 3  

0 . 78 

0 . 2 3  

1 2  

Camptonite 

5 

41 . 7  

1 2 . 7  

16 . 5  

7 . 8  

10 . 3  

2 . 1 

2 . 7  

4 . 4  

1 . 6  

0 . 23 

4 

INTRUSIVE ROCKS 

Depoe Bay 

Basalt 

6 

5 5 . 7  

14 . 0  

1 2 . 3  

3 . 6  

7 . 1  

3 . 3 

1 . 4  

2 . 0  

0 . 3 8  

0 . 2 1 

8 

Cape Foulweather 
Basalt 

7 

5 1 . 9  

13 . 9  

14 . 5  

4 . 1  

7 . 9  

3 . 0  

1 . 0  

3 . 0  

0 . 6 9 

0. 2 2  

1 1  

Lower upper 

Eocene ( ? )  

Uppermost Eocene Lower Oligocene Mid�Oligocene 

Albitized 

Diabase 

Hornblende Biotite 
Camptonite Carnptonite 

Nephe li ne 

Syenite Granophyric Gabbro 

Si0
2 

Al
2

a
3 

Fe0j-Fe
2

o
3 

MgO 

CaO 

Na
2

o 

K
2

0 

Ti0
2 

P
2

0
5 

MnO 

Number of 

analyses 

8 

50 . 0  

1 5 . 1  

1 2 . 3  

5 . 2  

1 0 . 0  

3 . 6  

0 . 5 5 

2 . 2  

0 . 3 5 

0 . 2 2 

17 

9 

43 . 2  

1 4 . 1  

14 . 8  

5 . 6  

10 . 7  

3 . 7  

2 . 0  

3 . 8  

1 . 8  

0 . 29 

10 

4 1 . 0  

1 3 . 1  

16 . 5  

7 . 6  

1 0 . 0  

3 . 6  

2 . 1  

4 . 5  

1 . 4  

0 . 2 1 

11 

60 . 2  

19 . 0  

6 . 0  

0 . 2 2 

1 . 2  

8 . 6  

4 . 1  

0 . 16 

0 . 23 

0 . 23 

1 1  

1 2  

5 5 . 1  

14 . 1  

1 3 . 5  

2 . 0  

5 . 7  

4 . 9  

1 . 1  

2 . 0  

0 . 95 

0 . 23 

2 

1 .  Tho l e i itic basalt from lower part o f  Siletz River Volcanics (Snavely and others , 1968, Table 3 ) . 

1 3  

57 . 2  

1 3 . 1  

1 4 . 3  

1 . 3  

5 . 3  

3 . 7  

1 . 8  

1 . 9  

0 .  77 

0 . 28 

14 

57 . 4  

1 3 . 4  

14 . 7  

1 . 5  

5 . 2  

3 . 0  

2 . 0  

1 . 7  

0 . 69 

0 . 27 

2 .  Alkalic basalt from upper part o f  Si letz River Volcanics (Snavely and other s , 1968 , Table 7 ,  col s . 1 4  and 1 5 ,  and Tabl e 8 ,  

col s . 1 - 3  and 4a-7a ) . 

3 .  Basalt near Yachats , Waldport , Tidewater , and Map leton quadrangles (Snavely and other s ,  1 9 6 9 ,  Table 1 )  
4 .  Basalt near Cascade Heads , Hebe quadrangle ( Snavely and others , 1969 , Table l )  

5 .  Camptoni t i c  volcanic rocks , lower Siletz River , Euchre Mtn. quadrangle ( Snavely and others , 1969 , Table 1 )  

6 .  Depoe Bay Basalt, northwestern Oregon (Snavely and others , 197 3 ,  Table 2 )  

7 .  Cape Foulweather Basalt , northwestern Oregon {Snavely and others , 1973 , Table 2 ) . 

8 .  Albitized diabase s i l l s  and dikes , Euchre Mountain ,  Valsetz, and Grande Ronde quadrangles . 

9 .  Hornblende camptonite s i l l s  and dikes , Euchre Mountain quadrang l e . 

10 . Biotite camptonite dikes , Euchre Mountain quadrang le . 

1 1 .  Nepheline syenite s i l l s , dikes and stock , Tidewater and Waldport quadrang les . 

1 2 .  Chilled margin basa l t ,  Marys Peak s i l l , Marys Peak quadrangle . 

1 3 .  Chilled margin basal t ,  Cedar Creek s i l l , Euchre r.tountain quadrangle . 

14 . Chilled margin basalt , Stott Mountain s i l l , Euchre Mountain and Valsetz quadrang les . 
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Igneous activi ty forms major chapters i n  the Tertiary geologic h istory of western Oregon and Wash
i ngton . The genesis of the vo lcanic and i ntrusive rocks is of more than loca l i nterest as the magmas that 
gave rise to these igneous rocks were generated near the boundary of the tectonica l ly active Pacific  and 
North American p la tes . The area of th i s  fie ld tri p  in the centra l part of the Oregon Coast Range (P late 1 ,  
i n  pocket) not on ly  provides a representative section of a l l  the volcanic sequences and igneous rocks 
exposed e lsewhere in the Coast Range but a l so conta ins a l ka l ine rocks that  are rare or absent i n  adjacent  
areas . 

Only a brief geo logic summary is given here because the geo logy of the centra l part of the Oregon 
Coast Range has been described recently by Snavely,  Mac leod , and Rau ( 1 969) , and deta i l ed geo logic 
maps of thi s  area have been placed on open fi le  (Snavely,  Macleod , and Wagner ,  1 972 a ,  b, c) . I n  
addi tion , reports by Snavely and Macleod ( 1 971 ) and Lund ( 1 972) g ive descriptions o f  the coasta l geology 
for the benefi t of the genera l pub l ic . 

The o ldest rocks i n  the Oregon Coast Range are submar ine basa l tic pi l low lavas, breccia , and tuff, 
and associated basa l tic sed imentary rocks of ear ly  and ear ly-m idd le  Eocene age . I n  the centra l part of 
the Coast Range they are referred to as the S i l etz R iver Vo lcanics (Snave ly  and Ba ldwin ,  1 948) , i n  the 
southern part as the volcanic rocks of the Umpqua Formation (Di l ler ,  1 898) , and in the northern part as the 
lower part of the Ti l lamook Volcanics (Warren, Norbisrath , and Gr ivetti , 1 945) ; correlative rocks i n  the 
Coast Range and O lympic Mounta ins of Wash ington are assigned to the Crescent Formation (Arnol d ,  1 906) . 
Most of these lower and m idd le  Eocene submarine vo lcanic rocks are low-potassium tho le i i tic  basa l ts 
(Tab le  1 ,  col . 1 )  of relatively uniform composition . They are virtua l ly identica l i n  chem ica l composi tion 
w i th ocean ridge basa l ts (Snavely, Mac leod , and Wagner , 1 968) , and we interpret them to be oceanic 
crust that has been accreted onto the continenta l  margin . Th is interpretation is consonant w ith the appar
ent absence of o l der rocks i n  the Coast Range and the relative ly th i n  crust in th is reg ion (Berg and others , 
1 966); however, u l tramafic rocks typica l of oph io l i te sequences in other areas have not been found . 

The basa ltic rocks in the upper part of the S i l etz River Vo lcanics differ both in composition and 
environmenta l  setting from those in the lower tholei i tic part (Snave ly,  Macleod , and Wagner, 1 968) . 
I n  the upper part they consist of a l ka l ic basa l t  (Tab le  1 ,  col . 2) , tho le i i tic  basa lt,  fe ldspar-phyric basa l t, 
ankaram i te,  and picrite that occur as breccia, Ia pi I I i  tuff, and tuff, and less abundant pi I I  ow flows .  They 
were erupted in relatively sha l low water and appear to represent a late d i fferentia ted sequence . Loca l ly, 
as near Ba l l  Mounta in ,  the volcanic rocks accumu la ted i n  suffi c ient th ic kness to form islands where basa l t  
was erupted subaeria l ly .  I n  places p i  I I  ow lavas are interbedded with fossi l i ferous basa I tic sandstones and 
cong lomerates that were deposi ted near the-strand l i ne of this volcanic is land . The mapped shape of this 
volcanic accumulation ( Plate 1 ,  in pocket) and the fact that the younger sedimentary rocks both buttress 
out against its flanks and extend nearly horizontally across the top sug gest that the island was truncated 
by erosion to form a seamount before it was downwarped and buried by marine sedimentary rocks. The 
wide variation in chemical composition of the basaltic roc ks in the upper part of the Siletz River Volcanics 
and their common alkaline character suggest a similarity to volcanic rocks of present-day seamounts and 
islands in the Pacific Basin. 

The Siletz River Vo lcanics is overlain by the Tyee Formation (Diller, 1 898) , a thic k sequence of · 
rhythmically bedded sandstone and siltstone of middle Eocene a g e. The graded sandstone and siltstone 
beds tha t make up this unit are turbidite deposits and had their provenance in the Klamath Mountains, 1 00 
to 1 50 miles to the south (Snavely, Wagner, and Mac leod, 1 964) . The Tyee Formation under lies most of 
the eastern part of the map area (Plate 1 )  and along the crest of the Coast Rang e is more than 6, 000 feet 
thick. However, near Ball ,Mountain where the Tyee overlies the seamount of the Siletz River Volcanics, 
the Tyee is l ess than 1 , 000 feet thic k. North of the seamount the sandstone of the Tyee interfing ers lat
erally with deep-water marine pelagic siltstone. 
l Publication authorized by the Director, U.S. Geological Survey . 
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I n  the map area (P late 1 )  the Tyee Formation g�ades upward i nto marine si I ts tone w i th  minor g lauco
n i tic sandstone of the Yam hi l l  Formation . The Yamhi l l  Formation (Ba ldwin and others , 1 955) , of late 
m idd le  and early- la te Eocene age, contains a few thi n  beds of lapi l l i  tuff and breccia near Sadd leback 
Mounta in  in the northeastern corner of the map area . In the Ti l lamook H igh lands farther to the north , a 
th ick sequence of marine lapi l l i  tuff and tuff breccias of the same age attests to vo lcanism i n  ear ly-late 
Eocene time . A 5()()-foot-wide diabase d i ke near Grande Ronde and thi ck  a lbi tized d iabase si l is (Tab le  1 ,  
col . 8) that under l ie  Sadd l eback  Mounta in  may be re lated to th is period of igneous activ i ty . 

A regiona l unconform ity separates the Tyee and Yamh i  I I  Formations from the over lying Nestucca 
Formation (Snave ly and Vokes, 1 949) of latest Eocene age, which consists of th i n-bedded mar ine tuffa
ceous si l tstone with i nterbedded arkosic and g lauconi tic sandstone and tuff beds . Regiona l vo lcanism i n  
latest Eocene time loca l ly produced th ick  sequences of vo lcanic rocks that in terfinger latera l ly with the 
Nestucca Formation . 

The upper Eocene vo lcanic rocks were erupted from many loca l vents to form low sh ie ld- l i ke accumu
lations composed largely of subaeria l basa l t  flows 1 0  to 20 feet thi ck .  Because these basa l ts were in i tia l ly 
erupted on a sha l low she lf, pi l low basa l t  and tuff breccia and mari ne basa l tic cong lomerate and sandstone 
are present at the base and a long the fri nges of the vo lcanic pi l es .  The upper Eocene vo lcanic rocks that 
form the rugged coasta l area between Cape Perpetua and Heceta Head in the southwestern part of the map 
area (Plate 1 )  are informa l ly referred to as the basa lt of Yacha ts . Correlative vo lcanic rocks crop ou t 
a long the lower S i letz R iver i n  the northwestern part of the map area and at Cascade Head, 30 m i l es north 
of Newport (Snavely and Vokes, 1 949) . Upper Eocene vo lcanic sequences a lso compose the upper part of 
the Ti l lamook Vo lcan ics <:warren, Norbisrath ,  and Grivetti , 1 945) , northeast of Ti l lamook,  and the Gob l e  
Volcanics (yYi l kinson , Lowry, and Ba ldwin,  1 946) ,  a l ong the Columbia River about 45  m i l es north of 
Portland . 

Typica l ly, the volcanic rocks near Yachats consist of porphyri tic basal t  and basa l tic andesi te that 
are quartz normative and characterized by a relatively h igh a l ka l i ,  a lum ina ,  and titanium content (Tab le  
1 ,  co l .  3) . These rocks show a w ide range i n  chem ica l composi tion a nd petrography; some d i kes that cut 
the upper part of the sequence are of rhyodacitic compos i tion . On varia tion d iagrams the analyses of the 
volcanic rocks plot a long l inear trends . Together wi th the abundant phenocrysts that characterize the 
rocks, these l inear varia tions i ndicate that the magma di fferentiated prior to eruption . 

Campton itic mar ine lapi l l i  tuff and pi l low lavas of latest Eocene age tha t crop out near the mouth 
o f  the S i letz R iver (Snavely,  Mac leod , and Wagner , 1 972a) (see P late 1 )  are among the most unusua l 
rocks i n  western Oregon . They are marked by low si l ica and h igh a l ka l i ,  i ron, titan ium ,  and phosphorus 
content (Tab le  1 .  col . 5) and are strong ly nephe l ine normative . Camptonite d i kes and si l l s  crop out over 
a brood area i n  the Euchre Mounta in  quadrangle (P late 1 ) , and some show marked d ifferent iation . 

The basa l tic rocks of the Cascade Head sequence (Tab le  1 ,  col . 4) a lso are a differentia ted sequence 
that shows a wide range in composi tion . U n l i ke the correlative basa l ti c  rocks near Yachats , those at Cas
cade Head are most ly undersatura ted w ith respect to si l ica (nephe l ine normative) . 

The differences i n  composi tion between the sequences of upper Eocene vo lcanic rocks near Cape 
Perpetua , a long the lower S i l etz R iver , and at Cascade Head suggest that they were derived from separa te 
magmas . A complex h istory i s  a lso suggested by a wide varia tion i n  lead isotope composi tions of these 
upper Eocene volcan ic rocks (Tatsumoto and Snave ly, 1 969) . 

Nephe l i ne syeni te and phono l i te (Tab le  1 ,  co l .  1 1 ) si l l s,  di kes, and a sma l l  stock occur in the 
Tidewater and Wa ldport quadrang les (P late 1 ) . The largest intrusive body is the 25D-foot-th ick  si l l  that 
caps Table Mountain (Vokes, Norbisrath , and Snave ly, 1 949) . The w ide distribution of cobbles of neph
el ine syeni te i n  P l eistocene terrace deposi ts indicates that the nephe l i ne syeni te si l ls were former ly much 
more extensive . The nephe l ine syenite intrusive rocks may be a late produc t of the period of igneous 
activ ity tha t produced the flow sequences at Cape Perpetua , lower S i l etz River ,  and Cascade Head.  

Mari ne basa ltic sandstone and cong lomerate of  latest Eocene age over l ie  the basa l t  sequences at 
Cape Perpetua and Cascade Head . These basa l tic sands th i n  rapid ly away from the vo lcanic centers from 
which they were derived and are absent throughout most of the map area . Massive to th ick-bedded tuffa
ceous si l tstone and very fine-gra i ned sandstone of O l igocene age, i nforma l ly referred to as the si l tstone 
of A l sea , over l ie the upper Eocene volcanic and sedimentary rocks on the west f lank of the Coast Range 
(see P late 1 ) .  The ubiqui tous high ash content in the O l igocene marine s i l tstone was derived from explo
sive vo lcanism in the ancestra l Cascade RC'nge . The ash was probab ly transported by rivers and streams to 
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the former coast; some nearly pure tuff beds, however , may have resu I ted from ash fa I I  directly into the 
marine environment . 

D i kes, si l ls ,  and inc l ined sheets of iron-rich granophyric gabbro (Tab l e  1 ,  col s .  1 2, 1 3, and 1 4) 
of m id-O l igocene age crop out a long the axia l part of th e  Coast Range (P la te 1 )  (Snavely and Wagner, 
1 96 1 ) .  The th ickest si I I ,  about 1 ,  000 feet thick,  under l i es Marys Peak 1 2  m i l es southwest of Corvo I f  is 
(Ba ldwin ,  1 956) . Num erous other si l l s ,  300 to 700 feet th ick, cap many of the higher peaks and upland 
surfaces in the Coast Range .  Most of the si l ls show strong di fferentiation , wi th late deve lopment of ferro
granophyre and granophyre . 

Sandstone and conglomerate w ith interca lated si l tstone , tuff, and coa l beds of late O l igocene and 
ear l i est M iocene age , assigned to the Yaquina Formation (Schenck,  1 928) over l ie  the si l tstone of Alsea . 
These sedimentary rocks are interpreted as a de l taic deposit  that deve loped a t  the mouth of a r iver that 
drai ned through the present s ite of the Coast Range (Snavely and Wagner , 1 963) . Andesitic and dac i tic 
c lasts in cong lomerate and crossbedded pum iceous sandstone of th is  unit  were probably derived from an  
ancestra l Cascade Range . Marine si l tstone and  very fine-gra ined sandstone of  the Nye Mudstone (Harri
son and Eaton , 1 920; Snave ly, Rau, and Wagner , 1 964) of ear ly  M iocene age and sandstone and si l tstone 
of the Astoria Formation (Packard and Kel logg , 1 934; Snave ly, Rau , and Wagner, 1 964) of midd l e  Miocene 
age over l ie  the Yaquina Formation . A few th ick tuff beds (5 to 20 feet) in the Astoria Formation a ttest 
to continued volcanism to the east in an ancestra l Cascade Range . 

Three periods of basa ltic vo lcanism occurred in western Oregon and Wash ington in m idd le and late 
Miocene time (Snavely, Macleod , and Wagner , 1 973) . The Miocene vo lcanic rocks and corre la tive 
intrusive rocks crop ou t in a narrow be l t  a long the northwestern Oregon coast and a lso crop out in land 
southeast and northeast of the mouth of the Co lumbia River in  Oregon and Washington . Two of the M iocene 
basa l t  units are present in the fie ld  trip area . The o ldest unit,  the Depoe Bay Basa lt  (Snave ly, Macleod , 
and Wagner , 1 973) (Table 1 ,  col . 6) , is the most volumi nous and makes up many of the scenic headlands 
of the northwest coast, such as Cape Lookout and Cape Meares . Th ick si l ls of Depoe Bay Basa l t  form 
Cape Fa lcon and Ti l lamook Head on the coast and a lso Mount H ebo and Mount Gau ldy to the east in the  
Coast Range . Th is un i t  i s  exceptiona l ly wel l exposed a t  i ts type loca l i ty at Depoe Bay, where i t  consists 
pr inc ipa l ly of iso lated pi l low breccia . North and east of Depoe Bay, O l igocene and Miocene sedimen
tary rocks are laced wi th a pl exus of si l ls and di kes of basa l t, breccia , and peperi te tha t attest to the 
loca l origin of  the extrusive sequence .  

The m idd le un i t  of the three Miocene basa l t  sequences ,  the Cape Fou lweather Basa l t  (Snave ly, 
Mac leod , and Wagner , 1 973) (Tab le 1 ,  col . 7), over l i es the Depoe Bay Basa l t  in severa l loca l i ties a long 
the coast between Newport and the Co l um bia River , and di kes and si l ls re la ted to th is  basa l t  are common 
near the coast . The most extensive exposure of th is unit is  at the type loca l i ty ,  Cape Fou lweather (P late 
l ) ,  about 1 0  m i l es north of Newport, where i t  consi sts chief ly of rude ly  jointed breccia , tuff breccia , 
and m inor thi n  flows that  are cut by related di kes, si l ls ,  volcanic necks, and irregular intrusive bodies . 
The basa l t  sequence at Cape Fou lweather is large ly of subaeria l origin ,  but bedded lapi l l i  tuffs and breccia 
that are exposed 2 to 4 m i l es north of Cape Fou lweather probably formed a broad fring ing marine apron 
around the subaer ia l vo lcanic cen ter at Cape Fou lweather . Yaquina Head (P la te 1 ) , 2 m i l es north of New
port, a l so is under la in  by flows and breccia and di kes and si l l s of Cape Foulweather Basa l t .  Di kes and 
si l ls of Cape Fou lweather Bcsa l t  cut M iocene and O l igocene marine sandstone and si l tstone east of the 
coast between Cape Fou lweather and Newport and a lso occur farther south a t  Sea l  Rocks . The youngest 
of the three coasta l Miocene basa lt  units is exposed on ly in the Coast Range of southwestern Wash ington 
(Snave ly ,  Mac leod, and Wagner , 1 973) where it i s  interbedded in sed imentary roc ks of the lower part of 
the Montesano Forma tion of Weaver ( 1 91 2) .  

During the interva l of time that the three units of basa l t  were erupted in  northwestern Oregon and 
southwestern Wash ington, volum inous eruptions that produced the Yakima Basa l t  occurred on the Colum
bia P lateau east of the Cascade Range . Some of the lava f lowed westward from the plateau through the 
present site of the Cascade Range into western Oregon and Wash ington . These pla teau-derived flows of 
the Yakima Basa l t  crop ou t i n  the  Puget-Wi l lamette lowlands and a long the lower Co lum bia River . The 
Yakima Basa l t  consists of severa l distinctive petrochem ica l  types (Waters, 1 96 1 ;  Schm incke, 1 967; Wrigh t, 
Gro l ier and Swanson , 1 973) . The three Miocene basa l t  units of coasta l Oregon and southwestern Wash
ington are virtua l ly identica l in chemica l composition with three major petrochem ica l types of the Ya kima 
Basa l t  (Snave ly,  Mac leod , and Wagner , 1 973) . They a lso occur in  the same eruptive sequence as do their 
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correspondi ng chemical types i n  the Yakima Basa l t  and are approximate ly  the same age .  These re lations 
suggest that the three coasta l basa l t  un i ts are comagmatic w i th three basa l t  units in the Yakima Basa l t, 
even though the latter were vented more than 300 m i les to the east (Snave ly 1 Mac Leod, and Wagner, 1 973) . 

The Cape Fou lweather Basa l t  is the youngest Tertiary formation exposed i n  the map area . However , 
seismic reflection profi les and oi l test wel ls on the adjacent continenta l she l f  i ndicate the presence of a 
th ick sequence of sedimentary rocks of post-m idd le  Miocene age (Bra i s l i n ,  Hasti ngs , and Snave ly, 1 971 ) .  

The Tertiary volcanic and igneous rocks that crop out i n  the centra I part of the Oregon Coast Range 
are further descri bed under individua l stops in the fie ld trip  guide that fo l lows .  
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Figure 1 .  Aerial view looking northward from Sea Lion Coves (bottom right) toward Cope Perpetuo (upper 
left) showing the coastal area that is underlain by upper Eocene volcanic rocks. The first field trip 
stop is at sharp bend in U . S .  1 01 with Iorge roodcut just north of buildings at Sea Lion Coves. 
Stop 2 is along coast on south side of Heceto Head, the headland with scenic l ighthouse in center of 
photograph. Area of low relief on the for side of Heceta Head is under lain by sil tstone of Ol igocene 
age. Photograph courtesy De Ia no Photograph ics, Portland Oregon 
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ROAD LOG (First Day) 

M I LEAGE 

Start first day of fie ld  tri p  at Sands Motor Lodge, Newport, Oregon . Turn south on U .S .  1 0 1 and proceed 
through Newport toward Coos Bay . 

0 Start of m i l eage at  j unction of State H ighway 20 and U .S .  1 01 ;  continue south on U . S .  1 01 . 

1 . 0 Bridge across Yaquina Boy . Outcrops on wave-cut p latform on west side of north abu tment 
are of si l tstone and fine-gra ined sandstone i n  the upper port of the Nye Mudstone of ear ly  
Miocene age . Tab le  Mountain,  visi b le  from bridge at 1 1  o 'c lock on the sky l ine,  i s  capped 
by o 250-foot-th ick  nephe l ine syen i te s i l l .  

2 . 0  The h ighway posses through P leistocene terrace deposits mant led by active and stabi l ized 
to sand dunes that over l ie the Nye Mudstone . The terrace deposits consist ch iefly of aeo l ian  

8 . 0  and beach sands and wood- a n d  p lant-bearing si l t  and c loy o f  fluvia l and estuarine orig in . 
Fossi l wood from these terrace deposits ,  do ted by c 1 4  methods, is more than 38, 000 years 
o ld . The bose of the terrace is 30 to 40 feet above sea l evel near Newport and d ips gent ly 
southward towards Sea l Rocks, where i t  l i es near sea l eve l . 

8 . 4  Beaver Creek .  The contact of the Nye Mudstone and the Yaqu ino Formation i s  exposed 
a long shore l i ne south of the creek mou th . 

· 9 . 5  Sma l l  wave-washed rocks offshore ore composed of Cape Fou lweather Basa l t  of m idd le  
Miocene age . 

1 0 . 2  Sea l  Rock S tate Por k .  

1 0 . 3  V i ew  of si l ls and di kes o f  m idd le  Miocene Cope Fou lweother Basa l t  exposed a long shore
l ine, on smo.l l  i s lands, and in road cuts (to be vis i ted later on tri p) . 

1 4 . 0  Br idge over Alsea Bay . The westward-sloping head land area to the south i s  under la in  by 
upper Eocene volcanic rocks . Tab le  Mounta i n  nephe l i ne syeni te si l l  is visi b l e  on sky l ine 
to east. Fossi l iferous tuffaceous si l tstone and g laucon i tic sandstone of O l igocene age 
(si l tstone of Alsea) are we l l  exposed a long north shore of boy . 

1 5 . 0  Wa ldport .  

1 5 . 2  Fossi l iferous tuffaceous si l tstone w i th interbedded doc i tic tuff beds of Ol igocene age crop 
out on l eft side of h ighway . Massive 1 5-foot-th ick  bed of mudflow brecc ia contain ing 
o ndesit ic and doci tic  c lasts derived from Cascade Range is exposed in upper port of rood 
cut .  

22 . 4  Sma l l  town of Yachats rests o n  a P le istocene terrace c u t  o n  upper Eocene basa l t f lows and 
basa l tic cong lomerate and sandstone . 

23 . 6  Yachats River . Basa l t  f lows cu t  by numerous feeder di kes tha t  are we l l  exposed a long coast 
and in road cuts belong to the upper Eocene vo lcanic sequence (informa l ly referred to as 
the basa l t  of Yachats) . Ta l us breccia , terrace deposits ,  and dune sands loca l ly mant le the 
vo lcanic rocks . 

25 . 3  Cape Perpetua . The rugged head land is composed of 1 0- to 20-foot-th ic k subaeria I base I t  
f lows cu t by feeder d i kes . Irregu lari ties i n  coast l i ne  are due  to di fferentia l erosion a long 
numerous west-trend ing fau l ts ,  joints, and d i kes . 
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Ten M i l e  Creek .  

B i g  Creek .  

Th is area o f  low re l ief  is formed o f  O l igocene s i l tstone tha t  over l i es the upper Eocene vo l
canic sequence .  The si l tstone i s  downfau l ted aga inst  upper Eocene basa l t  flows, breccia , 
and basa lt ic sedimentary rocks that form H eceta Head immediate ly to the south . 

Devi l s  E l bow State Park .  

STOP 1 .  Upper Eocene basa l t  sequence, viewpoint on U .S .  1 01 ,  1/4 mi l e  north of Sea 
Lion Cave . Th is stop provides an  overv iew to the north of the upper Eocene basa l t  sequence 
that crops out from here to beyond Cape Perpetua , the head land about 1 2  m i l es distant 
(P late 1 and F igure 1 ) .  Subaeria l flows and breccia are exposed a long logging roads and 
i n  creek beds i n  the coasta l h i l ls for about 7 to 1 0  m i les i n land, bu t the best exposures are 
on the wave-cut p latform tha t is deve loped a long most of the coast . H igh-frequency 
anomal ies on aeromagnetic maps of the offshore area suggest that the volcanics extend 
some 1 0  m i l es west of the coast . Most of the upper Eocene basa l t  sequence is composed 
of subaeria I f lows 1 0  to 20 feet th ick,  such as those a long the coast at Sea Lion Cave . 
However ,  a t  Heceta Head (the s i te of Stop 2) interbedded submarine breccia , iso lated 
pi l low breccia ,  basa l tic  sandstone, and cong lomerate occur in the upper part of the 
sequence . The area of low re l i ef north of the H eceta Head l igh thouse is under lain by 
O l igocene si l tstone that over l i es the basa l t  sequence . A northwest-trend i ng fau l t  just 
north of Heceta Head offsets the sedimentary-,vo lcanic contact westward beyond the shore
l ine . Erosion a l ong a north-trend ing fau l t  in volcanic rocks at the base of the sea c l i ff 
be low th is viewpoint has resu l ted in development of a large sea cave where sea l ions 
m igra ting a long the coast find she Iter . The basa I t  sequence is abou t 1 ,  500 to 2, 000 feet 
th ick and is under lain by si l tstone of latest Eocene age and in this area is over l ain by 
basa l tic  sandstone, cong lomerate ,  and s i l tstone of latest Eocene and ear l i est O l igocene 
age . Basa l t  from near the top of the flow sequence south of Sea Lion Caves yielded a 
K/ Ar date of 36 m .  y. 

Return northward on U . S .  1 01 ;  start new m i l eage . 

Ta lus s l ides a long rugged coast make h ighway construc tion and maintenance diffic u l t. 

Turn l eft (west) in to Devils E l bow State Park; Wa l k  west, upsection, toward lighthouse . 
STOP 2 .  U pper Eocene basalt sequence, Devils E l bow . A l though most of the upper Eocene 
basa l t  sequence is composed of subaerial flows, the upper part con tains in terbedded sub
marine breccia, pil l ow basa l t, and basa l tic sedimentary rocks in several p laces such as at  
Devi l s  E l bow . Here steeply dippin g, rude l y  bedded basa l tic tuff breccia with irreg ul arly 
shaped p i l lows and broken pi l lows is over l ain by nearshore marine basa l tic sandstone and 
cong lom erate. The basa l tic sandstone is crossbedded and has scour-and- fi l l  channe ls. I t  
i s  composed of gra ins of g lassy or we l l -crysta l l ized basalt, scoriaceous basa l t, and p l agi
oc lase crys ta l s. Sma l l  echinoids, echinoid spin es, and bryozoans are scattered through 
it . The cobb l e  and boulder con g l omerate, which contains some boul ders up to 8 feet in 
diameter, was probab l y  formed near the base of a steep sea c l iff. Severa l dikes cut the 
base I tic sandstone, con g lomerate, and breccia sequence at  this stop. Some bifurcate and 
die out up section, where they appear to i n trude the submarine breccia piles tha t  they feed. 
M any dikes show mul tiple in j ection; in teriors are common ly very vesicu l ar. A 2-foot- thick 
dike that cuts basa l tic sandstone below the lighthouse is of particu lar in terest .  I n  pl aces 
a long its strike, it is inf lated to an el l ipsoida l shape in p l an view that is twice as wide as 
the remainder of the dike. The dike here shows funnel-shaped banding that pro ba b l y  
resul ted from surface fountaining at  about this horizon. 
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Figure 2. View looking north at 
Cape Perpetua, showing west
dipping bosa I t  flows, l 0 to 20 
feet thick, typical of the upper 
Eocene basalt of Yachats . Stop 
3 is at Devils Churn along the 
wave-cut pla tform on left. 

Figure 3. Upper Eocene basalt flows cut by dikes at Devils Churn, Stop 3 .  
The light-colored dike {arrows} that parallels coost on the far side of the 
churn is of latitic to rhyodacitic composition. 
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Continue north on U . S .  1 01 . 

7 . 7 Ten M i l e Creek . 

9 . 0  Bob .Creek .  Th i n  basa l t  flows (6 i nches to 2 feet th ick) and numerous northwest-trend ing 
di kes (6 inches to 1 0  feet th ick) are exposed a long coast north of creek . 

1 1  . 4  V i ew  of Cope Perpetua to north . H ead land i s  composed of west-dipping subaeria l f lows 
1 0  to 20 feet th ick (Figure 2) . 

1 1 . 8 Cape Perpetua Recreation Area Visitors Center . 

1 2 . 1  Turn left (west) into Devi l s  Churn parking lot and wa l k  down trai l  to coast . 

STOP 3 .  Upper Eocene basa l t  sequence ,  Devi l s  Churn . The churn was produced by ero
sion a long a fau l t  in upper Eocene basa l t  flows cut by dikes (Figure 3) . Note that  the 
d i kes on ei ther side of  the fau l t-contro l led churn do not  match . Severa l sma l l ,  irregu lar ly 
jointed flows wi th ao tops ore exposed on the wove-cut p latform; oxidized zones are deve l
oped at the tops and bases of some flows . Some of the northwest-trending d i kes that i ntrude 
the f lows have si l l- l i ke apophyses into the flows; in other areas a long the coast di kes are 
seen to feed flows . Many of the di kes are composite and show systema tic variations in  
texture, phenocryst content,  and chemica l composi tion . The chemica l  composi tion of  the 
volcanic rocks that form the upper Eocene Cape Perpetua - Heceta Head sequence varies 
considerab l y .  Severa l chemica l ana lyses tha t show this variabi l i ty,  inc luding ana lyses of 
f lows and d i kes from near Devi ls Churn , ore shown in Tab le  2 .  Most flows conta in  49 to 
53 percent S i02 and ore of basaltic composi tion , but a few ore basa l tic andesi te ( labra
dorite andesite ,  according to chemica l  c lass ifica tion of R i ttman ,  1 952) or andesite . Di kes 
show an even greater variabi l i ty i n  composi tion . They ore predomin antly basa l tic , but 
severa l ,  particu lar ly near Devi l s  Churn ,  conta in  60 to 68 percent S i02 (Tab le  2 ,  cols . 
5 and 6) and ore of !oti tic and rhyodoci tic chemica l composi tion , according to the chemi
ca l c lassification of  R i ttman ( 1 952) . A l l  f lows and i ntrusive rocks in  this sequence are 
quartz normative and are characterized by re lative ly  h igh contents of a l umina (ref lecting 
abundant plagioc lase phenocrysts) and a l ka l ies . The coeva l vo lcanic rocks at Cascade 
Head genera l ly conta in  less S i02 (see Tab le  1 )  and are nephe l ine normative; coeva l 
camptoni tic volcanic rocks a long the lower S i l etz R iver contain on ly 40 to 45 percent 
S i02 and are strong ly nephe l ine norma tive . 

Depart Devi I s  Churn; proceed north on U . S .  1 01 . 

1 3 . 2  View of wave-cut platform cut on upper Eocene basa l ts w i th th i n  terrace sand cover . 

1 4 . 3  Yachats River . 

1 5 . 2  Turn left (west) a t  Adobe Mote l near north end of Yachats . Wa l k  to coast and then north 
200 yards a long beach . 

STOP 4 .  Uppermost Eocene basa l tic sandstone and cong lomerate sequence, Yachats . The 
upper Eocene basa lt  sequence is over la in at th is  loca l i ty by bou lder cong lomerate (F igure 
4) of latest Eocene age . Severa l hundred feet of fossi l i ferous basa l tic sandstone over l ies 
the cong lomera te . The conglomerate, which conta ins bou lders as much as 1 0  feet across , 
i s  formed on a very irregu lar surface cu t in basa l t  f lows,  breccia , and d i kes . The flows 
common ly have oxid ized zones , and some aerodynamica l ly shaped bombs occur in the 
brecc io , i ndicating they are of subaeria I origi n .  The conglomerate-sandstone unit  has 
been traced to Eckman Creek,  2 m i l es sou theast of Wa ldport, where it  decreases in  
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Figure 4 .  Basa lt-boulder conglomerate overlying eroded upper Eocene 
basal t  flows and dikes north of Yachats o t  Stop 4 .  Most boulders 
and cobbles ore subround or subongular. Hammer (circled) shows 
scale. 

Figure 5. Quarry i n  small nepheline syenite stock on east end of 
B lodgett Peak (Stop 5) . Jointing a long primary flow bonding is 
nearly vertical in  center but dips less steeply on right. Nepheline 
syenite from quarry was used for rood rock and jetty rock. 
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th ickness . I t  has not been found on the north side of A lsea Bay ,  where mar ine si l tstone of 
sim i lar age is exposed . Sim i lar basa l tic cong lomerate and sandstone units over l ie many of 
the late Eocene volcanic sequences in western Oregon and Wash ington . 

Proceed north on U . S .  1 01 • 

1 8 . 6 Turn righ t (east) on B lodgett Road (at Angel Job Corps Center sign} . 

22 . 0  Road on left goes to B lodgett Peak,  which i s  under lain by sma l l  elongate nephe l ine syeni te 
stock; continue east on main road .  

22 . 4  STOP 5 .  Nephel ine syeni te ,  east  B lodgett Peak quarry . Quarry exposure shows part of 
sma l l  porphyritic nephe l ine syeni te stock (Figure 5) that extends westward to B lodgett Pea k .  
Anorthoc lase phenocrysts in  the nephe l i ne syenite have been ori ented by f lowage . Th is 
f low banding genera l ly para l le l s  contact s  w i th sedimentary and volcanic rocks . The nephe
l ine syeni te body was apparently in jected forcib ly and bowed up the sedimentary and vo l
canic rocks into a doma l structure . The outcrop of nephe l ine syeni te may be on ly the sma l l  
surface exposure of a larger body a t  depth . O ther nephe l ine syenite bodies crop out to the 
east in the Tidewater quadrang le ,  where they intrude the Tyee Formation . The nephe l ine 
syeni te is  composed of  anorthoc lase, K-fe ldspar , nephe l ine,  ana lcime arfvedsonite ,  aegir
i ne ,  and opaque m inera l s . Chemica l ana lyses of nephel i ne syenite from Blodgett Peak a nd 
Tab le  Mountain  are shown i n  Tab l e  3 .  The strong ly undersaturated nephe l ine syen i te 
appears to represent a late conti nuation of the period of volcanism tha t  produced the upper 
Eocene basa l ts .  The upper Eocene basa l ts at Cascade Head and camptoni te flows a long the 
lower Si letz River are a lso undersaturated with respect to si l i ca . The upper Eocene basa l ts 
i n  the Cape Perpetua-Heceta Head area , however, are mostly quartz-normative and prob
ab ly represent separate ly derived magma . A close area l assoc iation of nephe l ine syenite 
w i th camptonite and shonkin i te i n  the Tidewater quadrang le  suggests they may be comag
matic . A nephe l ine  syenite d i ke from I ndian Creek in the Mapleton quadrang le has been 
da ted by K/Ar methods as 34 m . y .  o ld,  or early O l igocene . 

Return to U .S .  1 01 by same route . 

26 . 2  Junction U . S .  1 0 1 ;  turn righ t (north ) . 

30 . 9  Bridge over A l sea Bay . O n  north side of bay, tuffaceous s i l tstone and g laucon i tic and 
arkosic sandstone of O l ·igocene age are exposed in banks .  Ash in the si l tstone was appar
ently derived from exp losive volcanism. in the ancestra I Cascade Range . 

35 . 6  Turn l eft (west) to Sea l Rock State Park parking lot .  Proceed down tra i l  a t  south end of 
parking lot to beach . 

STOP 6 .  Cape Fou lwea ther Basa l t  intrusives , Sea l  Rocks . The basa l t  exposed here at  
Sea l Rocks be longs to the younger of  two sequences of  Miocene basa l t  .that crop ou t a long 
the Oregon coast between here and Astoria . A sti I I  younger Miocene flow un i t  occurs i n  
southwestern Wash ington . The si l ls and d ikes of Cape Foulweather Basa l t  at Sea l Rocks 
in trude sandstone of the Yaquina Formation , here of la test O l igocene age . The si l l  at the 
head land is abou t 80 feet th i ck  and is concordant wi th the sandstone it i n trudes . Farther 
north , however , it becomes discordant and in the farthest north exposures is near ly verti
ca l and strong ly discordant .  Wave-washed is lands offshore are probab ly  a lso basa l tic 
intrus ive rocks , The Cape Fou lweather Basa l t  i s  characterized by sparse but dist inctive 
ye l l owish labradori te phenocrysts that distingu ish i t  from the ophyr ic Depoe Boy Basa l t ,  
wh ich i s  s l igh tly older . The Yaqu i no Formation is exposed a long the shore l i ne and i s  a 
de l ta i c  deposi t of sandstone , cong lomerate , si l tstone, and tuff tha t has a lens/ i ke outcrop 
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Tab le  2 .  Chemical  an lyses o f  upper Eocene volcanic rocks from the Cape Perpetua
Hecero Head area . Analyses are reca lcu lated water-free to 1 00 percent .  

1 2 3 4 5 6 

Sio
2 

Al
2

o
3 

FeO+Fe
2

o
3 

MgO 

4 9 . 1  50 . 1  5 4 . 3  57 . 7  6 4 . 0  68 . 6  

18 . 2  1 7 . 2  1 7 . 5  1 7 . 2  16 . 9  1 5 . 8  

1 1 . 2  12 . 0  9 . 6  8 . 5 5 . 5  3 . 2  

4 . 5  4 . 7  2 . 8  2 . 4  1 . 0  0 . 20 

CaO 

Na
2

o 

K2 0 

Tio
2 

P 205 
MnO 

1 0 . 2  9 . 4  7 . 1  5 . 8  3 . 0  2 . 3  

3 . 1  2 . 9  3 . 8  4 . 4  4 . 2  4 . 7  

0 . 3 9  0 . 7 8 1 . 9  2 . 0  2 . 8  2 . 8  

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

0 . 4 5  0 . 3 9 0 . 61 0 . 7 5 0 . 1 3 0 . 4 1 

0 . 1 5 0 . 14 0 . 13 0 . 1 1 0 . 18 0 . 10 

1 .  Breccia , SE!4, S e c . 3 3 ,  T .  16 S . , R .  12 W . , Heceta Head quadrangl e .  ( Stop # 2 )  

2 .  Flow, SE�, Sec . 3 ,  T .  1 5  S . , R .  1 2  W . , Waldport quadrangle (Stop # 2 )  

3 .  Flow, NE�, Sec . 3 ,  T .  15 S . ,  R .  12 W . , Waldpor t  quadrangl e  (Stop # 2 )  

4.  Dike , NW�, S ec . 3 ,  r .  15 S . , R .  1 2  W . , Waldpor t  quadrangle ( S top # 3 )  

5 .  Dike , NW�, Sec . 3 ,  T .  1 5  S . ,  R .  1 2  W . , Waldport quadrangle ( S top # 3 )  

6 .  Dike , NW� , Sec . 3 ,  T .  15 S . ,  R .  1 2  W . , Waldpor t  quadrangle ( Stop # 3 )  

Tab le  3.  Chemicol ana l yses of nephe l ine syenite from B lodgett Peak (Stop 5)  and 
Tab le  Mounta in . Ana lyses reca lcu lated water-free to 1 00 percen t .  

S i02 
Al

2
o

3 
FeO+Fe

2
o

3 
MgO 

CaO 

Na
2

o 

K2
o 

Ti0 2 

P205 
MnO 

Blodgett Peak 

1 2 

58 . 2  5 9 . 0 

1 9 . 0  18 . 9  

7 . 6  7 . 5  

0 . 2 9 0 . 20 

1 . 8  1 . 3  

8 . 8  8 . 2  

3 . 6  4 . 0  

0 . 1 6 0 . 2 5 

0 . 2 5 0 . 4 1 

0 . 2 2 0 . 2 5 

Table Mountain 

3 4 

60 . 5  6 0 . 6  

18 . 9  19 . 0  

5 . 0  5 . 0  

0 . 1 0 0 . 10 

1 . 2  1 . 2  

9 . 2  9 . 1  

4 . 3  4 . 3  

0 . 13 0 . 14 

0 . 1 6 0 . 16 

0 . 2 3 0 . 2 2 

1 .  NW� , Sec . 1 8 ,  T .  14 S . ,  R .  11 W . , Waldport quadrangl e  ( S top US)  
2 .  NW� , S ec . 1 8 ,  T .  1 4  S . , R .  1 1  W . , Waldport quadrangle ( S top US)  
3 .  SE� , Sec . 3 6 ,  T .  1 2  S . ,  R .  10 W . , Tidewat er quadrangle 

4 .  SE� , Sec . 3 6 ,  T. 12 S . , R. 10 W . , Tidewater quadrangle 
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pattern (P late 1 ); it is th ickest northeast of Newport and thinnest here at Sea l Rocks a t  
the south end o f  i ts outcrop area and at  S i letz Bay a t  the northern end . The sandstone dis
p lays crossbedding and scour-and-fi l l  channe l s .  Andesitic and dac i tic c lasts are common 
in cong lomerate interbeds and were probably transported westward across the present s i te 
of the Coast Range by a river tha t had i ts headwaters in the present site of the western 
Cascade Range . The base of the terrace deposi ts here is near sea l eve l  and rises gently 
northward to abou t 30 to 40 feet near Newport .  

Conti nue north o n  U . S .  1 0 1 . 

37. 5  View of fossi l i ferous sandstone and si l ts tone of the Yaquina Formation beh ind o ld m i l l  north 
of Beaver Creek . 

44 . 3  Bridge over Yaquina Bay . The Mar ine Science Center of Oregon State Universi ty i s  loca ted 
on spi t east of bridge . 

Conti nue north on U . S .  1 0 1 through Newpor t .  

47.4  Sandstone o f  the middle Miocene Astoria Forma tion crops ou t be low terrace deposi ts .  

50 . 0  View of Cape Fou lweather , type loca l i ty of the Cape Fou lweather Basa l t .  The sma l l  head
land at Otter Rock,  be low and south of Cape Fou !weather , is formed of sandstone of the 
Astoria Formation . Highway is cut on terrace deposits that over l i e  west-dipping sandstone 
of the Astoria Formation; both are subject to landsl iding . 

52 . 0  Bever ly Beach Sta te Park .  

53 . 0  O tter Rock turnoff . Continue north on U . S .  1 01 .  

54. 3  Sma l l  neck of Cape Fou lweather Basa l t  w i th radiating col umnar joints i s  exposed i n  sma l l  
quarry on east side of h ighway near bend . 

54. 6  Turn l eft (west) o n  road to Otter Crest View Poin t .  

54 . 8  S TOP 7 .  Cape Fou lweather Basa l t, O tter Crest View Point .  Otter Crest and much of the 
coasta l area for 5 m i l es to the north are under la in  by the Cape Fou lweather Basa l t  of middle 
M iocene age . Th is unit  is  the  younger of two m idd le M iocene vo lcanic sequences that  are 
exposed a long the northern part of the Oregon coast .  F low breccia , extrusive breccia , 
and interca lated massive flows consti tute the bu l k  of the Cape Fou lweather Basa l t  at Otter 
Crest ,  whereas farther from the ven t area , wa ter-laid lapi l l i  tuff predominates . Numerous 
d i kes , si l ls ,  and sma l l  p lugs intrude the breccia near Otter Crest, indica ting that this area 
was a loca l center of Miocene vo lcanism . Two ring di kes and severa l radia l di kes are 
exposed at low tide on the wave-cut p la tform just south of O tter Crest (Figure 6) . The 
Cape Fou lweather Basa l t  a lso crops out at Yaquina Head,  about 5 m i l es south of Otter 
Crest, and on the large is land (Otter Rock) immedia te ly  west of Otter Crest . The two 
sma l ler is lands immedia te ly to the south of Otter Crest (Gu l l  Rock and Wha leback) , how
ever , are composed of subaeria l basa l t  f lows of the Depoe Bay Basa l t, wh ich is s l igh tly 
o lder than the Cape Fou lweather Basa l t  bu t a l so of middle Miocene age . Petrochem ica l  
studies of the Cape Fou lweather Basa l t  from i ts type loca l i ty at  Cape Fou lweather and other 
areas a long coasta l northwestern Oregon show that· it has a re lative ly  uniform composi tion · 

(Snavely ,  Mac leod , and Wagner , 1 973) . Two chemica l ana lyses of Cape Fou lwea ther 
Basa l t  are l isted in Tab le  4 (co l s .  4 and 5) . The Cape Fou lweather Basa l t  ca n readi ly  be 
di stingu ished from the s l igh tly older Depoe Bay Basa l t  on the basis of petrochem istry, and 
it can be identified in the fie ld  on the basis of i ts sparse but ubiqui tous labradorite 
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phenocrysts, which do  not occur in the Depoe Bay Basa l t .  The  terrace on  Otter Crest i s  
abou t 500 feet above sea l eve l and is one of the higher of  severa l P l eistocene terraces 
deve loped a long th is  coast l ine . Constructiona l marine terraces, about 50 feet above sea 
l eve l ,  are developed on westward-di pping sandstone and si l tstone of the Astoria Forma tion 
on the two nearby head lands to the sou th . Immediate ly  north of the viewpoi nt, sandstone 
of the Astoria Formation is visib le  at sea l eve l .  On a c l ear day ,  one can see Cascade 
Head 20 mi les to the north , which is  formed of upper Eocene basa l t  flows . 

Return to Newport .  

End  of  first day of  fi eld trip .  

ROAD LOG (Second Day) 

S tart of second day of fie ld trip  at Sands Motor Lodge .  Turn south on U . S .  1 01 .  

0 S tart of m i l eage at junc tion of U . S .  1 01 and S ta te H ighway 20; turn l eft (east) on High
way 20 towards To ledo . 

0 . 2  Newport i s  constructed on a brood P l eistocene terrace that is modified by ancient sand 
dunes . 

0 . 4 Ear ly Pleistocene terrace, 200 feet above sea leve l , is cu t i n  lower M iocene Nye Mudstone . 

0 .6  Outcrop of Nye  Mudstone . The s i l tstone and interbedded very fine grained sandstone of 
the Nye .is susceptib l e  to lands l iding, and periodic extensive reconstruction of the high
way has been necessary in  the past . 

1 .  9 View to south of the Yaqui no estuary . Large lands l ide in the Nye Mudstone occupies 
much of the area between the h ighway and bay .  

2 . 5  Gradationa l contact of the Nye Mudstone and the late O l igocene Yaquina Forma tion . 
The sandstone, cong lomerate, and s i l tstone of the Yaqu ina Formation ore interpreted as 
a de l ta ic  deposit  whose th ickest part l ies 5 to 1 0  m i l es north of the highway . 

4 .  1 Good exposure of Yaqu ina sandstone on the north side of rood . 

4 . 6  Contact between Yaquina Formation and tuffaceous si l tstone un i t  of O l igocene age wh ich 
is informa l ly referred to as the si I tstone of Alsea . 

5 . 8  Junction H ighway 229 . Turn l eft (north ) toward S i l etz; road runs genera l ly a long str ike 
in the basa l part of the s i l tstone of A l sea . 

6 . 8  Upper part of the tuffaceous si l tstone of A l sea and basa l port of the Yaqu ina Forma tion 
are exposed on dirt rood west of h ighway . 

9 . 6  Poor ly exposed si l tstone of Al sea (O l igocene) . Beyond th is poi nt the rood conti nues down 
section through si l tstone of the Nestucca Formation of latest Eocene age and s i l tstone and 
g laucon i tic 5andstone of the Yamhi l l  Formation of late midd l e  and ear ly  late Eocene age . 

1 1 . 0 Poor exposures of the Yamh i l l  Forma tion . 
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Figure 6. View looking south from Otter Crest (Stop 7), showing ring and radial dikes of Cape Foul
weather Basa lt  that intrude sandstone of the Astoria Forma tion. Yaquina Head on the skyline is formed 
of basa l t  flows, brecc ia, and d i kes of Cope Fou lweather Basa l t .  Gu l l  Rock and Whaleback, the two 
smal l  wave-washed islands in upper center of photograph west of the broad beach at Bever ly Beach 
State Park, ore formed of basa I t  flows of the Depoe Bay Basa I t .  
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Tab le  4 .  Che mical  ana lyses of Miocene Depoe Bay a nd Cape Fou lweather Basa l ts ,  
Cape Fou lweather quadrangle . Ana lyses reca lcu la ted wa ter-free to 1 00 
percent . 

Depoe Bay Cape Foulweather 
Basalt Basalt 
1 2 3 4 

Si02 55 . 6  55 . 7  51 . 7  52 . 0  

Al2o
3 

13 . 8  14 . 1  13 . 7  13 . 4  

Fe0+Fe2o3 12 . 7  11 . 6  14 . 3  14 . 5  

MgO 3 . 5  4 . 1  3 . 9  4 . 0  

CaO 7 . 1  7 . 5  8 . 3  7 . 9  

Na2o 3 . 5  3 . 3  3 . 3  3 . 1  

K
20 1 . 1  1 . 4  0 . 77 1 . 1  

Ti02 2 . 1  1 . 8  3 . 1  3 . 0  

P20 5 0 . 40 0 . 28 0 . 67 0 . 65 

MnO 0 . 27 0 . 19 0 . 22 0 . 23 

1 .  Pillow, Stop #14 , SW�, Sec. 5 ,  T .  9 S . , R .  11 W. ( Snavely , MacLeod , 
and Wagner ,  197 3 ,  Table 4) . 

2 .  Dike , S top #14 , NW�, Sec . 9 ,  T .  9 S . , R .  11 W. , ( Snavely , MacLeod,  
and Wagner ,  197 3 ,  Table 4) . 

3 .  Breccia , Stop #14 , SW�, Sec . 5 ,  T .  9 S . ,  R. 11 W . , ( Snavely , MacLeod , 
and Wagner , 197 3 ,  Table 6) . 

4 .  Neck, Stop #14 , SE�, Sec . 29 , T .  9 s . , R .  11 W . , ( Snavely, MacLeod , 
and Wagner ,  197 3 , Table 6) . 

Tab le  5 .  Chemical ana lyses of basa l ti c  rocks from the upper part of the S i letz River 
Volcanics, Euchre Mounta in quadrang le  (from Snavely, Mac leod, and 
Wagner , 1 968 , Tab l e  7) .  Ana lyses reca lculated water-free to 1 00 percent .  

S i02 
Al2o3 
Fe0+Fe2o3 
MgO 

CaO 

Na
2

o 

K
20 

Ti02 
P205 
MnO 

1 2 

51 . 3  47 . 1  

17 . 5  2 2 . 1  

10 . 2  7 .  7 

3 . 8  5 . 1  

5 . 5  14 . 0  

6 . 2  2 . 1  

1 .  9 0 . 34 

2 . 5  1 . 3  

0 .  77 0 . 15 

0 . 21 0 . 12 

3 4 

46 . 3  43 . 4  

12 . 0  7 . 1  

10. 7 11 . 3  

17 . 4  30. 1  

11 . 2  5 . 8  

0 . 87 0 . 81 

0 . 16 0 . 13 

1 . 1  0 . 88 

0 . 13 0 . 15 

0 . 19 0 . 16 

1 .  Alkalic basalt , SW� , Sec .  8 ,  T .  8 S . , R .  10 W . , ( S top #11) . 

2 . Feldsparphyric basalt , SW� , Sec . 27 ,  T .  7 S . , R .  10 W. 

3.  Ankaramit ic basal t ,  SE�, Sec . 34 , T .  8 S . , R. 9 W .  

4 .  Picrit ic basalt , NW� , Sec . 2 2 ,  T .  8 S . ,  R .  9 W.  
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Contact of the Yamhi l l  Formation and graded sandstone and si l tstone beds (turbidi tes) of 
the Tyee Formation of m iddle Eocene age . 

S i l etz R iver bridge .  The contact between the Tyee and Yamhi l l  Forma tions is wel l exposed 
a long the river abou t 200 yards west of the bridge . 

Turn right (east) a t  S i letz on upper S i letz road .  
Start new mi l eage . 

Gravel pits in low river terrace . 

Exce l lent exposure of Tyee Formation composed of 1 - to 3-foot- th ick graded sandstone and 
si l tstone beds (turbid i tes) . 

On right, note o ld  covered bridge over Si letz River on Sams Creek Road .  

R idge on  skyl ine to north is under lain by the S i letz River Vo lcanics and  a granophyric 
gabbro s i l l  of mid-O l igocene age . 

Br idge over Si l etz R iver at Logsden . Turn left (north) on Upper Farm Road on east side of 
the bridge .  

Exposure of th ick-bedded Tyee sandstone .  

Road junction on left -- continue straight ahead on dirt road tha t passes beside o l d  logging 
com pany bu i ld ings . 

Approximate contact between Tyee Forma tion and Si letz R iver Volcanics which is we l l  
exposed in river bed . About 1 00 feet of i ndurated s i l tstone occurs above the h ighest tuff 
and lapi l l i  tuff in the S i letz River Volcanics and be low the lowest turb idite in the Tyee 
a long the river . 

1 2 .6  Turn l eft (north) across bridge over S i l etz R iver, then  turn left (west) and proceed para l l e l  
to river (downstream ) .  

1 3 . 1  STOP 8 .  S i letz River Volcanics, gorge of the S i letz River . C lose-packed porphyr itic 
augi te basa l t  p i l l ows and interbedded aug i te crysta l tuff are exposed in  road cu ts and in 
river bed . These vo lcanic roc ks are in the uppermost part of the Si l etz R iver Vo lcanics, 
abou t 200 feet be low the upper contact, and are over lain by graded deep-water marine 
sandstone and si I tstone of the Tyee Formation . I n terbedded si I ts tone and sandstone in the 
S i l etz R iver Volcanics near th is l oca l i ty conta in  a foram inifera l and mol luscan fauna of 
ear ly midd le  Eocene age . Farther up the river, in the Va lsetz quadrang le ,  basa lt ic sand
stone and si l tstone interbedded lower in the vo lconic sequence contain foram inifera l and 
mo l l uscan assemblages of ear ly Eocene age . 

The upper part of the Si l etz R iver Vo lcanics consists of tuff, lapi l l i tuff, tuff breccia , 
p i l low f lows, and basa l tic si l tstone, sandstone ,  and cong lomerate . A few massive or 
co lumnar- jointed flows separated by oxidized scoria zones that crop out near Ba I I  Moun
ta in  are of subaer ia l origin and i ndicate that the vo lcanic rocks accumulated in suffic ient  
th ickness to form an is land . The la te-stage volcan ism represented by the rocks of the upper 
part of the sequence was probably more explosive than tha t of the lower pert ,  which con
sists predom inantly of tho le i i tic p i l low basa l t .  Roc k types in th is upper uni t a lso vary 
w ide ly in composi tion in contrast to the lower tho le i i tic part, which is re lative ly  uniform ; 
chem ica l ana lyses of typica l rocks from the upper part of the Si l etz River Vo lcanics are 
shown in  Tab le  5 .  
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The  upper part conta i ns a variety of rock types inc luding a l ka lic basa l t, fe ldspar-phyric 
basa l t, ankarami te, picri te ,  and tholei i ti c  o l ivine basa l t .  Phenocrysts of augi te ,  such 
as at th is loca l i ty ,  as wel l as o l ivine and ca lc ic  plagioc lase are abundant in rocks of . the  
upper part and suggest that the magma was differentiated in  sha l low reservoirs prior to 
eruption . Return east on road to bridge over Si letz River . 

1 3 . 5  R eturn across bridge over S i l etz River; turn l eft (east) upstream o n  sou th side of river . 

1 4 . 4  STOP 9 .  Granophric gabbro, gorge o f  the S i l etz River . A large granophric gabbro di ke 
extends from Green Mounta in  in the Vo lsetz quadrang l e  east of the S i l etz gorge to Lambert 
Peak  farther west (P late 1 ) . Near the S i letz gorge the granophyric gabbro di ke ro l ls over 
w ith in a few hundredsof feet to form a south-dipping inc l i ned sheet that is discordant to 
the S i letz River Volcanics but genera l ly concordant w i th the over lying Tyee Formation . 
A "ro l l-over" in the inc l i ned granophyric gabbro sheet occurs a t  th is stop . This si l l  may 
have extended northward 8 mi l es to Stott Mounta in ,  wh ich is capped by a 500-foot-th ick 
si l l .  Other si l ls or i nc l i ned sheets cap many of the higher peaks, r idges, and upland sur
faces in the Coast Range between la titudes 43°45 ' and 45°N , inc lud ing Fenno R idge, 
Prair ie Peak, Marys Peak, and Roman Nose Mounta i n .  They ore typica l ly 300 to 500 feet 
th ick, a lthough the si l l  at  Marys Peak (Ba ldwin,  1 956) is about 1 , 000 feet thick .  Three 
K/ Ar dates of minera ls separated from gabbro and pegmati te indicate an abso lute age of 
about 30 m . y .  (m id-Ol igocene) . The granophyric gabbro is composed of p lagioc lase ,  
ferroougi te ,  intergrown quartz and a l ka l i fe ldspar, apati te ,  opaque m i nera ls ,  and iron
rich c loy m inera l s .  Fayo l i tic ol ivine is a consti tuent of most  granophyric gabbro but is 
absent in a few . Most of the si l ls and inc l ined sheets are differentiated, and bodies of 
pegmoti tic gabbro , ferrogronophyre, and granophyre are common ly developed with i n  them . 
These more si l ic ic rocks conta i n  the sam e  mi nera l s  as does the gabbro but in different pro
portions, and the mafic min era Is are more Fe-rich and the fe ldspars more No- and K-rich . 
Typica l ana lyses of rocks from th e  granophyric gabbro si l l  in the area between the gorge 
the Euchre Mounta in  are l i s ted in Tab le  6 .  

A t  this stop, the upper contact of a n  inc l ined sheet is exposed i n  the sma l l  quarry where 
the gabbro intrudes tuff and tuff breccia and pi l low lavas of the Si l etz River Vo lcanics . 
Granophyric gabbro and ferrogranophyre i n  the upper part of the body are w e l l  exposed 
a long the steep wa l ls of the river . The fa int  layer ing shown by the granophyric gabbro 
and ferrogranophyre has been noted in the upper ports of severa l of the s i l ls .  The lower 
two-thirds of most si l l s and inc l i ned sheets shows no visib l e  layering, but petrographic 
and chemical studies show that they hove a systema tic upward variation in  moda l propor
tions , m inera l composi tions, and rock compos i tions (Macleod, 1 970) . Continue upstream 
a long the S i l etz River rood . 

1 5 . 4  Top o f  gronophyric gabbro si l l  i s  exposed in  west bank  and bottom of river . 

1 5 .5  Baked basa l tic tuff of the S i letz R iver Vo lcanics over l i es gabbro si l l ; a smal l north-trending 
fau l t  offsets the upper contact a long the river . Proceed northward through the granophyric 
gabbro si I I .  Note near ly vertica I joints in  the si I I above the west bank of the river . 

1 6 . 4 Base of inc l ined sheet is exposed near river l eve l . The basa l tic tuffs below the sheet are 
baked as much as 20 to 30 feet away from contac t .  

1 6 . 6  Bridge over Si l etz River near Camp Gorge . 

1 7 .6  Quarry exposure of tho le i i tic basa l t  si l l  of the Si letz R iver Vo lcanics . Such si l l s are com
mon in bedded tuffs and basa l tic sandstone in the upper part of the vo lcan ic sequence . 
These tho le i i tic basa l t  si l ls are genera l ly more potassium-rich than tho lei i tic basa l t  from 
the lower part of the Si letz River Vo lcanics . 
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Tab le  6 .  Chemical  analyses of rocks from differentiated granophyric 
gabbro s i l l s ,  Euchre Mounta in  quadrang l e .  Ana lyses reca 1 -
cu la ted water-free to 1 00 percent . 

1 2 3 4 

Si02 54 . 7  58 . 0  62 . 3  73 . 4  
A12o3 13 . 3  12 . 9  13 . 0  13 . 1  

FeO+Fe2o3 17 . 0  14 . 1  11 . 8  1 . 7  

MgO L2 1 . 2  0 . 65 0 . 12 

CaO 5 . 8  6 . 1  4 . 8  0 . 72 
Na2o 3 . 0  3 . 2  3 . 2  4 . 3  

K20 1 . 5  1 . 7  2 . 5  4 . 4  
Ti02 2 . 5  2 . 0  1 . 1  0 . 26 

P205 0 . 77 0 . 60 0 . 30 0 . 05 
MnO 0 . 33 0 . 29 0 . 23 0 . 06 

1 .  Cen. s�. Sec . 1 ,  T .  9 s . , R .  1 0  w.  
2 .  sw�. Sec . 1 6 ,  T .  9 s . , R .  9 w. , (Stop �9) . 

3 .  sw�, Sec. 26,  T .  8 s . , R .  1 0  w.  
4 .  NW�, Sec .  1 6 ,  T .  9 s . , R .  9 w. 

Tab le  7.  Chemica l ana lyses of camptonic intrusive and extrusive rocks 
in the Euchre Mountain quadrang le . Ana lyses reca lcula ted 
water-free to 1 00 percent .  

1 2 3 4 

Si02 40 . 1  42 . 3  39 . 8  40 . 9  

Al2o3 11 . 8  13 . 7  12 . 0  13 . 3  

Fe0+Fe2o
3 

17 . 4  16 . 3  17 . 2  16 . 7  

MgO 7 . 6  5 . 7  7 . 7  7 . 1  

CaO 10 . 8  11 . 4  10 . 7  9 . 9  

Na2o 3 . 7  3 . 4  4 . 2  1 . 5  

K
20 1 . 8  1 . 6  1 . 4  3 . 9  

Ti02 4 . 8  3 . 2  4 . 8  4 . 9  

P20
5 

1 . 6  2 . 1  1 . 6  1 . 5  

MnO 0 . 2 6 0 . 3  0 . 27 0 . 21 

1.  D ik'e , Stop ltl O ,  NE� , Sec . 2 0 ,  T .  8 s . ' R .  1 1  w .  

2 .  Sill , sw� . Sec . 17 , T .  7 s . ' R .  9 w .  

3 .  Flow , NE!.z;, Sec . 13 , T .  8 s . ' R .  11 w .  

4 .  Flow , NE!.z;, Sec . 13 , T .  8 s . ,  R .  11 w .  



1 7. 8  

1 8 . 4  

1 9 . 0  

1 9 . 4  

23. 1 

26 . 7  

34 . 5  -0-

0.8  

3 . 3  

3 . 8  

4 . 5  

5 . 9  

6 . 4  

8 . 3  

8 . 5  

9 . 1 

9 . 8-9 . 9  

1 3 . 1  

1 4 . 2  

1 4 . 8  

1 6 . 5  
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Turn around and return down river to town of S i l etz . 

Vif!NI to east of 5D-foot-th ick tho lei i tic basa l t  si l l  i n  bedded marine basa l tic tuff and sand
stone of the S i .letz River Vo lcanics . Basa l  contact of granophyric gabbro si l l  is exposed 
h igh on ridge to southeast.  

S i l etz R iver bridge near Camp Gorge . 

Goad view of granophyric gabbro si I I  on west side of r iver . 

Road junction; continue south . 

Road junction; turn right  across bridge at Logsden and conti nue toward town of S i l e tz .  

Town of Si l etz . Turn righ t (north) toward Kernvi l l e .  
S tart new m i l eage . 

Bridge  over S i l etz R iver . Road fo l lows near the upper contact of the Tyee Formation, 
wh ich is  we l l  exposed a long the river . 

Bridge  over Si letz R iver . 

Logged conica l-shaped h i l l  on horizon to north (Euchre Mounta i n) is copped by o differ
entiated granophyric gabbro si I I .  

Bridge over Euchre Cree k .  

Exce l lent exposure of turbidites of the Tyee Formation . 

Lunch stop at county park.  Continue west . 

Contact of Tyee a nd Yamhi l l  Formations is exposed i n  river banks. 

Cedar Creek; head of tidewater on the S i letz River . 

Contact of Yamhi I I  and Nestucca Formations is exposed i n  river . 

S i l tstone of the Nestucca Formation cut by c lastic sandstone di kes and si l l- l i ke bod ies . 

Mar ine basa l tic breccia interbed in the Nestucca Formation .  

Exposure o f  Nestucca s i  I ts ton e .  

U nconformab le  contact between Nestucca and Tyee Forma tions . 

STOP 1 0 . Biotite campton i te d ike ,  Si letz River road .  Camptoni te di kes, si l ls ,  and 
i ncl ined sheets crop out in a large area in the northeastern part of the Euchre Mounta in  
quadrang le (Snave ly and Vokes, 1 949; Snave ly 1 Mac leod ,  and Wagner, 1 972o) and extend 
east and northeast into the Va lsetz and Grande Ronde quadrang les (Macleod , 1 970) . 
Camptonitic rocks are particu lar l y  we l l  exposed i n  the vicin ity of Cougar Mountain (see 
P late 1 ) .  These a l ka l i ne mafic intrusive rocks range from aphyric rocks rich in augite , 
aegerine-augi te , or titani ferous aug i te to rocks that conta in abundant large equant crysta ls 
of barkevi ki tic hornb lende or ti taniferous biotite set in a matrix con-tai ning aug i te ,  aegerine
augite, barkeviki tic hornb lende, a l ka l i-fe ldspar , sadie p lagioc lase, ana lcime ,  fe ldspathoids, 
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apatite, and opaque m i nera l s .  Some of the si l l s  and di kes are d ifferentia ted and conta in  
sma l l  pegnati tic camptoni te bodi es and phono l i te vein l ets . A sequence of  camptoniti c  
breccia , lapi l l i tuff, and pi l lows wi l l  be seen later a long th e  lower S i l etz River at  S top 
1 2 .  The bioti te campton i te d i ke at  Stop 1 0  and severa l other camptoni te di kes tha t have 
been mapped immed iate ly to the west were apparent ly feeder di kes to the extrusive sequence 
at Stop 1 2 . Chem ica l ana lyses of typica l samp les of camptonite are shown in Tab le  7. The 
campton i te intrusive rocks and the correlative extrusive rocks are strongly undersatura ted 
w i th  respect to si l ica (nephe l i ne normative) and are characterized by h igh contents of Fe,  
Ti , Na, K ,  and P .  Bioti te- and hornb lende-bearing camptonites were probably more 
water-rich than otherwise chemica l ly simi lar aphyric aug i te camptonite . The camptonite 
i s  approximate ly equiva lent in age to the uppermost Eocene basa l t  flows that form Cascade 
H ead, 30 m i l es north of Newport .  Al though the camptoni te and some of the Cascade Head 
basa l ts have many chemica l  simi lari ties, the former contains considerab ly lower si l i ca and 
more a l ka l i es .  

Continue a long S i letz R iver road . 

1 7 . 2  S teep c l i ffs a l ong north side of river are he ld  u p  by the S i l etz R iver Vo lcanics . Breccia ,  
tuff, and pi l low basa l t  are wel l exposed a long new road and are over la in by the Tyee For
mation a t  top of h i l l .  

1 8 . 2  Fau l t  contact of Tyee Formation and S i letz R iver Volcanics . 

1 9 . 1  Outcrop of th ick-bedded zeo l i tic lapi l l i tuff and tuff breccia of the S i letz R iver Volcanics . 

20.6  STOP 1 1 .  S i le tz River Vo lcanics, Kauffman quarr (priva te propert ) • Fi l led feeder-tube 
composed of columnar- jointed a l ka ic basa l t  is exposed at base of quarry . The fi l l ed tube 
is surrounded on the sides and top by a carapace of e longa te basa l t  pi l lows (Figure 7) 
(Snavely,  Mac leod, and Wagner , 1 968) . The pi l lows and fi l led feeder-tube rest on fine
grained basa l tic sandstone . A l tered a l ka l ic basa l t  (Tab le 5, co l .  1 ) ,  such as that exposed 
i n  the quarry, is common in the upper part of the Si letz River Volcanics. A sma l l ,  fi l l ed 
feeder-tube on the east side of the quarry (former ly we l l  exposed but now partly removed 
by quarrying) contains aphyric a l kaJ ic basa l t  at the base that grades upward in to porphy
r i tic augite basa l t  i n  the center . I t  formed by lava erupted from a sha l low magma chamber 
i n  which crysta ls had sett led to the base during differentiation . Feeder- tubes such as these 
exposed at Kauffman quarry are common in the upper part of the Si l etz R iver Vo lcanics .  
Lava flowed through these tubes below a self-formed protective cover of pi I I  ow lava . 

Continue west a long Si l etz River . 

20 . 8  Contact of the Si l etz River Volcanics and Tyee Formation . 

2 1 . 3  Large h i l l  to the south i s  Cannery Mountain,  which is under la in by campton i tic lapi l l i  
tuff, breccia, and pi l low lava . 

2 1 . 9  Base of camptonitic extrusive sequence . 

22 . 3  STOP 1 2 . Camptoni tic extrusive sequence,  lower S i l etz R iver . Camptoni tic lapi l l i tuff 
and brecc ia that are cut by sma l l  camptoni tic di kes and s i l ls are exposed in sma l l  quarry 
beside h ighway and a long river bank .  Most of the fragmenta l materia l was origina l ly 
camptoni tic g lass c louded with micro l i tes , but the g lass is now largely a l tered . Bioti te 
and hornblende phenocrysts and m icrophenocrysts are sparsely distribu ted through the tuff 
and breccia . Chemica l ana l yses of two samp les of extrusive camptonite are l i sted in Tab le  
7 ,  cols . 3 and 4.  Th in and often di storted si l tstone interbeds in  camptoni ti c  tuff breccia 



F igure 7 .  F i l led feeder-tube in the S i l etz R iver Vo lcanics a t  Kauffman quarry (S top ll) .  Columnar- jointed a l ka l ic 
basa l t  i n  the center of the tube is surrounded by a carapace of pi l low basa l t .  Line drawing from photographs . 
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conta in  latest Eocene foram inifera l faunas . The camptoni tic extrusive sequence is approxi
mate ly  equiva lent in age to the basa l t  flows of latest Eocene age tha t  form Cascade Head 
and Cape Perpetua . The i n terna l structure of the camptonitic extrusive sequence i s  com
p lex; mapping a l ong the poor ly exposed northern part of the sequence (see Snavely, 
Macleod , and Wagner, 1 972a) suggests that the breccia and tuff were extruded a long a 
w est-trending fau l t  whose scarp restricted the northern extent of the flows . 

Continue wes t .  

23. 2 Top of camptonitic breccia and tuff sequence; sma l l  Miocene basa l t  d ikes in trude the 
breccia in large road cut.  

23 . 9  Large cut on righ t exposes tuff bed i n  O l igocene si l tstone of Alsea . 

24. 1  G lauconitic sandstone in terbed in  si l tstone of A l sea . 

24. 2  Junc tion U . S .  1 01 .  Turn l eft (south) across o ld bridge over S i l etz R iver . 
-0- Start new m i l eage . 

1 . 0 Outcrop of fossi l i ferous g laucon i tic fine-grai ned sandstone and si l tstone of the Yaquina 
Formation capped by P leistocene terrace deposi ts . 

1 .5 H ighway is constructed across P l eistocene marine terrace deposi ts that in places are 
to over la i n  by ancient dunes . 

4 . 5  

5 . 1  Fogarty Creek State Park .  Sandstone of th e  Astoria Formation and peperi te di kes of Depoe 
Bay Basa l t  are we l l  exposed a long the coast. 

5 . 4  Peperite di kes of Depoe Ba y  Basa l t  cutting Astoria Formation exposed on l eft side of road . 

6 . 2  Turn west to Government Poin t  Sta te Park . 

6 . 3  STOP 1 3 .  Cape Fou lweather Basa l t, Government Poin t  S tate Park . The Cape Fou lweather 
Basa l t  extends a long the coast from Cape Fou lweather to Government Poin t .  At Cape 
Fou lweather most of the extrusive tuff breccia is  probab ly of subaeria l orig in . The water
la id,  we l l-bedded lapi l l i  tuff at Government Point  (Figure 8) apparently formed part of a 
fring ing marine apron around the main  vent a t  Cape Fou lweather (Snavely, Macleod, and 
Wagner, 1 973) . Grading in  many individua l beds suggests tha t  they were deposited by 
densi ty currents; more massive units probably represent breccia transported by submarine 
landsl ides . Government Poin t  is  capped by sand and grave l  of one of the lower marine 
P leistocene terraces, but severa l nic kpoints on the sea c l i ff indica te sti l l  lower sea l evel 
stands . On the north side of Boi l er Bay just north of Government Point, peperite and 
basa l t  d i kes of the Depoe Bay Basa l t  intrude sandstone and si l tstone of the Astoria Forma
tion . Cascade Head, the promi nent head land 1 5  m i l es to the north , is under la i n  by upper 
Eocene subaeria l basa l t  flows . Cape Lookou t,  visib le  on c lear days abou t 35 m i les north , 
is composed of a beautifu l ly exposed sequence of pi l low basa l ts and subaeria l flows of the 
Depoe Bay Basa I t .  

Continue south, o n  U . S .  1 0 1  . 

7 . 5  STOP 1 4 .  Depoe Bay Basa l t, Depoe Bay .  I so la ted-pi l low breccia of the Depoe Bay 
Basa l t  (F igure 9) forms the east margin of the outer bay on wh ich U . S .  1 01 is construc ted . 
Exce l lent exposures of th is  unit  can be seen directly below the rock wa l l  bordering the 
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Figure 8 .  Bedded lopilli tuff and breccia of the Cope Foulweother 
Basalt at Government Point (Stop 1 3) .  Tuff and breccia ore formed 
of glossy or fine-grained basa lt,  and beds ore graded and cross
bedded . 

Figure 9 .  Isolated-pi l low breccia of the Depoe Boy Basa l t  a t  Depoe 
Boy (Stop 1 4) .  Note the discontinuous chi  l i ed zone developed 
inward from outer chil led margin of the p i l low in foreground and 
the sandstone-filled tension crocks and sandstone-fi l led core of 
the originally hol low pillow in center (under hammer). 

73 
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west side of the highway . The Depoe Bay Basa l t  l i es unconformab ly  on the Astoria Forma
tion, which is exposed in the inner bay, and is over la i n  by sandstone ond si l tstone of middle 
Mi6cene age that crop out a long the south and north ends of the outer bay (Snavely, · 

Macleod , Wagner, 1 973) . The Cape Fou lweather Basa lt,  wh ich forms the projecting head
lands on the outer Bay,  unconformab ly overl i es these sedimentary rocks . The breccia matrix 
of the isolated-pi l low breccia of Depoe Bay Basa l t  is composed of g lassy or very fine grained 
basa l t  that is po lagoni tized on weathered surfaces. Some breccia fragments are broken pi l
low rims . The pi l lows have ropy rims, and some have mu l tip le chi l l ed margins and dra ined
out cores . F ine ly comm inuted basa l tic g lass or ca lcare.ous· sand and si l t  fi l l  some of the 
drained pi l lows . C lusters of snakel i ke pi l lows and very e longate pi l l ows are exposed in  
severa l p laces with in  the isolated-pi l low breccia and appear to have resu l ted from more 
rapid extrusion of lava into the marine environment.  Sma I I  quarries l/2 m i l e  south of 
Depoe Bay revea l a thick, rudely jointed subaeria l  flow of Depoe Bay Basa l t .  Immediately 
north and south of these quarries, the lava apparent ly flowed into the Miocene sea and 
formed isolated-pi l low breccia . Numerous d ikes , s i l l s ,  and irregu lar bodies of Depoe Bay 
Basa l t  intrude sandstone and si l tstone of the m idd le Miocene Astoria Formation immediately 
east of Depoe Bay and were feeders to the extrusive basa l t  at Depoe Bay . The i ntrusive 
rocks inc lude brickbat-jointed or brecciated basa l t; the breccia resu l ted from i ntrusion of 
magma i nto water-saturated sedimen ts .  The Depoe Bay Basa l t  is re lative ly uniform in 
composition; typica l ana lyses ore l isted in  Tab le  4 (co l s .  1 and 2) . The basa lt  is charac
terized by a h igh content of S i02 and a l ka l i es and is quartz-norma tive (Snave ly,  Mac leod , 
Wagner, 1 973) . 

Continue south on U . S .  1 01 .  

9 . 4  V iew of Who le  Cove on right (north) . Outer jaws of cove are formed by Cope Fou lweather 
Basa l t; midd le Miocene sandstone crops out in the c l iffs that border the cove . 

9 .6  Rocky Point S tate Pork .  Th in  flows and flow breccia of  Cope Fou lweather Basa l t  a re  cut 
by di kes and si l ls .  

1 0 . 2  View of massive and rudely jointed tuff breccia of Cape Fou lweather Basa l t  o n  l eft (east) 
side of road . 

1 0 . 5  H ighway posses through weathered breccia and tuff of the Cape Fou lweather Basa l t  cut by 
to numerous irregu lor intrusive bodies .  

1 1 . 5 

1 1 . 5 P leistocene terrace deposi ts, about 550 feet above sea level , over l i e  Cape Fou lweather 
Basa l t .  

1 2 . 0  Volcanic neck with radiating co lum nar joi nts . 

Continue south 9 m i l es to starting point in Newpor t .  
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C ENOZO IC S TRAT I GRAPHY OF N OR THWESTERN OR EG O N  
AN D ADJAC E N T  SOUTHWESTERN WAS H I NG TON 

I n t ro d u c t i o n  

77 

The Coast Range of northwestern Oregon and southwestern Washi ngton conta ins an except iona l 
sequence of Tertiary vol can ic  and marine sedimentary rocks as we l l  as Q uaternary coasta l deposits . This  
techn ical paper summarizes ma in ly  publ ished and same new information on the strat igraphy of northwestern 
Oregon and adjacent southwestern Wash ington . A fie l d-trip rood l og of th is area fo l l ows the paper . The 
format ional units exposed in  th i s  area are correl at ive to Tertiary units near Newport in the centra l Oregon 
Coast Range (see accompany i ng strat igraph ic  charts) . An exce l l ent summary of the geolog i c  h istory of 
western Oregon and Wash ingto n  has been publ ished by Snave ly  and Wagner ( 1 963 , 1 964) . Recent l i tera
ture and maps dea l i ng with the geo logy of the area have been pub l i shed by We l l s  and Peck ( 1 96 1 ) , 
L iv i ngston ( 1 966) ,  Ba l dw in  ( 1 964) , Van Atta ( 1 97 1 b) ,  Dodds ( 1 969) , Sch l i cker and others ( 1 972) ,  and 
Snave l y , Mac leod , a nd Wagner ( 1 973) . 

A c k n o w l e d g m e n t s  

T he authors express the ir  thanks to Parke Snave ly  and Norm Macleod , U , S . Geo log ical  Survey , for 
i nformation on vo l can ic  and intrus ive rocks of the Coast Range in a pre-pub l i cation of the i r  1 973 paper 
and to C .  Kent Chamberl a i n ,  Oh io Un ivers i ty , for identifi cat ion and i nterpretat ion of trace fossi l s .  Dona l d  
Parker , Oregon State Un iversi ty , obta ined rad iometri c age dates o f  se l ected d ikes and s i l l s  from the coasta l 
area . Frank Cressy , Oregon S tate Un ivers i ty ,  provided the geo log ic  map of the Angora Peak-N eahkahn ie 
Mounta i n  area and deta i l ed geo log ic i nforma tion of the area from h i s  thesis research . 

S t r a t i g r a p h y :  P a r t  I 

Tne fo l l ow ing descript ions of the Cow l i tz ,  K easey , P i ttsburg B l uff, and Scappoose Formations are 
taken from Beau I ie u  ( 1 97 1 ) " Geologic formations of western Oregon " w i th some mod ifi cat ion by Van Atta . 

Cow l i tz Forma t ion 

I n  northwestern Oregon the  Cow l i tz  Formation cons i st s  of as m uch  as 1 ,  000 feet  of cong lomerate , 
arkose , and s i l tstone i nte rbedded i n  the upper part w ith basa l t i c  fl ows and brecc ias of the Gobl e Vo l can_ics 
member . The cong lomerates are loca l , genera l l y  re l ated to p i l l ow basa l ts and brecc ia s ,  a nd range i n  
t h i ckness from a few feet  to a s  much a s  200 fee t , They are common l y  foss i l i fe rous . The a rkose i s  genera l l y  
unfoss i l i ferous ,  except for p l an t  debr i s . The Cow l i tz Format ion i s  be l i eved to rest u nconformab ly  o n  l ate 
Eocene l a vas  and brecc ia s ,  wh i ch  are named the T i l l amook Vo l can i c  Se r ies by Warre n  a nd others ( 1 945 ) ,  
a nd i s  overl a i n  b y  the Keesey Format ion . T he Cow l i tz Format ion i s  l ate Eocene i n  age and i s  corre l at i ve 
w i t h  the Te jon Format ion of Ca l i forn ia , the Coa l edo Format ion of the southern Coast Range of Oregon ,  
a nd , i n  part ,  w i th th e S pencer and N es tucca Forma tions of th e nor th· cen tra l Coas t Range of Oregon . 
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COMPOS I TE S TRATI G RA PH I C  COLUMN OF F ORMATI ONS AND L I TH O LOG I E S  OF 
TERTIARY SE D IMENTARY A ND VO LCAN I C  R OC KS EX POS ED I N  

N ORTHWESTERN OREGON AND ADJACENT S OU THWESTERN WAS H I NGTON 

Forma tion a nd 
Age Th ickness 

Holocene 0- 300 feet 

P l ei sto- Morine terraces 
cene 1 0- 1 00 feet 

P l iocene- Port land H i l l s 
P l eisto- S i l t  
cene 25- 1 00 feet 

P l ioc ene Boring Lava 
0-800 feet 

Troutda le Fm . 
50-900 feet 

Descri ption 

F loodpla in  a l luvium a nd terraces of bedded basa l tic  gravels a nd/or l igh t 
gray to l ight brownish-ye l low si l ty c lays a long stream drainages of the Coast 
Range . Dune and beach sands, peat depos i ts ,  and orga nic-rich tide I f lat 
muds a nd s i l ts a long coasta l p la in ,  spi ts, estuaries, a nd coasta l la kes . 

Wea thered grave l s , cross-bedded sand , bur ied soi l s  and horizons w i th abun
dant fossi l logs, si l t ,  and c lays .  Occur a l ong coast i n  wave-cut c l iffs a nd 
in protec ted coves . 

S tructurel ess l ight brown to buff s i l t .  Ma nt les h i l ls west of Port land; in  
part eo l ian a nd f luvia I origi n .  

B locky l ight gray di ktytaxitic  or vesicu lar o l ivine basa l t  f lows and subordin
a te amounts of c inders and scoria . Present i n  Port land area . 

- - - - - - - - UNCONFORMITY - - - - - - - -

Poor ly conso l ida ted f luvia l cong lomerates and interbeds of friab le  sandstones 
a nd mudstones . Scattered we l l-rounded quartz , quartzi te ,  and vo lcanic 
pebb l es characterize the forma tion . 

- - - - - - - - U NC ONFORM I TY - - - - - - - -

M id 
M i ocene
ear ly 
P l iocene 

Non-mar i ne Massi ve ,  friab l e ,  arkosic and m icaceous f luvia l sa ndstone . Loca l ly cross-

(? ) 

sedimentary rocks bedded and conta ins channe l s  and s i l tstone c la sts . Some lami na ted m ica-
(at C l i fton) ceous a nd carbonaceous s i l tstone in terbeds . Exposed a long Co lumbia R iver 
500+ feet a t  C l i fton and i n  western part of Oregon Coast Ra nge . 

M idd le  Co lumbia River 
M iocene Group (Ya kima 

Basa l t) 

Dense, b lack to dark gray,  aphani tic basa l t  flows characterized by wel l
developed columnar jointing; vesi cu lar rubb ly  oxid ized upper por tions of 
f lows . Conta ins severa l arkosic sandstone and cong lomeratic i nterbeds a long 
Columbia River .  Up to 50 feet of ferruginous la terite i s  developed loco l ly 
on top of Columbia R iver Basa l t .  The un i t  i s  exposed on east side of Coast 
Range and a long Columbia R iver . 

1 400 feet 

Midd le  M i o
cene volcanics 
a nd intrusives 
2000 feet 

Coeva l w i th Co lum bia R i ver Basa l t - loca l ly derived basa l tic breccias, 
p i l low basa l ts ,  rare basa l t  f lows, and assoc iated s i l l s , d i kes , and pod- l i ke 
basa l ti c  intrusions (Depoe Bay type) . A few di kes of younger Ca pe Fou l
wea ther Basa l t . Vo lcanic rocks form h ighest peaks in  western Coast Ra nge 
and si l is form head lands . 
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Formation and 
Th ickness 

Astoria Fm . 
1 000 to 
1 300 feet 

Compos i te S tra tigraph ic Co lumn (conti nued) 

Descr i ption 

In type area , 3 members: ( l ) an  upper th i ck  massive and cross-bedded arko
sic and m i caceous sandstone w i th few i n terbeds of mudstone; (2) a m edia l 
th i c k  sequence of fossi l i ferous dark gray mudstones conta i n i ng a few th i n  
g laucon i ti c  sandstone beds; and  (3) a low er 1 50-foot th i c k  un i t  o f  th i n
bedded lam i na ted fine-gra i ned sandstones a l terna ti ng w i th beds of m udstone . 
Exposed a long western part of Coast Range . Rhythm ica l ly bedded si l ty mud
stone and graded sandstones a t  Eco le State Park . Beds common ly deformed 
i n  large-sca l e  penecontemporaneous s lump fo l ds . 

Angora Peak I n  Cannon Beach area , th i ck  sequence of indura ted mass ive to cross-bedded 
sandstone member coarse-gra i ned arkos ic sandstones , pum iceous cong lomera tes , carbonaceous 
( informa l )  of si l tstones , and l oca l coa l lenses tha t  loca l l y were deform ed at the time of 
Astoria Fm • deposi tion . 
1 000+ feet 

Late Mudstones 
O l igocene of Oswa l d  
ear l y  West Park 
M iocene 1 500 feet 

We l l-bedded sequence of a l ternati ng mudstones a nd tuffaceous si l tstones . 
Som e  graded and convo l u te bedded graywackes and tuffaceous sandstones . 
Mudstones and si l tstones conta i n  abunda n t  burrow structures , m i nor c lastic 
d i kes , and pebb l y  mudstones . The beds are part ly  equ iva l ent to the Sca p
poose in age . 

La te 
O l i go

ene 

� idd l e  
O l igo-
cene 

La te 
Eocene-
ear l y  
O l igo-
cene 

La te 
Eocene 

Scappoose Fm . 
1 500 feet 

P i t tsburg B lu ff 
Fm . 
850 feet  

Keosey Fm . 
1 800 feet 

Cow l i tz Fm . 
1 000 feet 

Gob l e  Vo l ca n i c s  
200-3000(? ) 
fee t 

Th i c k-bedded ye l low ish to buff m icaceous and tuffaceous mudstone . Cross
bedded sandstones common l y  conta i n  carbon ized wood and leaf  impr i nts ,  
scattered pebb l es of quartz i te a n d  basa l t .  Base conta i ns basa l t  cobb le  or 
mudstone pebb l e  cong l omera te . Exposed north of Mist  and Vernon ia i n  
northeastern part of Oregon Coast Range . 

Th i c k  mass ive to lam ina ted beds of arkos i c  a nd g laucon i t ic sandstone and 
s i l tstone in basa l part; tu ffaceous sandy s i l ts tone and mudstone w i th l oca l 
beds of basa l tic cong lomera tes , cross- bedded channe l s ,  and coa l l enses in 
upper part . Exposed east of Pi ttsburg and Vernon ia i n  Coast Range . 

Three members: ( 1 )  an upper th i n  sequence of concre tionary tuffac eous si l t
stone and mudstone beds; (2) a media l th ick  sequence of mass ive tuffaceous 
foss i l i ferous si l tstone,  and (3) a l ower ca l careous pebb ly  vo lcan ic  sands tone 
tha t i n terfi ngers w i th dark  gray g laucon i tic  tuffac eous mudstone .  Exposed 
i n  eastern part of Oregon Coast Ra nge , u pper N eha l em R iver bas i n .  

Arkos ic  sandstone,  si l tstone , tuffaceous mudstone , and l oca l l y  m i nor basa l tic 
cong lomerate . U n i t  of basa l t  f lows and coa l y  l enses in sou thern Wash i ng-: 
ton . Sandstones conta i n  p la n t  debr i s . Exposed i n  eastern par t  of Coast 
Range in Oregon and Wash i ng ton . 

Basa l t  f l ows , pi l l ow basa l ts ,  f l ow brecc ia , a nd i n terbedded sed imen tary 
roc ks . I n terfi ngers w i th Cow l i tz Forma ti on . Exposed in north eastern pa rt 
of Coas t  Range in Oregon and ad jacen t  sou thwestern Wash i ng ton . 
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Keasey Formation 

T he K easey Format ion i n  the upper N eha l em R iver  basin is  d ivided i nto three members 0/'larren a nd 
N orbi srath , 1 946) . The l ower member consists of approximate l y  600 to 700 feet of thi n  beds of ca l careous 
pebb l y  vo l can ic  sandstone i nterfingeri ng w ith th icker beds of  dark gray , g l auconiti c tuffaceous m udstone . 
The midd l e  member i s  about 1 , 800 feet th ick i n  t he v ic in ity of the Sunset tunnel (U . S .  H ighway 26) and 
cons ists of  massi ve tuffaceous fossi l iferous s i l tstone . The upper member i s  200 to 300 feet thick and consists 
of  concretionary tuffaceous s i l tstone and mudstone beds i nterfi ngering w ith thi n pum i ceous tuffaceous si l t
stone . The  contact o f  the K eesey Formation w i th the under ly ing Cow l i tz Formation i n  the upper N ehalem 
R i ver bas i n  i s  poorl y  understood . Conformity is  suggested by some s im i larities in  rock type , d i ffi cul ty of  
p l acing the contact i n  the fie l d ,  and the apparent concordance of  i nd iv idual outcrops . I n  the vi ci n ity of 
Rocky Po i nt ,  however, angu l ar unconformity i s  suggested because of d ifferences i n  strike up to 90° between 
the arkose o f  the Cow l itz Formation and the overly i ng K eesey Formatio n .  

T he Keesey Formation i s  l atest Eocene to ear ly  O l igocene i n  age and i s  corre l at ive with the Basten
dorff Formation of the Coos Bay region a nd ,  in part, w i th the  l ower part of  the  " s i l tstone of  A l sea" i n  the 
centra l  Coastal Range . 

P i ttsburg B l uff Format ion 

T he Pittsburg Bl uff Formation �o nsi sts of severa l  h undred feet of mass ive to fi nely lam inated arkose , 
g lauconit ic  sandstone , s i l tstone , m udstone , and congl omerate . Arkosi c sandstone and fine l y  laminated 
s i l tstone is chara cteristic of the base of  the formation , whereas th i ck mass ive beds of sandy m udstone are 
typ i cal  of the uppermost P i ttsburg B l u ff Formation . Loca l l y ,  near the contact w ith the overly i ng Scappoose 
Format ion,  coarse-grai ned pebbly sandstone with abundant brown p lant debris and/or basa l ti c  cong lomerate 
is  found . Coa l -bearing i nterbeds are al so found i n  the upper part of the section .  

T he Pittsburg B l uff Format ion seems to be conformable w ith the under ly ing Keesey Formation and w ith 
the overl y ing S cappoose Formation . It is m idd le  O l igoce ne in age and corre l ates with the E uge ne Formation ,  
the Me hama Vol canics  i n  the  northwest C ascade Mounta i ns of  Oregon, the  01 igocene tuffs of the  E ugene 
area ( i nc l uded in the F isher Formation), the upper Tol edo Formation , and the upper part of  the " s i l tstone 
of A l sea" of the Central Coast Range . 

S cappoose Formation 

T he Scappoose Formation is made up of as m uch as 1 , 500 feet of  foss i l i fe rous, m i caceous tuffaceous 
arkose and gray tuffaceous mudstone . The sandstone of the Scappoose Formation is qu ite s imi lar to the 
cirkose of the Cowl itz Formation . The mudstone fa cies is  very much I ike the m udstones of the K eesey and 
the Pi ttsburg Bl uff Format ions . At the base , i n  contact with the Pittsburg B l u ff Format ion,  basal t ic  cobb l e  
conglomerate o r  mudstone pebb l e  conglomerate i s  present . Carboni zed wood and other p lant debris and 
scattered pebbl es of basa l t  and quartz ite occur in  many outcrops . I nterfingering rel ationsh ips , var iation 
in rock -type , and primary structures suggest that the Scappoose Format ion i s  of  deltaic ori g in . T he 
S cappoose Forma tion rests with apparent di sconformity upon the P i ttsburg B l uff Formation and is over la in  
unconformably by basa l tic  f lows of  the Co lum bia R iver Grou p .  Severa l hundred feet of r e l i ef was devel
oped on the u nder lying Tertiary sed imentary forma tions before outpour i ng of  the lavas of  the Colum bia 
R iver Group . Remna nts of Co lum bia R iver Grou p basa l t  overl y ing w i th a ngu lar unconformi ty the K eesey 
a nd Pi ttsburg B lu ff Formations on th e Scofi e ld  surface suggest d eformation of the o lder roc ks pr ior to erup
tion of the basa l ts .  The Scappoose Forma tion corre lates w i th th e Nye Mudstone and Yaqu ina Formation 
of the west-centra l Coast Range and conta i ns a mol l uscan fauna referrab l e  to the B la ke l ey S tage of la te 
O l igocene to low ermost M iocene age .  
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S t r a t i g r a p h y :  P a r t  I I  

Mudstone of Oswa l d  West ( informa l )  

On the coast , a th i ck sequence o f  i nterbedded si l ty m udstones and tuffaceous s i l tstones occurs i n  
the N eahkahnie Mounta in-Angora Peck  area and i s  i n formal ly referred to i n  this paper as the mudstones 
of Oswal d  West . A 1 , 500-foot stratigraphic section occurs along Short Sand Beach in Oswal d  West State 
Perk 30 m i les south of Astoria . The sequence is overl a in  by the conglomerates end cross-bedded sandstone� 
of the Angora Peak sandstone member (i n formal )  of the Astoria Formation , e nd the base of the sequence 
is in contact with a basa l t ic  si l l .  A variety of we l l -developed trace fossi l s  is scattered through the mud
stones and s i l tstones , A few thick graded graywacke beds conta in  mudstone "r ip-ups" . Other sedimentary 
features inc l ude load structures, convol ute bedding, cl astic d ikes ,  and submarine mudflow deposits . 

Mo l l usks co l lected from the mudstones by Warren and Norbisrath ( 1 945) and abundant foram in i fera 
from the l ower part of the unit i nd i cate a l ate Ol igocene age . A sparse microfauna in  the upper part of 
the un i t  suggests a Miocene age . The unit i s ,  i n  part, equiva l ent in age to the Scappoose Formation in  
the northeastern part of the Oregon Coast Range . Sedimentary structures and m i crofoss i l s  i nd icate deposi 
tion of these si l ts,  sands, and m uds i n  a deep-water pelagic environment . 

Astoria Formation 

T he Astoria Format ion occurs in the western part of the Oregon Coast Range in  a series of embay
ments from Newport to Astoria , the type area (Wel l s  and Peck , 1 96 1 ) .  The strata were orig ina l l y  studied 
at Astoria by Dana ( 1 849) , and the fossi l s  col l ected there by Townsend were identified by Conrad ( 1 848) 
in one of the first publ ished papers on the Tertiary of the Pacific Coast . 

Howe ( 1 926) d ivided the Astor ia Formation i n  the type area into three members: a lower sandstone 
approximate l y  1 50 feet thick , which is gradationa l ly overl a in  by a m iddle sha l e  member approximate ly  
1 , 000 feet th ick , and an upper sondston.e . The  poorl y exposed l ower sandstone member cons ists of  massive 
to thi n-bedded laminated fi ne-gra ined sandstones al ternati ng w ith dark-gray sandy mudstones conta in ing 
sma l l  cal careous concretions and abundant mol l uscan fossi l s .  The th ick sha le  member is composed of 
medium- to dark-o l ive -gray massive mudstone with a few th in  i nterbeds of concretionary g lauconit ic sand
stone . The mudstone contains cal careous and pyri te concretions (up to 6 i nches in  d iameter) . Several 
unfoss i l iferous mass ive to cross-bedded arkosic end m i caceous sandstone beds ( 1 0  to 1 00 feet thi ck) form 
the upper sandstone member . The sandstones ere coarse -grained and are i nterbedded w ith mudstone . 

The strat igraph ic  boundaries of the Astoria with other formations are not defined in  the type area . 
Lowry and Baldwin  ( 1 952) and Baldwi n ( 1 964) i nd i cated that the upper sandstone member of Howe inter
fingers with basa l t ic  breccias equiva lent to the Col umbia R iver Basa l t  east of Astoria .  

The name Astoria Formation has been app l ied to many of the midd l e  Mioce ne mar ine sed imentary 
rocks mapped i n  western Oregon and Washingto n .  However, the rock-strat igraphic defin it ion of the 
Astoria Formation varies in d i fferent  mapped areas in  the Pacifi c Northwest be cause corre lation with the 
type l oca l ity has commonly been determi ned on a fauna l basis and not on the basis of I ithol ogy or mapping 
i nto the type area (Moore , 1 963) .  

Unfortunate l y ,  most o f  the orig ina l  exposures o f  the Astoria in the type area are now covered with 
bui l di ngs or by sand dredged from the Col umbia R i ve r ,  There is no we l l -exposed described type section 
of  the Astor ia in the type area to provide an adequate l i thologic and stratigraphic basis for re-exam ination 
for definit ion and extension of the formation i nto other areas . 

I n  add i tion, Dodds ( 1 969) presented evidence of an unconform ity near the type area between the 
upper sandstone and middle sha l e  members of the Astoria Formation as defi ned by Howe ( 1 926) . He sug
gested restri cti ng the name Astoria Formation to the lower sandstone and m iddl e sha le  members of Howe 
and referred to the upper sandstone member as the post-Astoria sandstone . In practice , however, most 
sedimentary rocks mapped as Astor ia Format ion in other areas may be corre l ative with the upper sandstone 
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member (Howe , 1 926) of the Astoria Formation (Beaul ieu,  1 97 1 ) .  The name Astoria Formation , with al l 
its uncerta int ies, has now become deeply i ngrai ned i n  the l iterature . Moreover, the precise locat ion of  
Dodd ' s  unconformi ty i n  the type area has yet  to be determi ned . Possibly it passes beneath al l of the 
Astoria section at Astoria .  Moore ( 1 963) and Dodds ( 1 969) presented thorough d iscussions of the history 
of work on the type Astoria . 

There is a defin i te need for the establ ishment and deta i led description of a wel l -exposed, accessib le 
type section of the Astoria Formation with defined upper and lower stratigraphic contacts , Furthermore , 
on  i ntensive regional study is needed to defi ne the strat igraph ic ,  pa l eonto logic ,  and I itho logic re lat ion
ships of the strata mapped as the Astoria Formation i n  Oregon and Washi ngton with the type local ity and 
w i th the new ly defi ned type section . 

I n  the N ew port em bayment, 1 00 m i l es south of Astoria , the stra tigraphic rela tionsh ips and l i tho logies 
of strata mapped as the Astor ia Formation are more c l ear ly defined (Vokes and others , 1 949; Snave l y  and 
others , 1 969) . The 2, 000-foot th i c k  Astoria Forma tion unconforma bly over l ies the ear ly M iocene Nye 
Mudstone and late Ol igocene Yaquina Format ion and is unconformably over la in  by the middl e M iocene 
basa l t  of Depoe Bay . The formation consists of  predominantly shal low marine arkos ic  and mi caceous sand
stones and carbonaceous s i l tstones . 

Strata i n  the Cannon Beach area mapped as Astor ia Format ion by We l l s and Peck ( 1 96 1 ) are i nformal ly 
referred to i n  t h is paper as the Angora Peak sandstone of the Astoria Formation . Pre I im inary stud ies show 
that these strata are equiva lent in age to the type Astoria . They consist of thick , massive to cross-bedded,  
arkosi c ,  and tuffaceous sandstones . Subordi nate amounts of pumiceous congl omerate , dark -gray mudstones,  
m i caceous and carbonaceous burrowed s i l tstones ,  and a few th i n  d iscontinuous coal beds ol so occur . Abrupt 
facies changes are common in this sandstone member . More than 1 , 000 feet of section are present near 
Angora Peak (Frank Cressy , graduate student at Oregon State Univers ity oral communicat ion,  1 972) .  

I n  the precip i tous sea cl i ffs at Oswal d West State Park , the Angora Peak sandstone member overl ies 
the late 01 igocene (Zemorrian) to early Miocene (? ) we l l -bedded tuffaceous si l tstones and mudstones of 
Oswal d West State Park and is unconformably (? ) overl a in  by the middl e Miocene basa l ti c  breccia (equiv
alent  to Col umbia River Basa l t )  at Haystack Rock near the c ity of Connon Beach . 

Schl icker and others ( 1 972) , i n  remappi ng the northwestern Oregon coast area , restri cted the use 
of the term Astoria Formation to this  d isti nct ive m idd l e  Miocene sandstone un i t  i n  an area 25 to 75 m i l es 
south of Astor ia . They suggested, however , that these sandstones may be equival ent i n  age to the deeper
water fac ies of the type Astoria Formation at Astoria . They a l so accepted the possib i l i ty that the sandstone 
may uncon formably overl ie the l ower sandstone and mudstone members of the Astoria Formation at the type 
local ity . 

The conglomerates i n  the Angora Peak sandstone member consist of abundant pum i ce ,  basa l t ,  quartz , 
a nd agate pebbl es probably derived from Miocene pyroc lasti c erupti ve centers in the ancestral Cascades 
to the east and from ol der Eocene basa l t ic  and sedime ntary highl ands in the Coast Range . Basal t ic conglom
erates conta i ni ng sandstone bou lders as I orge as 1 1  feet across occur local ly . Trough and l arge -scal e  p lanar 
cross-bedding ,  scour-and-fi l l  structures , channel s ,  convol uted bedd ing ,  mud "r ip-ups" , fl ame and l oad 
structures , and mari ne sandstones are common local l y .  The orientation of cross-bedding shows a sed iment 
d ispersal pattern from east to west , northwest, and southwest . Areal reconnaissance suggests that the 
Angora Peak sandstone member interfingers with sha l l ow mari ne sandstones to the south and deeper-water 
mudstones to the north . The probabl e  environment of deposition is de l ta ic  as suggested by l i thologies, 
sed imentary structures, and lateral fa cies d i str ibut ion . 

Pre l im inary observations a l so i nd icate that a deep-water turbidite sandstone facies over 200 feet 
thick at Eco l e  State Park near C onnon Beach may be eq uivalent i n  age to the type Astor ia . This  sequence , 
mopped by We l l s  and Peck ( 1 96 1 ) as the Astoria Formatio n ,  cons ists of a rhythmic al ternation of wel l 
bedded , m icaceous , l am inated fine -grained sa ndstones and si l ty mudstones of Saucesion and Rel izian age . 
Sed i mentary structures i n  the sandstone beds i ncl ude the a, b, and c divisions of the Bouma sequence . 
Para l l e l  l am inations , micro cross-lam i nations, contorted strat i fication, graded bedd i ng ,  mud cl asts, load 
structures, and rare sol e  marks a lso occur . 

The sandstones and congl omerates of the Angora Peak sa ndstone member along the sea cl iffs at H ug 
Point State Park and the Astoria -age sequence at E co le  Park form large penecontemporaneous sl ump fo l ds 
commonly assoc iated w ith m iddl e Miocene basa l t ic  d ikes and s i l l s .  Radiometr i c  age doting indi cates that 
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these igneous rocks are on ly s l ight l y  younger than the sedimentary rocks they i ntrud e .  Dona l d  Parker, 
Oregon State U niversity ,  rad iometr ica l ly  dated a sampl e  from a d i ke at Ecola State Park at 1 5 . 9 !_ 0 . 4  
m . y .  (middl e  M iocene ) a nd Turner ( 1 970) determi ned a n  age of  1 4 . 0  !_ 2 . 7  m . y .  for basa l ts near Ecol a 
Park . These intrusions contain  blocks of contorted m iddl e  Miocene sedi mentary rocks . 

The contacts of the s i l l s  a nd d i kes with the surroundi ng sedime ntary rocks are l oca l l y  a l tered and 
brecciated , a nd some ore peperites ,  suggest i ng that the igneous i ntrusions d ispl aced st i l l  p lastic or sem i 
l it h i fied water-saturated sedi me nts , throw i ng them i nto h uge fol ds and j umb led angul ar bl ocks o f  sed iment 
in a sandstone matrix . Some soft sed iment fol d i ng ,  not obviously assoc iated with d ikes,  may have been 
produced by sl umpi ng on the front of a delta . 

Age : The Astoria Format ion as mapped i n  western Oregon i s  now genera l l y  considered midd l e  
Miocene i n  age , but recent publ i shed ages range from m iddl e  O l igocene t o  m idd l e  Miocene depe nd ing 
on the local e where the strata ass igned to Astoria Formation were sampl ed . I n  the type local ity , the 
foramin i fera l  assemblage i s  referrable to K l e inpel l ' s ( 1 938) upper Saucesian Stage of  the midd le  Miocene 
(Cushman and others, 1 947; Stewart, 1 956) . The l ower sandstone and m idd le  sha l e  of Howe in the type 
area conta in  a d ist inctive mol l uscan fauna which is  Temblor or m i dd l e  M iocene in age (Moore , 1 963) .  

I n  the Svense n area 9 m i l es east of  Astor ia,  strata assigned to  the  Astoria Formation by  Dodds ( 1 963 , 
1 969) conta in  m i dd l e  Refugian (mid-O l igocene )  to Saucesian (ear ly Miocene) foram in i feral assembl ages . 
The over ly i ng post -Astor ia sandstones (equival e nt to Howe ' s  upper sandstone member  of the Astoria Forma 
tion) conta i n  a megafossi l  assembl age co l lected a nd identi fied by Dodds which i s  most probabl y of middle 
M iocene age accordi ng to Addi cott (in S nave l y ,  Mac leod , a nd Wagner 1 973) . 

Th e s i l ts tones of the Astoria Formation i n  the Newport area conta i n  abunda nt foram in ifera ind icative 
of a Saucesian age (S nave ly a nd oth ers,  1 964, 1 96 9) a nd a megafossi l a ssem b lage indica tive of a Temb lor 
or m i dd l e  M i oc ene age (Vokes a nd others , 1 949; Moore,  1 963; S nave l y  a nd oth ers , 1 964 , 1 96 9) . A midd le  
Miocene m egafossi l fauna was  descri bed from exposures of  sa ndstones of  the  Astoria Formation a long the 
south s ide of Ti l lamook  Bay (Moore , 1 963) , a nd Miocene foram i n i fera occur in the Angora Peak sa ndstone 
m em ber near Angora Pea k .  Forami n i fera of Saucesian (Sch l i c ker a nd others , 1 96 1 )  a nd Re l i zia n (Snave l y  
a nd others , 1 973) age have been reported in  the turbid i te strata mopped as  Astoria Forma tion b y  Wel l s  
and Pec k ( 1 96 1 )  at Ecola S ta te Par k  near Co nnon Beach . 

Col umbia R iver Group 

Basa l ts of the Col umbia R iver  Group (referred to as  Col umbia R iver Basa l t  in  th is  report) form the 
h igh h i l l s  and r idges from Portl a nd to the northeastern part of the Oregon Coast Range and form steep 
c l i ffs a long the lower Col umbia R iver as far west as Cath l amet, Wash ington,  a nd Westport , Oregon 25 
m i l e s  east of Astoria . Fresh basa l t  flows are dense , dark gray to bl ack and aphanit ic  to fine grai ned . 
F lows are characterized by wel l -deve l oped co l umnar joi nti ng and vesicul ar rubb ly  oxid ized upper parts . 
The basal ts are composed of pl agiocl ase , augite , p igeonite , and opaque m i nera l s  set in a groundmass of 
brown gl ass a nd ch lorophaeite .  A few fl ows conta in  m i nor ol iv ine ,  

The Col umbia R i ver Group i n  eastern Oregon cons i sts of three formations: the P icture Gorge Basa l t ,  
the Yakima Basa l t ,  and the Mas ca l l  Format ion (Snave ly  a nd others ,  1 97 3) . Wa ters ( 1 96 1 )  subdiv ided 
the Yakima basa lts  i nto two petrographic types; the Y ak i ma and the l ate -Yak ima . The fl ows in north
western Oregon  and southwestern Washi ngton (derived from the Col umbia R i ver pl ateau)  are equiva l ent 
to the Yakima a nd l ate Yakima petrographic types (S navely a nd others , 1 973) . 

I nd ividual  fl ows range from 30 to 60 feet th i ck and are separated by severa l 5 - to 20-foot-th ick 
i nterbeds of a rkosi c  sandstones and l ess commonly basa l t i c  conglomerates a long the lower Col umbia R i ver . 
A reddish ferrugi nous baux i te -l a terite Miocene so i l  zone i s  devel oped loca l ly  on top of the Col umbia 
R iver  Basa l t  i n  Washi ngton a nd Orego n .  The Col umbia R iver Basa l t  has been broad ly  warped i nto several 
l arge northwest-southeast trending antic!  i nes and sync l i nes in the eastern port of  the Coast Range and i n  
the Portl a nd area . The tota l th ickness of t h e  Col umbi a  R iver  Basa l t  i n  the Ke l so-Cath l amet area of Wash
i ngton a l ong the Col umbia R iver is at least 1 , 400 feet (L iv ingston,  1 966) .  
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T he Col umbia R iver Group unconformab ly  overl ies the O l igocene Scappoose , P i t tsburg Bl uff, K easey 
Format ions , the l ate Eocene Goble Vo lca nics,  and the Cowl i tz Formation i n  the upper Neha l em R iver  area . 
Van Atta ( 1 97 1 a) refers to this e rosional unconform ity as the Scofiel d  surface . Local l y ,  the Col umbia R iver  
Basa l t  is unconformably  overl a i n  by the Troutdal e  Format ion and Port land H i l l s  S i l t  (L ivi ngston , 1 966; 
Warren  and Norbisrath , 1 946) . I n  the northwestern part of the Oregon Coast Range , the basal ts in tertongue 
with  the Astoria Formation (Bal dwi n ,  1 964) and are overl a i n  by m iddl e  M iocene-early P l iocene non-marine 
sed imentary rocks (We l l s  and Peck , 1 96 1 ) .  Some flows grade westward i nto submar ine p i l l ow l avas and 
pal agonite breccia i n  the B ig  C reek area 14 m i l es east of Astoria , probably i nd i cat i ng where the flows 
poured i nto a mari ne embayment (Snave ly  and others , 1 973; Ba ldw i n ,  1 964) . 

The Yakima a nd l ate-Yakima petrographic types of basa l t  i n  northwestern Oregon and southwestern 
Wash i ngton are m idd l e  M iocene i n  age . 

M iocene vo l can ic  rocks and i ntrusions 

T he midd l e  M iocene vol can ic  rocks a l ong the coast of northwestern Oregon consist of  more than 
1 ,500 feet  of thol e i i t ic  p i l l ow basa l ts ,  basa l ti c  breccia , and basa l t  flows wh ich  overl i e  t he Astoria Forma
tion . These basa l t i c  rocks are chemical l y  i ndist inguishab le  from and are coeval wi th  the pl ateau-derived 
Yak ima a nd l ate-Yak ima basal ts of the Col umbia R iver Group (Snave ly and others , 1 973) . 

T he h ighest topographi c  features i n  t he northwestern Oregon Coast Range (Wick iup Mounta i n ,  Onion 
Peak,  Sadd le  Mounta i n ,  Sugarloaf Mounta i n ,  and Angora Peak) are composed of predomi nant ly massive 
resistant basa l t i c  brecc ia . T hese topograph ic  h ighs probab ly represent centers of igneous act ivi ty as swarms 
of feeder d ikes and si l l s  c ut t he breccias . The basa l t i c  rocks range from fl ows with c lose l y  packed p i l l ows 
to i so lated p i l l ows i n  o basa l ti c  breccia .  The breccias ore composed of poorly sorted angul ar fragments of 
basa l t i c  gl oss (sideromelone and tachy l i te) that common ly  weathers to ye l l owish-brown pal agonite . Larger 
fragments are composed of aphan i t ic  basa l t ,  same of which conta i ns zeol ite and cal c ite-fi l l ed amygdu les . 
Large bl ocks of contorted mudstone and s i l tstone are incorporated into some of the brecc ia s .  These breccias 
and iso lated pi l low breccias probably were formed as hot molten masses of basa l t  extruded on the sea floor . 
The igneous mater ia l  shattered as o resul t of rapid quenching by sea water . 

S nave ly  and others , ( 1 973) subd ivided the m idd l e  M iocene vo l canic and i ntrusive rocks a long the 
Oregon and Washi ngton coast i nto three ma jor un i ts based on petrochemistry , m i nera logy , and re lat ive 
strat igraphic posit ions . From ol dest to youngest they ore : Depoe Bay Basa l t ,  Cape Foulweather Basa l t  
of  the Newport area,  and basa l t  o f  Pack Sack Lookout (i nforma l  name) of  southwestern Wash ingto n .  

The non-porphyr i t ic  Depoe Boy Basal t ,  wh ich  has a h igh-si l ica content,  forms the bu lk  of t he d ikes,  
s i l l s ,  p i l l ow basa l ts ,  and f low brecc ias of  the northwest Oregon coastal region (Snave l y  and others ,  1 973) . 
The Cope Foulweather Basa l t  i s  characterized by scattered ye l l ow i sh phenocrysts of l abradorite . It occurs 
i n  m i nor amounts as d ikes cutting Depoe Boy Basa l t  s i l l s  at Eco la  State Park and as an inc l i ned d ike sheet 
at Youngs R iver Fal l s .  The basa l t  of Pock Sack Lookout conta i ns I orge phenocrysts of l abrador ite w ith 
i ncl usions of pyroxene and gl oss i n  addi tion to augite and o l iv ine phenocrysts . This unit comprises a few 
flows that unconformably overl i e  Yakima Basal t in the Ke l so-cath lamet area of Wash i ngton . The Depoe 
Boy Basa l t  is chemica l l y  equ iva lent to the Yakima Basal t of the Col umbia R iver Group, and the Cape 
Fou l weother Basal t is chemica l ly  equ iva l ent to the l ate-Yakima Basal t (Snave ly  and others, 1 973) . 

N umerous basa l t i c  s i l l s ,  d ikes, and pod-l ike i ntrusions associated wi th  the erupt ive deve lopment of 
the Miocene vol can ic  rocks penetrate the under ly ing Astoria Formation and l ate Ol igocene mudstones . 
Some of the s i l l s  ore th ick (up to 1 , 000 feet ) ,  massive , and form resi stant headl ands such as T i l l amook Head , 
Neohkahnie Mountai n ,  or Cape Fa l con a long the coast or r idges such as Coxcomb H i l l  i n  the c ity of Astoria . 
These si l l s  ge nera l ly  d ip  gently  southeastward and are commonly i n  faul t contact w i th surround ing O l i gocene 
a nd Miocene mudstones and sandstones .  The upper surface of many of the l arge s i l l s  is irregular and contains 
d ike-l ike apophyses w i th i ncorporated bl ocks of the surroundi ng deformed Ol igocene-M iocene sed imentary 
rocks . 

T he mass ive s i l l s are f ine -gra i ned basa l t  to gabbro and show l ittl e composi t iona l d i fferent iation 
(Snave l y  a nd others , 1 973) . Some d ikes are composed of a l tered brecciated basa l t  and of peper ite that 
conta ins brecciated sed imentary b locks . The breccia d ikes probably formed from steam explosion and rap id 
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q uench ing duri ng extrusion i nto water-saturated sediments (Snave l y and oth ers , 1 973) .  Dikes common ly  
become i rregu l a r ,  b i furcate , fl ay ou t  i n  a l l d i rection s ,  and become i ncreas ing ly  bre cc iated near the con
tact of the Astoria sed imentary rocks and the over l y i ng extrus i ve breccias,  suggest i ng i ntrus ion c l ose to 
the top of the sed imentary p i l e . The Depoe Boy Basa l t  and Cape Fou l  weather Basa l t ore m idd l e  M iocene 
( 1 4  to 16 m . y . )  i n  age and the basa l t of Pa ck Sock Lookou t is tentat ive l y  l ate Miocene based on potass ium
argon dot i ng and strat igraph i c  re l at ionsh ips . 

Midd l e  M iocene to Ear ly PI iocene (? ) non-mar ine sed imentary rocks (a t C l i fton) 

T he non-mar ine sed imenta ry rocks cons i st of  approx imate ly 500 feet of  mass ive to cross-bedded , buff, 
common ly  i ro n-sta i ne d ,  fr iab l e ,  arkos ic sandstone over l a i n  by carbonaceous sandstone and s i l ty mudstone , 
The un i t  conformab ly  over I ie s  a nd i nterfi ngers wi th  the upper port of the Co l umbia R i ver Basa l t .  The 
arkosi c  sandstone i s  med i um - to very coarse -gra i ned , poor l y  sorted , and common ly  m icaceous . I nterbeds 
1 0  to 20 fee t  th ick  of l am i nated carbonaceous s i l tstones and very f ine-gra i ned sandstone s  ore a l so prese nt , 
T he un i t  is sem i -conso l idated and forms sandy gent le  s l opes . The non -mar i ne charac ter  of the sandstone 
i s  suggested by the occurrence of sandstone channe l s ,  l a m i nated carbonaceous si l tstone " r ip-ups " and 
s l ump b locks . The mopped d istr ibution of the un i t  (non-mar ine PI iocene sed imentary rocks of We l l s  and 
Peck,  1 96 1 ) i s  restricted to a 45 -squore-m i l e  area east of Astoria , Oregon , near C l i fton ,  B rownsmeod , 
and Gnat Creek Forest Pork a l ong the Co l umbia R i ver  and south of Astoria be tween Youngs R i ver and 
the Lewi s  a nd C l ark R i ve r . The un i t  is a l so re ferred to , in part , as the upper Astor ia  sandstone and is 
unconformab l y  over l a i n  by the Troutda l e  grave l s  (Lowry and Ba l dw i n , 1 952 ;  Ba l dw i n ,  1 964) . S nave l y  and 
Wagner ( 1 964) suggested that this  non-marine un i t  is port of the deposits of the an cestra l Co l umb ia  R iver 
system i n  the dow nwarped area of the lower rea ches of the Co l umbia R i ver . 

No foss i l s hove bee n descri bed i n  these non-marine sandstones , howeve r ,  burrows hove been observed 
l o ca l l y . The strat i graph i c  re l at ionsh ips suggest on age betwee n midd l e  Miocene and ear ly  P l iocene . I t  
i s  d i ffi cu l t  to d i fferentiate these strata from the l i tho l ogi ca l ly  s im i la r  upper sandstone member o f  t h e  Astoria 
Format ion of Howe ( 1 926) l post-Astor ia  of Dodds) in the Astor ia area where there i s  no i nterve n ing  Col umbia 
R i ve r Basa l t . S ch l i cker a nd others ( 1 972) chose to comb i ne the two un i ts as one and mopped them as the 
upper Mioce ne sandstone i n  the i r  re cent recon na i ssance mopp i ng of the Astor ia area , 

T routda l e  Format ion 

T he Troutda l e Formation  i s  composed of sem i -conso l idated conglome rat i c  beds east of the Port l and 
area near the town of Troutda l e . Grave l s  a nd congl omerate corre l ated w i th the T ro utda l e  Format ion 
occur i n  restr ic ted outcrops a l ong the lower Col umbia R i ver i n  the Longv iew-Cath lamet  area of  Wash i ngton 
( L i v ingston ,  1 966) and in the C l atskan ie and Astor ia areas of Oregon (S ch l i cker a nd others , 1 972) . 

T he formation consi sts of poorl y sorted we l l -rounded pebb les  a nd bou l ders i n  a l ig ht -buff s i l ty c l ay 
matrix . S ca ttered quartz , quartz i te , and vo l can i c  pebb l es chara cter ize the format ion . T h e  un i t  conta ins  
l enses of fria bl e sandstone and mudstone w i th i n  the grove l s .  T he Troutda l e  is at l east  50 feet th i ck at 
Astoria ( S ch l i cker and others , 1 972)  and 900 feet t h i ck in the Longv iew area ( L i v i ngston ,  1 966) . 

T he grove l s  unconformab l y  over l ie the Astoria Format ion at Astor i a ,  the Eocene Gob l e  Vo l can ics  
i n  the Longv iew area , and the Miocene Co l umbia  R i ver Basa l t at C l a tskan ie ,  Oregon . The  un i t  i s  ove r
la i n  by  the basa l t i c  Bor ing Lava a nd by the  Port l and H i l l s S i l t  i n  t he  v i c i n i ty of Port l a nd .  

The we l l -rounded cobb les  and l e ns-shape of the grove l depos i ts i nd i cate a fl uv ia l o r i g i n  for th i s  -
format ion probab ly  assoc iated w i th the ancestra l Co l umb io  R iver system . The  occurrence of the  T rou tda l e  
Forma t ion copp i ng Coxcomb H i l l  i n  t h e  c i ty of Astor ia i nd i cates a t  l east 250  fee t  of up l i ft s i n ce depos i t ion  
o f  t he  grove l (S ch l i cker a nd others , 1 972 ) . The compos i tion of the  pebb l e s  suggests der ivat ion  from a 
q uartz i te and me tamorph i c ,  a c i d i c  vo l ca n i c  terra i n  i n  northweste rn Wash i n gton or easte rn O regon a nd 
I daho as we l l  as from the basa l t i c  andes i te s  of the Cascades and the basa l ts of the Coast Ra nge . 

Age : Leaves exam i ned by C ha ney ( 1 944) and by Sanborn ( i n  W i l k i nson and others , 1 946) i n  the 
type area of  the Troutda l e i nd i cate an  ear l y P l ioce ne age . Foss i l  l eaves re covered from the T routda l e  as 
restr i c ted by Tri mb l e  ( 1 963) a l so are i nd i ca t i ve of an  ear ly P I  iocene age . 
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Bori ng Lava 

The Boring Lava forms and caps many of the topograph ic  highs i n  the Portl and area . The unit was 
named and mapped in the Portland area by T reasher ( 1 942) . The formation consi sts of l ight-gray to dark
gray d i ktytaxi t ic  o l ivi ne basal t flows and m i nor amounts of cinders and breccias. The l avas chara cterist ic
a l ly are l ess dense than the Col umbia River Basa l t  and conta in zeol i te- and opal -fi l led vesic les .  Col umnar 
jointing i s  poorl y  deve loped in  the Boring Lava unl ike the Col umbia R i ver Basa l t .  

The Boring Lava appears as l arge bl ocks i n  exposure . Mount Sy lvania , th e s i te o f  Port land Community 
Co l l ege south of Port land ,  is composed of a sma l l  basal t sh iel d vol cano of Bori ng Lava (Burnam , 1 972,  
persona l communicat ion) . 

Age and contacts: Most of the unit i s  considered to be middle to late PI iocene al though the lower 
part may be early Pliocene . The unit disconformably over I ies the early  PI iocene Troutdal e Formation . 
I t  is over la in  and i s ,  i n  part, interbedded with the Portl and H i l l s  S i l t  (Bal dwi n ,  1 964) . 

Port land H i l l s  S i l t  

T he Portl and H i l l s  S i l t  ranges from 25 to 1 00 feet i n  thi ckness and consists o f  a structure l ess l ight
brown to buff si l t .  The s i l t  has bee n found in  the Portland area and on the Tualatin H i l l s  at e l evations 
of 1 ,  200 feet and in the lowl and border ing the Col umbia R i ver at Vancouver, Wash ington , at an a l t itude 
of 300 feet .  In the K e lso ,  Washington, area a 25 to 40-foot loess deposit on top of the Co lumbia R iver 
Basa lt  is correl ative to the Portl and H i l l s  S i l t  (Livingston ,  1 966) .  

Th is  si l t  was named and described by Lowry and Baldwin ( 1 952) . The s i l t  i s  composed o f  quartz, 
muscovite , biotite , fe l dspar, augite, garnet, glass, sp icu les,  d iatoms, and the c lay mi nera l s  kaol in ite 
and il l i te and is l itho logica l l y  sim i lar to the Palouse soi l  of  eastern Washi ngton (Beaul ieu,  1 97 1 ) .  The 
Port land H i l l s  S i l t d isconformab ly  overl ies the Col umbia River Basa l t ,  Troutda le  Format ion, and Bor ing 
Lava (with which it may be i nterbedded i n  part) . 

The Portl a nd H i l l s S i l t  is post-Troutda l e ,  midd l e  P l iocene age , based on dati ng a fossi l tooth 
(Ba l dw i n ,  1 964) . Yet ear ly P le istocene age is indicated by its stratigraphic posi t ion above the early 
P le i stocene Spri ngwater Formation (T rimb le ,  1 963) .  

T he Portland H i l l s  S i l t  probably was deposited i n  fl uvial and eo l ian environments . Baldwin ( 1 964) 
reported scattered we l l -rounded q uartzite pebb l es present i n  the s i l t  suggest ing a water-laid orig in  i n  
part . The  fi ne-gra ined,  uniform character of the s i l ts i n  other areas suggest they are loessal deposits 
deri ved from the Col umbia R iver floodpla in  (Trimb le ,  1 963; L iv ingston,  1 966; Beaul ieu,  1 971 ) .  R igorous 
analysis of the Portl and H i l l s  S i l t  is long overdue . 

P l e istocene and recent unconso l idated deposits 

Up l i fted P le i stocene mari ne terraces occur from 1 0  to 1 00 feet above sea l eve l a long the coast . 
Depos its on the wave-cut terraces consist of weathered grave l , abundant logs, cross-bedded sand,  buried 
so i l s ,  and s i l ts and clays . Stream al l uvi um composed predominantly of bedded ,  poorly sorted reddish 
basa l t  grave l s  or l ight-gray to buff si l ty c lays ranges from 0 to 1 5  feet  thick a l though thicknesses up to 
300 feet have been recorded loca l l y  (Sch l icker and others, 1 972) . O lder al l uvium deposits occur in  
r iver terraces up to 50 feet above present flood p la in  leve l s  al ong the lower reaches of l arger streams.  

Dune and beach sand and beach grave ls  occur i n  protected coves between headl ands and al ong 
coasta l p la ins . C l atsop Spit and the Cl atsop sand p la ins form a 1 7-m i l e- long arcuate coastl ine from the 
mouth of the Col umbia R iver to Seaside,  Oregon, and is  characterized by several paral l el north-south 
beach ridges with i ntervening peat swamps and e longate lakes . Coasta l p la in  sand is 1 00 to 1 50 feet th ick . 
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T he Cl atsop sand p la ins are post -gl acial  i n  age and have formed from the  distribution of sand brought 
to the sea by the Col umbia R iver (Schl icker and others,  1 972) . The ma i ntenance of the shape and continued 
seaward growth of the sand p la ins over the sha l low she l f  is produced by the movement of sa nd in response 
to a dynamic interp lay between the northward flow ing w i nter currents and the southward flow i ng summer 
currents (Cooper,  1 958) . The bea ch ridges range from 25 to 70 feet high and contai n  large-sca le  p lanar 
cross-bedd ing . The beach sands are composi tiona l ly quartzose and fe ldspathi c  but loca l ly are dark due 
to heavy m inera l concentrations . A l arge sp i t  w i th northeasterly tre nding parabo l i c  dunes projects south
ward into the mouth of the N ehalem R ive r south of N eahkahnie Mounta i n .  

T ida l fl at deposits,  composed o f  mass ive organi c-rich si l ts,  muds , and m inor sand layers, a nd peat 
depos its are located in protected bays and estuaries and al ong the banks of the Col umbia Rive r .  We l l s  
have penetrated as much as 200 feet o f  tidal fl at sed ime nts (Sch l i cker and othe rs ,  1 972) . 

S t r u c t u r e  

S tructura l l y ,  the northern Coast Ra nge of Oregon i s  rel ative ly simpl e .  Many workers i n  the past 
have re ferred to the Coast Range as a north -pl ung ing ant ic l i norium because of the ge nera l atti tudes of 
rocks on the west, north , and east flanks of the S i l etz R i ver Vol canics which  form the core in the ce ntra l 
and north-centra l  part of the range . C l ose exami nation of attitudes revea l s ,  however,  that there are 
local reversal s  in dip wh ich suggest that ai though there is a general ant icl i na l  upwarping ,  it would be 
d i ffi cu l t  to trace out anticl i nes and sync l ines with in  the overa l l  structure , i n  accord with J . D .  Dana 's  
( 1 873) origi nal i ntent of the term " antic l i norium " . The structura l trend of  fau l ts and the few fo lds which 
can be de l i neated is gene ra l l y  northwest-southeast . 
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APPE N D IX A .  S CH EDU LE OF F ERRY CROS S I N G S  

1rlahki akum Ferry - Puget Island t o  li-Testport, Oregon 

Leaves Puget Island 

7 :15 A . H. 

7 : 45 A .H. 

8 : 15 A .H. 

8 : 45 A .H.  

9 : 45 A .M.  

10 : 45 A .H .  

11 : 45 A .M. 

12 : 4.5 P.H. 

1 : 45 P .H. 

2 : 45 P .M. 

3 : 15 P.M.  

3 : 45 P .M.  

4 :15 P .H . 

4: 45 P . M. 

5 : 15 P .M. 

11 : 15 P .M.  

Leaves Hestport 

7 : 30 A .M.  

8 : 00 A .H .  

8 : 30 A . H. 

9 : 00 A .M .  

10 : 00 A .M. 

11 : 00 A . l1. 

1 2 : 00 Noon 

1 : 00 P .H .  

2 : 00 P.f1.  

3 : 00 P . H .  

3 : 30 P .M .  

4 : 00 P.M.  

4 : 30 P .H.  

5 : 00 P .H. 

5 : 30 P .N.  

12 :15 A . M.  
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APPEN D IX B .  MEGAFOS S I L  CH EC K L I ST  

COWLITZ FORMATION 

Cowlitz Formation (after 1.Varren and Norbi srath, 1946) : 
Columbia County Quarry ("Rocky Point Quarry" ) ,  STOP 3 

Glycymesis cf .  Q• eocenica (Weaver) 

Barbatia cowlitzensis (Weaver and Palmer) 

Barbati a  suzzaloi (Weaver and Palmer) 

Ostrea cf.  Q· griesensis Effinger 

Podoesmus n .  sp. 

Mytilus n .  sp.  A 

Mytilus n .  sp. B 

Volsella cowli tzensis 

Pi tar cf .  P. escenica 

Acmaca n. sp. A 

Acmaca n .  ep. B 

(lie aver 

(Weaver 

Caliptraea diegoana (Conrad ) 

Terebratalia sp. 

and Palmer) 

and Palmer) 

Deacon (1954, p .  63) gives the following additional megafossils found 

at the Columbia County Quarry: 

Nuculanids 

Ficopsi s sp. 

Seotifer sp. 

Acmaea persona Exchscholtz 

Rhynochonella washingtoni a i;Jeaver 

Hexacorals 

Fish teeth 

Unidenti fiable vertebrate bone fragments 
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KEASEY FORMATION 

Keasey Formation (a fter Warren and 
other s ,  1945 ) :  Sunset Tunnel 
Empire Lite Rock Quarry, STOP 2 

Nucula n .  so . 

A cila nehalemens i s  Hanna 

Nuculana n .  sp.  

Yoldia chehali sensis (Am . )  

Tind ari s ? n .  sp.  

�electopecten n .  sp. 

C renella porterensis H. 

Thra ci a n .  s p .  

Nemocardium weaveri (A rnold and Martin )  

Nacoma n .  sp. 

Epi toni um keaselensi s 

Nati ca c f .  N .  

Poli nices n .  

Sinum cf . s .  

Turri teJ.la n .  

Brucl arki a n .  

!1i. tra n .  sp.  

\·Tea veri 

s p .  

oblisuum 

sp. 

sp . 

CanceJ�ari a  n .  sp.  A 

Ca ncellaria n .  so. B 

Cancellari a n .  sp. C 

Conus n .  s n .  B 

Durham 

Tegland 

( Gabb ) 

Exil i a  lincolnensis Heaver 

Sni rotrooi s n .  sp.  A 

" Gemmul a" bentsonae Durham 

Nekewis aff. �. washingtoniana (W) 

Nekewi s n. sp. 

Knefasti a  aff . �·  washingtoni ana (W) 

Scaphander s te\iarti Durham 

Sumorphoscorlstes naselensis Rath 

KEASEY FORMATION 

Mist crinoid locality: Moore and Vokes 
(1953 ) report the following: 

Isocrinus oregonensis Moore and Votes n. sp. 

Isocrinus n eh aleMensis Moore and Vokes n. sp. 

Solemya (Achavax willapensi s Weaver) 

Ennucula n .  sp.  

Acila (Trunc acila )  nehalemen sis Hanna 

Nuculana washingtonensis (Weaver) n. subsp. 

Yoldia (Portl andella )  chehali sensi s (Arnold ) 

Minormalleti a n .  sp. 

Propeamussium n .  s p .  

Delectopecten n. sp. 

Tellina n .  sp.  

Polinices n .  sp.  

Fulgurofusus n .  sp. 

"Cancellari a "  n .  sp. 

Exilia lincolnensi s Weaver 

Scaphander stewarti Durham 

Flabellum hertleini Durham 

�ust crinoid locality: Bruce Welton, 
Portland State Univ. urrlergraduate 
student, has identified the following 
lower Oligocene sharks from t eeth 
found at this locality: 

Pristoiphorus sp. 

Squatina sp. 

ssualus 

Centrophorus s p .  

Notorhynchus sp. 

Odontaspis sp. 
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PITI'SBURG BllJFF FORMATION SCAPPOOSE FORHATI ON 

Pittsburg Bluff Formation (after 1-Iarren 
and other s ,  1945 ) STOP 4 

Acila shumardi (Dall ) 

Nuculana vJa shingtoneri si s (W. ) 

Yoldia af f .  Y. tenui s sima Clark 

Limposi s ,  ?, n .  s p .  

Thracia condoni Dall 

Taras goodspeedi Durham 

Nemoc ardium aff . N. loren zanum (.Am . )  
Macrocall i s ta pi ttsburgen s i s  ( Dall ) 

Tell i n a  pi ttsburgensi s Clark 

Solen t ovm s en d en s i s  Clark 

Spi sula pi ttsburgensis Clark 

Spi sula packardi Di ckens on 

Panope s n ohomi shensi s Clark 

Ervi ll i a  oregonens i s  Dal ] 

Polini c e s  vTashin gtonensi s ('.cleaver) 

Poli n i c e s  (Neveri ta ) n. :;p. 

EosiphonaE a ore:;onensi s (DaJ1 ) 
Bruclarki a col umbi ana (Anderson and Martin )  

l-1olopophorou:o sabbi 8all 
Perse �i ttsburgens i s  Durham 

Pri s cofusus c f .  chehali :oensis C·:eaver) 

Sc aphander s tewarti Durham 

Scappoose Formation (after 1'/arren am 
Norbis rath, 1946 ) 

Acila muta ( Cl ark ) 

A cila aff . gettysburgensi s  ( Reagen ) 

NucuJ.ana s p .  

Yoldia chehali s ensi s (Arnold ) 

Yoldi a aff .  ore�ana ( Shumard ) 

A nad a ra cf . A .  montere;ran a  (Osmont) 

M;rtilus c f .  M .  mat thel-TS oni Gabb 

Thraci a aff . trape zoid e s  Con rad 

Veneracardi a c f .  V.  hannai Tegland 

Taras parili s (Conrad ) 

Clinocardi�� s c appoosensis (Clark) 

Nemo cardium lorezanum (Arnold ) 

Macrocalli s ta weaveri Clark 

Pi tar arnoldi e theringtoni (Tegl and ) 

Tel1ina oregonen s i s  C onrad 

Ma coma tvilnensis Clark 

Spi sula albari a s cappoo s en s i s Clark 

Sp:i sula ramonen::i s a ttenua tta Clark 

Pan ope ramonenc :i s Clark 

Bruclarkia a cmninata (.Anders on and !1;�rti n )  

Perse a f  f .  1 i  nc olnem::i s ( '-Ieaver) 
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R OA D  LOG 

b y  

A l a n  R .  N iem , Robert Van Atta , Vaughn L iv ingston ,  and We ldon  W .  Rau 

The fi rst day of the fie l d  trip ( F igure 1 )  i s concerned w i th the upper Eocene to M iocene sed imentary 
a nd vo l can ic  rocks of the eastern port of the Coast Range i n  northweste rn Oregon and southwestern Wash
i ngton .  The route begins  i n  Portl and , Oregon , trave l s  on paved roads for a l l  but 1 . 8 m i l es of  the tr ip , 
and inc l udes a to l l  fe rry crossing  of the Co l umb ia R i ver from Puget I s l and (Cath l amet,  Wash i ngton) to 
Westport , Orego n .  A current  ( 1 972) schedu l e  of ferry cross ings i s  i nc l uded i n  the append ix . The first 
day of the trip term inates in Astoria , Oregon . 

T he second day of the fie l d  tr ip (F igure 1 )  exam ines l ate 0 1  igoce ne and M iocene sed imentary , 
vo l cani c ,  and i ntrusi ve rocks i n  the western part of the Oregon Coast Range and in exposures a l ong the 
coast . In add i t ion , Q uaternary beach and spit depos i ts are observed . T he route beg i ns i n Astor ia , Oregon , 
a nd te rm i nates i n  Port l a nd . 

The reader is re ferred to the te chn i ca l  paper w h i c h  precedes the road l og for a descr iption of forma 
t ions a nd pertinent geo log ic  information . 
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F I RST  DAY 

T ake U . S . H ighway 26 (C l ay Street) westward from dow ntown Port l a nd toward Seaside . 

Begi n m i l eage at V i sta R idge Tunne l . Tunne l passes through f lows of Yakima Basa l t  of th e 
Co l umb ia R i ver Group . A series of at l east s ix  fl ows are upfo l ded i nto the Por t l and 
H i l l s Ant ic l i ne .  D ips on the northeast s ide of the ant ic l i ne are genera l l y  l ess than  
1 5  degrees , bu t across t he  W i l l amette R i ver ,  no  more tha n  4 m i l e s  from t he  foo t  of  the 
Port l and H i l l s ,  the top of the Co l umb ia R i ve r  Group l ie s  a t  1 , 000 feet be l ow sea l e ve l , 
be nea th 700 fee t  of grave l ,  co ng l ome rates ,  and m udstones .  A l so , on the northeast 
f l a n k  of the Port l a nd H i l l s  Ant i c l i ne edges of basa l t i c  fl ows are trun cated , resu l t i ng 
i n  faceted spurs a nd very steep s l opes . Th ese s tra t igra ph i c  a nd topogra ph i c  ev idences 
(a l ong w i th grav imetr i c  and se i sm ic ev i den ces )  poi n t  to th e exi s tence  of a ma j or fa u l t .  

Outcrops of Co l umbia R i ver Group basa l t  i n  road cuts to r i ght . What appears as so i l  
i s  the Port l and H i l l s  S i l t ,  wh ich  i s  uneven l y  d i s tr i b uted espec ia l l y i n  topograph i c  l ows 
a cross the crest of t he Port l a nd H i l l s  An t i c l i ne .  I ts t h i c k ness var ies  from 5 to 70 fee t . 
The Port l a nd H i l l s  S i l t  is apparen t l y  unstrat i f ied , but i n  p l aces a few pebb l es are fo und . 
A l though Lowry and Ba l dw i n ( 1 952 )  and o ther  workers cons idered the Port l a nd H i l l s S i l t  
to b e  wate r- l a i d  and  o f  P l iocene age (predat i ng the fo l d i ng o f  the Port l a nd H i l l s ) ,  
T r imb l e ( 1 963 ) cons iders the Portl a nd H i l l s  S i l t  to be l oe ssa l a nd o f  l a te P l e i s tocene 
age . Work rema in s  to be done to estab l i s h  w i t h  ce rta i n ty the or i g i n  and age o f  t he  
s i l t .  Poss i b l y  a number of  l i tho l og i ca l ly  s im i l a r s i l t  u n i ts of  d i ffe r i ng  age s  and  env i ro n 
ments of deposi t ion  crop ou t  throughout t he northernmost W i l l amette Va l l ey a nd l ower 
Co l umb ia R i ver Vo l l ey . 

At 3 o ' c l o c k , not ice i n  the road cu t  the baked contact  between i n tra ca nyon basa l t  fl ow 
a nd under l y i ng pyroc l ast i cs of t he PI i o-P i e i s tocene Bor i ng  Lava . At l e a st t h ree vo l ca n i c  
vents a nd  cones c u t  t hrough the Co l umb ia  R i ve r  Group a l ong t h e  crest a nd southwest 
f l ank  of  the Port l a nd H i l l s  An t i c l i ne .  
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At 3 o ' c lock ,  note exit to Port l and Zoo and Oregon Museum of Science and Industry . 
Here up to 70 feet of Portl and H i l l s  S i l t  over l ies the Yakima Basa l t .  Duri ng wideni ng 
of the hi ghway i n  1 959, removal of the toe of the northern slope reactivated an o lder 
landsl ide . Extensive fractures and movements of several feet i n  some p l aces have en
dangered the bui ld ings of OMS I and the Portl and Zoological Gardens , Movements 
dur ing the spring ra iny season have averaged about five to six i nches per year . Recently 
a deep channel was d ug at the toe of the sl ide and was back-fi l led with basal t .  Dur ing 
the past spring ( 1 97 2) the sl ide appeared to be stabi l i zed , desp ite exceptiona l ly heavy 
ra ins . 

Underpass at Sy l van Rood; crest of Portl and H i l l s  Anti cl i ne .  

At 9 o 'c lock, notice Mount Sy lvania , a Bori ng Love sh ie ld  volcano, on the di stant 
skyl ine . Di ktytaxitic  basa l tic andesite flows from th is  vent under l i e  most of th e  topog
graphy on the south sky l ine . 

Road cuts on either side w ith outcrops of Boring Lava . Th i s  is probably from a vent 
immediate ly to the north , E l k  Poi nt . 

Road cuts in westernmost exposures of Boring Lava . These basa l t ic  andesite flows mantl e 
much of the western l imb of the Portl and H i l l s  Anti c l i ne .  The land surface to the north 
and south of the hi ghway is genera l ly a d ip s lope . 

J unction,  Oregon 2 1 7 ,  keep stra ight on U . S .  26 . At 3 o ' c lock is one of the pl ants of 
Tektronix , of Beaverton,  Oregon, wor ld-wide d istributor of osci l loscopes and other 
e l ectronic i nstruments . 

Upper terrace leve l . Severa l terrace l evel s are present on the P l io-P le i stocene fi l l  of 
the structural T ualati n  Bas in which you are now entering . Terraces poss ib ly were formed 
d ur ing P le istocene eustatic changes in sea leve l  which may have created a sound in th is 
region and in the Wi l l amette Va l l ey to the south . 

To the ri ght, on the far sky l i ne ,  notice the crest of the Port land H i l l s  Anticl i ne . Th i s  
i s  one of a series of  NW-SE trendi ng broad , gent ly  p l unging fo lds which under l ie  the 
region from the eastern edge of the Coast Range to The Dal l es on the Col umbia Rive r .  
They are capped w i th laterite and ferrugi nous bauxite be neath si l t . 

You are now trave l i ng over P l io-P le istocene s i l ts and sands wh ich fi l l  this structural 
bas in  in the Yakima Basa l t .  Some of the sediment may be equiva lent to the Sandy 
R iver Mudstone , Wel l l ogs in this region show no grave l s  character ist ic_ of those of 
the Troutdale Formation . 

H i storical marker.  "Joseph L .  Mee k .  T h is marks the land c la im of Joseph L .  Meek,  
famed and un lettered 'mounta i n  man' who arri ved  in  1 840 after driving from Fort H a l l  
to Wal la  Wal la in  the fi rst wagon o n  that part o f  the Oregon Trai l .  He was a founder 
of  the provi siona l government; served as the first marsha l l  and the first census taker . 
He carried the word of the Whitman massacre to Washington,  D .  C . , where President 
Pol k ,  whose wife was Meek ' s  cous in ,  received him . Named marsha l l  under the new 
territoria l  government, he accompanied Governor Lane to Orego n .  H is fi nal I ndian 
fig hti ng was as a so ld ier in  the Yak ima war, 1 855-56 . He died here i n  1 875 . A 
neighbor ca l l ed h i m ,  'very popu lar and as brave as J u l i us Caesar . "' 
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East Fork Dairy Creek . At 3 o ' clock , see the comparative ly  wide flood p la in  of the 
creek bui l t  on the bas in  fi l l  over which you are trave l ing . 

Road c uts for next 0 . 3  m i l e  i n  weathered Col umbia R i ver basa l t . Dips here are to the 
northeast; th i s  is  the western edge of the Tua latin structura l  basin .  

O n  left, road cut i n  muddy sandstone of the Scappoose Formation , overla in  by weathered 
basa l t . F lows of the Col umbia River Group buried the early Miocene topography in 
this region . 

On the l eft , cuts for the next 0 . 3  m i le  show pa le  yel lowish sandstone of the Scappoose 
Format ion (Ol igo-Miocene) overl a i n  by spheroida l ly weathered basa l t ,  Some white 
" boul ders" of l eached weathered basa l t  can be see n i n  the upper part of the cuts . 

On right , highest h i l l s  are capped by basa l t  flows overl ying the Scappoose Formation . 

On left , cut in hi l l side exposes the Scappoose Format ion and overlying weathered 
Col umbia R iver Basal t .  The Scappoose Formation reaches i ts maximum thickness of 
approximate ly  1 , 500 feet in th i s  region . I t  consists prin cipal ly  of fi nely cross-l ami nated , 
s i l ty arkose with l ess tha n 5 percent c l ay matrix, i nterbedded with subordinate high ly  
carbonaceous mudstone . Local l y  conglomerate i s  found i n  the  basa l Scappoose Formation, 
rest ing conformably on muddy sandstone and carbonaceous mudstone of  the Pi ttsburg 
B l uff Format ion . I n  the arkose, potash fel dspar is nearly as abundant as pl agiocl ase . 
Andesit ic rock fragme nts, vitrophyre, and a l i tt le vol canic gl ass make up most of the 
ba l ance of the framework gra ins . I n  the mudstone , pum ice and pebbles of basal t and 
a ndes ite are common .  In pl aces large amounts of carbonized wood are present in the 
m udstones . The Scappoose sed iments conta i n  abundant mol l uscan foss i l s .  

Manni ng . Junction with Hayward and P ih l  roads . Keep straight on U .  S .  26 . 

STOP 1 - 1 :  Pul l out on left i n  turnout . Road cuts here are i n  tuffaceous, m icaceous 
sandy mudstone of the Pittsburg B l uff Formation (Ol igocene) (see geologic map 
F igure 2) . Vol canic  g lass may constitute up to 50 percent of some of the 6- to 8-foot
thick mudstone beds here . Mo l l usks and carbonized wood are fai rly  commo n .  The 
yel lowish mottl i ng caused by weathering is very typi cal of the muddy tuffaceous sed i 
ments o f  the Pi ttsburg B l uff Formation th roughout the upper Neha lem River Bas i n .  S ix
i nch I i ght-gray tuffaceous c laystone l ayers are interbedded with the sandstone . Coarser 
sand is impressed i nto the c l aystone which d i srupts the strat i fi cat ion and produces a 
brecciated appearance . Brecciation appears to have been caused by load compactio n .  
This type of load deformation i s  common between sandier and muddier beds throughout 
the entire Te rtiary section in this region . 

Primary structure , except for a vague , discontinuous layer ing,  is a l most lacki ng 
i n  th i s  fac ies of the P ittsburg B l uff Format ion . The muddy sandstone appears to have 
been thoroughly reworked by burrowing orga nisms . Two mi les east of this loca l ity al ong 
the Spokane, Port land ,  and Seatt le  Rai l  road, the Pi ttsburg Bl uff Formation grades up
ward into coarse -grained pebbly sandstone, which is pum iceous and conta ins abundant 
p lant debris . The sandstone is over la in  loca l l y  by basal tic pebble to bou lder cong lom
erate at the base of the over ly ing Scappoose Formation . I n  th is region the Pittsburg 
B l uff Formation is about 800 feet thick . 

The Pi ttsburg Bl uff Formation appears to have been formed i n  a de l ta ic environment . 

On right , upper part of road cut is stained red by thorough weather ing of overly i ng 
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F igure 2 .  Geologic map of  upper Neha l em R iver basi n ,  northwestern Oregon, revised from Warren 
a nd Norbisra th ( 1 946) by Van Atta (1 971 ) .  
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basa l t  of the Col umbia River Group . Remnants of the basa l t  can be found in  low spots 
i n  the pre-Col umbia R iver Group topography carved in the ge ntly fo lded K eesey , 
P ittsburg B l uff, and S cappoose Format ions . At many places in th is  region basa lts of the 
Col umbia River Group rest d irectly on the Pittsburg B l uff Formation; the Scappoose 
Formation has been compl ete ly eroded away . Several basa l t ic  feeder d ikes rel ated to 
the fl ow or flows which once covered th is  immediate area are found nearby . The 
topography here on what< has been ca l l ed the Scofie ld surface (Van Atto , 1 97 1 a ,  1 97 1 b) 
i s  re latively gently rol l i ng .  It appears that a local fl ow on a stripped structural p lane 
protected the softer underly ing sediments unt i l  recent ly when weathering and erosion 
fina l l y  a l l owed streams to begi n d i ssection .  

On right, sma l l  pond in  trees is rel ated to one of  the number of  springs whi ch occur 
a long the contact between the re l atively impermeabl e Keesey Formation mudstones and 
the overlying s i l tstones at the base of the Pi ttsburg B l uff Formation . Al though fa cies 
changes are common throughout a l l  of the muddy Tert iary sediments of th is reg ion , the 
rel ati vely c lean, fine ly  lami nated l ith ic or arkosic si l tstone at the bose of the Pittsburg 
B l uff is  persistent for a number of m i l es north a nd south at this point . 

O n  left , road cut exposes tuffaceous mudstones of the K eesey Formation {upper Eocene -
early Ol igocene ) .  Limey concretionary beds ore promi nent in most outcrops of the 
Keesey Formation throughout northwestern Oregon whi le  the Pittsburg B l uff Formation 
in this port of the upper Nehalem R iver Basin rare ly  has concretionary beds . 

Sunset Tunne l , eastern porta l .  The uppermost part of the Keesey Formation, because 
of the presence of numerous concretionary beds, is much more resistant to eros ion than 
the mudstones of the middle part of  the formation or the overly i ng Pittsburg B l uff Form
ation . As a consequence , a promi nent ridge runs northeast -southwest in this area . 
Rai l roads must cross this ridge through tunne l s .  To the west the re l i ef is much more 
highly d issected , It is probable that the presence of coppi ng basa l t  flows on the 
S cofie l d  surface and the absence of such fl ows to the west of the ridge may account 
for the d iffe rence in topography . 

STOP 1 -2 ,  on left . Pit and pl ant of Empire Lite Rock Company i n  middl e member of 
Keesey Formation . The fossi l i fe rous, concretionary m udstone exposed here is typical  
of most of the Keesey Format ion throughout northwestern Oregon .  Dips ore consiste ntly 
southeast 1 0-1 2°  and the strike is  northeast . The midd le  member of the Keesey Forma
t ion is about 1 , 800 feet  thick in th is region . Mol l usks (Nemocard io weoveri i  and 
De l ectopecten) and foram ini fera are abundant in this quarry . For a l isting of foss i l s ,  
see appendix . 

Emp ire Lite Rock crushes the rock to nut-si ze and runs it through o i l -fired rotary 
k i l ns to produce a H to 2-i nch expanded briquette which con be crushed and used as 
I ight-weight aggregate for concrete bui ld ing blocks . C l oy present in the Keesey mud
stones is al most entire ly  expandabl e  montmori l lonite , Where the rocks ore exposed to 
a l ternate wetting and drying , s laking produces disi ntegrated moss of chips . 

Road cuts for the next 0 .5  m i le  ore i n  the m iddle member of the Keesey Formation . 

Lands l ide area for the next 0 . 4  m i le  i n  m iddle member of K eesey Formation . During 
wet seasons sl ides ore a conti nual problem in  the Keesey Format ion . Smectit ic  c l oys 
may make up from 35 to 40 percent of the rock,  which renders it very suscept ible to 
s l umping on oversteepened slopes where water i nfi l tration is  great . 

I n  the summer of 1 972 , the roadbed was widened and the s lope of the cuts reduced 
to stab i l ize the rood . 
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Bridge over Ne halem R iver .  T he contact between the l ower member of the Keesey 
Format ion and the upper sha l e  member of the Cow l itz Formation (upper Eocene) has 
been mapped in th is  v ic i n ity by Warre n and Norb i srath ( 1 946) based on the break 
between N ar izian and Refugian faunas . The nearly ident ica l  l ithol ogy of these two 
u ni ts ,  however ,  makes d i fferentiation i n  the fie l d  near ly  impossib l e .  Both are pre 
dom inant ly  m udstone . On  the basis  of l i thology it seems better to combi ne the mud
stones and sandy si I tstones of both the lower member of the Keesey Format ion and the 
upper sha l e  member of the Cow l itz Formation into the l ower K eesey (Figure 3) . The 
b reak between  Nari zian a nd Refugian faunas wou l d  then occur above the I i tho logic 
b reak within the newly  erected lower member of the Keesey Formatio n .  

J unction,  Timber-Vernonia Road . Turn right off U . S .  26 toward Vernonia . 

At 1 1  o ' c loc k ,  note l arge l a nds I ide scar i n  l ower member of the K easey Format ion . 
The sl ide area occurs i n  conj unction w ith a l arge fau l t  and undercutt i ng by the Nehalem 
R ive r ,  

On  left, stream bank across Neha l em River i n  l ower member of the Keesey Formation . 

O n  right, road cut in pi l l ow basa l t  a nd m uddy sandstone in  lower member of Keesey 
Formation , 

On  ri ght , large road cut i n  foss i l i ferous concretionary m uddy sandstone and s i l tstone 
of lower member of the K easey Formation . 

O n  left, a good view of C l ear Creek va l l ey . H ighest h i l l s  are i n  the Gob le  Vol can ics 
member of the Cowl itz Formation (upper Eocene) .  Th is was mapped as the Ti l l amook 
Vol canic Ser ies 0/1/arre n and others , 1 945) ,  but the uppermost group of basa l t ic  flows 
a re c lear ly i nterbedded with sed iments of the Cow l itz Formation, j ust as in the type 
l ocal ity of the Cow l i tz Format ion,  35 m i l es north . There , Henrikson ( 1 956) regarded 
the Goble  Vol canics as subordinate to the sediments of the Cowl itz and designated 
the Goble  as a member of the Cow l itz . A s imi lar  re l ationsh ip between basa l t i c  fl ows 
a nd sed iments exists to the south i n  the N estucca Formation (a l so upper Eocene ) .  

At 3 o' c lock on sky l i ne ,  Rocky Poi nt i s  an up-fa u l ted b l ock of Cowl itz Forma tion 
sandstones and si l tstones i nterbedded with o l ivi ne basa l ts of the Gob l e  Vol canics 
member .  The two l arge q uarries v i sib l e  near the top are i n  intrusive bodies of Goble  
Vol can ics basa l t .  

B ridge over Neha l em R ive r .  J u nction w i th C l ear C reek Road . K eep right on Timber
Vernonia Road . The west bridge abutment is  in dark bl u ish-gray fossi l i ferous, pumiceous 
m udstone of the lower member of the Keesey Formation . Fossi l s  here i ncl ude crustacea , 
mo l l usca , and abundant  forami n ifera . The beds strike N .  25 ° W .  a nd d ip a few 
degrees northeast . 

STOP 1 -3: Junction ,  Rocky Point Road , Park i n  fie l d  to left and wa l k  a l o ng lower 
road to Col umb ia County quarry . Here basa l ts of the Gob le  Vol can ics member are 
i nterbedded w i th bentonitic mudstone be l ow and bou lder conglomerate above , both 
of the Cowl i tz Format ion . The prese nce of pyrite , zeol i tes,  and ca l c ite i n  the upper 
part of the basa l t  unit  and the lower part of the conglomerate suggests a possib le  
i ntrusive rel ationsh ip . 

The Eocene brachiopod , Terebrata l ia ,  is fou nd with oysters and other pe lecypods,  
gastropods,  hexa cora l s ,  fish teeth, a nd some unidentified vertebrate bane fragments i n  
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F i gure  3 .  G eo log i c  ma p of pa r t  of  the u pper N eha l em R iver ba s i n ,  Oregon . S t i pp l ed area or i g
i na l l y mapped as Cow l i tz Forma t ion by Warren a nd Norb i sra th ( 1 946) consi dered par t  of Keesey 
Format ion by Va n A tta ( 1 971 ) .  
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the pebbly parts o f  the cong l omerate . Foss i l iferous bou l der conglomerates are common 
in many pl aces in the upper Neha l em River bas i n  where the Goble  Vol can ics member 
is  interbedded with sed iments of the Cow l i tz Formation . At some loca l i ties a l ong 
C l ear Creek , p i l low structure and admixed masses of p l astical ly  deformed m udstones 
a re fou nd in basa l t  intrusions and flows which were contemporaneous with Cow l i tz sed i 
me ntation . See appendix for l ist o f  fossi l s .  

On  left , a few l ow road c uts,  for the next 0 . 9  m i l e ,  expose l i ght-co l ored med i um - to 
fi ne -gra i ned arkose of the sandstone member of the Cow l i tz Format ion . Most outcrops 
of the arkose show l ess than 5 percent matrix and are h igh ly  permeabl e .  The sandstone 
contai ns a fa ir  amount of p lant  debris but is otherwise unfossi l i ferous . 

J un ction, turn left to Vernonia on Oregon H ighway 47 . 

E ntering Vernon ia . 

On  the right , j ust before Rock Creek bridge i n  downtown Vernonia , see one of the o l d  
Long-Be l l  Lumber Company' s  steam locomotives . I n  the early days of  logg ing,  cont inu
ing up to the 40' s ,  many m i les  of ra i l road were the ch ief  means of bring i ng logs to  the 
m il l .  

J unction, Keesey Road , to type l oca l i ty of Keesey Format ion . K eep stra ight on Oregon 
H ighway 47 . 

On left ,  road c ut i n  K eesey Format ion . 

Bridge over Nehalem Rive r .  J unctio n ,  Pebble Creek Road . Turn l e ft on Oregon H igh
way 47 to Mist . 

On right , hi l l s  across f lood p l a i n  of N ehalem R iver composed of the Pittsburg Bl uff 
Format ion . Topography i n  the more competent sandstones and sandy mudstones of the 
P i ttsburg B l uff shows more re l ie f  than in the incompetent m udstones of the K eesey 
Formation to the l eft (west) . The road more or less fo l lows the contact between the 
two format ions for seve ra l  m i les . 

The h ighest h i l l stra ight ahead i s  i n  basa l t i c  fl ows of the Col umbia R i ver Group . 

J u nction with Keesey Road ( l eft ) .  Keep stra ight on Oregon H ighway 47 . 

O n  right , across N ehalem R iver,  outcrops of P i ttsburg B l uff Formation . This is part of 
the type loca l ity . 

On l e ft ,  Pittsburg Forest G uard Station,  State Department of Forestry . This  is the site 
of the ol d logging town of P i ttsburg . Crown Z e l l erback ' s  Peter Stamm Tree Farm Head
q uarters is here . 

J unctio n ,  Crown Zel l erbach private main l i ne road . Keep stra ight on Oregon H ighway 
47 . Most loggi ng compa n ies have the ir own system of roads , many of which have ex
tensive cuts, mak ing fie ld  work for the geo log ist m uch easier than  in the past . A l together 
Tert iary formations of th is region are much better revea l ed along the newer logg i ng roads 
than a l ong the h ighways and streams . 

Bridge over East Fork Nehalem Ri ver . Junction , Scappoose Road . K eep l eft on Oregon 
H i ghway 47 to Mist . 
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STOP l -4: Pul l off on l eft shoulder and wa l k  back to road cuts on r ight . BEWAR E of 
traffic . This is  near the base of the Pittsburg B l uff Formation . The tuffaceous and 
a rkosic sandstone is  mass ive to fine ly cross-l am i nated , Fossi l  mo l l usks , wood , and 
some coa ly  materia l  are common . Al ong Coal  Creek , in the v ic in ity of Vernonia , 
l ign i t ic  coal was m i ned i n  the past for local consumption . Where mol l uscan rema ins 
a re common, the sandstone tends to be concret ionary and g lauconit ic .  Some l am i nae 
are a l most entire l y  gl auconite . The fauna of  the Pittsburg B l uff Formation has been 
stud ied i ntensively in t his  area dur ing the past 80 years . Dol l ( 1 909) fi rst described 
t he fauna here i n  corre l ating these rocks with the "Miocene(s i c )  of Coos Bay " . 

The arkosic sandstones of the P ittsburg B l uff Formation appear to be restricted to 
the type loca l i ty and v ic in ity . E l sewhere, the rocks tend to be sandy mudstones and 
s i l tstones , East of the Neha l em R i ver between Pi ttsburg and Vernonia chaot ic  beddi ng ,  
congl omerates, intraformational sedi mentary brecc ias contai n ing mudstone bl ocks up to 
3 feet  i n  l ength , torre nt ia l  cross-bedding , and cut-and-fi l l structures are common i n  
the Pittsburg B l uff Format ion . Warren and Norbisrath ( 1 946) considered the fauna to be 
i nd i cative of a brackish water enviro nment . It seems probable that the format ion is  of 
de l ta i c  origi n .  

O n  right, h ighest h i l l s  on  sky l i ne are in Col umbia River Basal t .  At many poi nts , the 
S cappoose Formation, which strat igraphical l y  underl ies the basa l t ,  is m issing and the 
Col umbia River Basal t rests upon the P ittsburg B l uff Formation.  

On  the right, road cuts i n  sandy mudstone of the Pittsburg B l uff Format io n .  This  i s  
identical to  the rock type seen a t  the first stop on  the Sunset H ighway (U . S .  26) . The 
yel l ow mottl ing,  mol l uscan fossi l s ,  carbonized wood , a nd high perce ntage of vo l can ic  
g l ass are the same . The  road fol l ows the flood p la in  of  the N eha l em River for a number 
of  m i l e s  where the Neha l em R iver flows westward . The course of the N ehalem nearly 
describes a ful l c irc le as i t  c i rcumscr ibes the up l i fted mass of upper Eocene vo l canic  
a nd sed imentary rocks south and west of  the upper Neha l em River basin and very close l y  
fol l ows the contacts between the Cowl i tz a n d  K eesey Formations and the over ly ing 
Pittsburg B l u ff Formation . The lower reaches of the r iver are w ith in  8 . 5  mi les of its 
headwaters . The Sal monberry R i ver,  a ma jor tr ibutary , flows westward i nto the lower 
reaches of the N ehal em a nd has i ts headwaters l ess than ha l f  a m i l e  from the headwa ters 
of  the Neha l em Ri ver . Another ma jor tributary , Rock Creek,  which fl ows eastward 
and empties i nto the N ehal em at Vernonia , has i ts headwaters only 4 . 5  m i l es from the 
m iddl e reaches of the Neha l em (see i ndex map , F igure 2) .  

J unction,  Apiary-Ra in ier Road . K eep stra ight on Oregon H ighway 47 to Mist . 

O n  right, road cut i n  bioturbated mudstone , l ower P i ttsburg B l uff Format ion . At far 
end of cut a th in  l e ns of pum iceous c l aystone crops out at eye l eve l . 

On  right , l arge road cut i n  lowermost part of P i ttsburg B l uff Formation exposes a muddy , 
fine -grai ned arkosic  sa ndstone . The rock is fine ly cross- laminated,  with th in  sha ly  
l enses .  P lant fragments are abundant . Abrupt facies changes , such as that between 
this  exposure and the previous one , are common in these Tertiary format ions . 

On  l eft, across N ehal em R iver, l ight -co lored b luffs vis ib le for the next 0 , 7  m i l e  are 
outcrops of the Keasey Formation . This  is the l oca l ity near Mi st ,  Oregon ,  where 
cri noid ,  asteroid , and coral foss i l s  are found (Moore and Vokes, 1 953) . See appendix for 
for l ist of foss i l s .  
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J unction with Burns Road . Keep stra ight on Oregon H ighway 47 . The Mist crinoid 
local ity can be reached by cross ing bridge and wa l k i ng upstream a long r iver bank . 

Mist .  Junction with Oregon H ighway 202. Keep right on Oregon H ighway 47 to 
C l atskanie . 

At 2 o ' c lock,  outcrop across a steep-wal l ed canyon is i n  the P i ttsburg B l uff Format ion . 
I ncompetent mudstones here al low the deve lopment of a very rugged rei ief once streams 
manage to erode through the overl y ing Col umbia River Basa l t .  

On  left,  for the next 0 . 6  m i l e ,  road c uts are i n  sandy m udstones o f  the Pi ttsburg B l uff 
Formation . The str ike here is east-west, and d ip  is 1 5  degrees north . There is a fa int 
d iscont inuous l ayering which marks the bedding pl anes . For the most part the thickest 
beds are b ioturbated . C l asts of cl ay and coarse pum i ceous sandstone with l eaf fragments, 
worm-bored carbonized wood , mol ds of mu l l usca , pumice pebbles,  and an overa l l yel low 
mottl i ng make these beds al most identical  to those at the fi rst stop on U . S .  26 , except 
that this m udstone has more carbonized materia l . 

On  left , beds of upper P i ttsburg B l uff Formation show better strati fication than i n  road 
c uts j ust passed . The strike conti nues east-west , but the d ip  i s  steeper, 25 degrees north . 

On  left i n  road cut,  sandy, pebbly m udstone of the P ittsburg B l uff Formation w ith much 
brown p lant debr is  is  i nterbedded in its upper part with sandy pebble  conglomerate of the 
S cappoose Formation .  Discoidal c l asts in the conglomerate are m udstone and muddy sand
stone, probably derived from these same beds nearby . The sandy pebbl e cong lomerate 
beds and l enses are quite th i n  (4 to 8 inches) and are i nterbedded with arkosic muddy 
sandstone . Arkose of the Scappoose Formation l ies above the Pittsburg B l uff Format ion , 
T he change i n  l ithology between the two formations here is ana logous to that i n  the 
B uxton-Manning area , w hich was passed in the early  part of this  trip (mi l e  25 . 6 ) .  

J unction ,  Enterprise Road . Keep stra ight o n  Oregon Hwy . 47 . 

STOP 1 -5 :  E ntering area of large l ands l i de .  I n  the spri ng of 1 972 the entire road 
section here was swept away; the sl ide extended down the gu l ly  to the l eft for hundreds 
of  yards . The first step in restor ing the road was to d ig  out the muddy sand in the upper 
part of the s l ide and back-fi l l  w ith p it-run bri ckbat-joi nted Col umbia R i ver Basa l t .  
Paving was restored and the next step , a t  the t ime o f  th is  writing (September, 1 972),  i s  
to redu ce the sl ope o n  the c uts to the ri ght o f  the road . The rock here i s  uncemented , 
h igh ly friabl e ye l l ow ish m icaceous l ith ic  arkose of the Scappoose Format ion . The beds 
are up �o 1 2  feet th ick a nd fa i nt ly cross- laminated . No fossi l s  other than l eaf and 
wood fragme nts are present . 

J unction, Conyers Road . K eep strai ght on Oregon H ighway 47 . Road cuts on left for 
the next 0 . 7  m i l e  are i n  yel l owish cross- laminated arkose of the Scappoose Formation . 

On  left i n  road cut,  brickbat-jointed Col umbia R i ver  Basa l t  l ies i n  a low in  the pre 
Col umbia R iver Group topography , w h ich was eroded into the upwarped Scappoose , 
P ittsburg B l uff, and Keasey Format ions i n  northwest Oregon . 

On left ,  road c ut i n  Col umbia R i ver Basa l t  and Scappoose Formation arkose . The contact 
is not very d ist i nct but can be seen toward the upper end of this sma l l  cut .  For the next 
0 . 4  mi l e  road cuts are in arkosi c  sa ndstone of the Scappoose Format ion .  
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O n  l e ft ,  road c ut i n  col l uvi um and so i l ,  Col umbia R i ver  Basa l t ,  and Scappoose Format ion . 

On l e ft ,  road cut i n  Col umbia R iver Basa l t . 

O n  l e ft ,  road cuts i n  pebb l y  arkose of S cappoose Format ion . 

Longv iew F ibre Tree Farm . 

On l e ft i n  road cut , o l d  l ands! ide has incorporated l arge unweathered b locks of basa l t  
a nd arkos i c  sandstone m ixed w ith thorough ly  weathered ves i cu lar bou lders and cobb le s  
of  basa l t . 

O n  l e ft ,  road cut show ing vert i ca l  contact between Col umbia R i ver Basa l t  and arkosi c  
sandstone o f  Scappoose Formatio n .  Notice the undu l at ing contact , wh ich  appears as 
a n  embankme nt aga inst wh ich  the basa l t  flowed . Th i s  i s  an exce l l ent exampl e  of  the 
burial of the old topography by the basa l t i c  l ava fl ows . 

On l e ft ,  l arge road cut i n  mott l ed sandy mudsto ne , L i tho logica l l y  th i s  is the same as 
the sandy mudstone of the P i ttsburg B l uff Formation e l sewhere . Here Fa l l  C ree k ,  on 
r ight , has apparent l y cut down be l ow the Scappoose Formation i nto o lder  beds . To the 
southeast , on Conyers C reek , Warren and others { 1 945) corre l ated congl omerate and 
mass ive sandstone beds w i th the Gries Ranch Formation of the earl y 01 igocene of south
west  Wash i ngton .on the bas is  of faunas " un l i ke those of the K eesey Formation a nd o l der 
than those of the P i ttsburg B l uff Format ion"  {Ba l dw in , 1 964, p .  1 4) .  

Road junct io n ,  keep stra ight on Oregon H ighway 47 . Road cuts revea l cross-l ami nated 
a rkosi c sandstone w ith  l a rge fragments of carbon ized wood , l eaves ,  a nd l am i nae of 
b l ack  carbon . L itho log ica l l y  this l ooks l ike the S cappoose Formation , but i t  wou l d  be 
too low strat i graph ica l ly  cons ider i ng  the prev ious road cuts i n  P i ttsburg B l u ff m udstone . 

On  r i ght i n  sma l l quarry , sa ndy cobb l e  cong lomerate is ove rl a i n  by pa l e  ye l l ow i sh , 
mott l ed sandy mudstone wh i c h  l ooks a great dea l  l i ke the P i ttsburg B l uff mudstones . 
Foss i l s  are not reported here , a l though deta i l ed work m ight revea l some . Th i s  may 
corre l ate w i t h  the Gries Ranch -age congl omerate and m udstone a l ong Conyers C reek , 
l ess than 2 m i l e s  to the southwest . However , 0 . 2 mi l e  from here toward C l atskan ie , 
t h i s  cong lomerate appears to overl ie the Co l umbia R i ver Basa l t and there fore probab ly  
i s  part of t he  Troutda l e Format ion . 

Ho l es have bee n excava ted i n  the cong l omerate by agate hunte rs who have more 
courage than most o f  us . Q uartz i te  pebb l e s  and cobb l es are prom i nent i n  the cong lom
e rate but are  not a s  abundant as i n  t he  Troutda l e Format ion i n  the St . He l ens area 
southeast of here . The most  abundant c l asts are vo l can i c  rock fragments o f  basa l t  a nd 
a ndes i te . 

On  r i ght , more cong l omerate i n  road cut . 

C l atska n ie  c i ty l im i ts .  

J u nct ion  w i th U . S .  H i ghway 30 .  Turn r i g ht on U . S .  3 0  to Ra i n ie r ,  Oregon . 

B ridge ove r C i atskan ie R i ver . l n N E t of se c .  36 , T .  7 N . ,  R .  4 W . ,  Co l umbia 
County ,  Oregon  on  Conyers C reek about 3 m i l es south of C l atska n ie ,  in  1 945 the 
Texaco Com pa ny dri l l ed C la tska n i e  no . 1 to a to ta l depth of 5 , 650 fee t  (see F igure 4,  
i n  poc ket) . 
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N ewton ( 1 969) reports the fo l l owing  wel l data :  " Oi l y  odor in vol ca n i c  brecc ia  730-
700 feet ,  no cut (cou l d  have been contami nat ion) , Gas and o i l  show 1 394-1 401 feet ,  
Gas show 2 1 59-21 70 feet . L ight ye l l ow ether cut from sampl e 5 1 1 4-5 1 46 feet . Core 
had no odor . No formation tests run . Reamer stuck  in the ho l e  at 5640 feet .  Ho le  
had  to be  abandoned . "  

O n  l e ft h i gh i n  road cut ,  l a ndsl ide scar i n  cong lomerate and mudstone . 

O n  left i n  l arge road cut ,  muddy arkos ic  sandstone is fine ly  l am i nated , conta i ns c l ay 
c l asts , and some we l l -sorted , h i gh l y  pol i shed , we l l -rounded pebb l es i n  d i sconti nuous 
l ayers . About ha l f-way up the road grade a l arge p iece of carbon ized wood w ith some 
coa l y  materia l  in a th i n  bed be l ow it  ca n be seen near  the road l e ve l . 

J unction . lost C reek Road . K eep stra ight on U . S . 30. The road now enters the broad 
Beaver  Creek va l l ey atop fl ows of the Co l umbia R i ver  Group . 

Br idge over Beaver Creek . 

Road cuts in br i ck-red so i l  der i ved from Col umb ia R i ver Group basa l ts , 

At 1 1  o ' c l ock , excel l e nt overv iew of longv iew bridge , The road descends from here 
to Ra in ier ,  Oregon . On the r ight ,  road cuts are fi rst in Col umbia R i ver  Group Basa l t  
( i n  p l aces possib ly  l ater tha n  Yak ima ) and then i n  Gob l e  Vo l can i cs . A t  the upper and 
l ower e nds of the road cut , fans of co l umnar jo int ing are v i s ib l e .  N ear the exit to the 
br idge , dark foss i l i ferous sandstone of the Cow l itz Formation crops ou t .  

Exit  t o  longv iew Br idge . T u m  right and cross bridge , On the ri ght a t  1 to 2 o ' c lock 
i s  the Port of longview(Washington ) .  On  the l e ft at 1 0  o ' c l ock is  the Reyno lds Meta l s  
Compa ny a l umi num reduction p l ant  and Weyerhaeuser  l umber ond paper m i l l s .  Br idge 
i s  h i gh enough that ocea n -go ing steamers ca n pass underneath on the i r  way to and from 
Port l a nd ,  Orego n ,  one of the mai n west-coast seaports . 

East end of the longv iew br idge . The l ow h i l l s  strai ght ahead are cal l ed Col umbia 
H e i ghts; they are underl a i n  by the Cowl i tz Format ion and capped by Co l umbia R i ver 
Basa l t . The l ow h i l l s  at about 1 o ' c l ock make up Mount Brynion . They are under l a i n  
by  the Cow l itz Format ion and  capped by the Gob l e  Vol canics , The Cowl i tz R iver enters 
the Co l umbia R i ver va l l ey at  about 1 o ' c l ock a nd makes one l arge meander to the east 
before enter i ng the Col umbia R i ve r .  The Cowemo n R i ver  ente rs the vo l l ey of the 
Co l umb ia R i ver at about 2 o ' c l ock . The Coweman i s  a m uch sma l l er r i ver , running 
para l l e l  to the Cow l itz for about 2 m i l es before i t  enters the Cow l itz one m i l e  from the 
Co l umbia R iver . Because the three r i vers are about the some e l evat ion as the longview 
a nd K e l so business d i stri cts,  l evees have been  bu i l t  by t he  U . S .  Corps of Eng i neers to 
p revent fl ood ing . The Co l umb ia R iver s i l ts up rap id l y ,  and as a resu l t  t he Corps has a 
cont i nuous dredging program on the r iver  to ma inta in the c hannel depth that is ne cessary 
to a ccommodate ocean-go ing vesse l s .  The overage d i sc harge of the Col umbia R i ver at 
longv iew is est imated to be i n  excess of 25 0 , 000 cub i c  feet  per second , Peak d i scharges 
at  the Da l l es dur ing the fl oods of  1 894 and 1 949 were 1 • 250 m i I I  ion and 1 • 01 0 m i l l ion 
cub i c  feet per se cond respec t ive ly . At  K e l so ,  the d i scharge of  the Cow l i tz R i ver i s  
8,  772 cub ic  feet per second , a nd the Coweman d i scharge i s  380 cub i c  feet per se cond . 

T raffi c s i gna l  on Oregon and I ndustr ia l Way , turn ri ght on  I ndustr i a l  Way . E l eva t ion 
i s  about 1 0  feet above sea l eve l . Dur ing  norma l runoff ,  the Co l umbia R i ver su rfa ce is 
a t  about 1 0  feet  a l so .  The r i ver at t h i s  po i nt i s  a ffected by the t ide , so its surface 
e l e vat ion va ries from t ime to t ime dur i ng the day . 
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Turn l eft o n  3rd Avenue . 

T urn l e ft o nto H i ghway 43 2 e ntrance ramp toward Vancouver . Heed east toward 
I nterstcte 5 .  

On l e ft i s  the l e vee , wh i c h  was bu i l t  i n  1 923- 1 924 a l ong the we st bo nk of the Cow l i tz 
R i ver . T h e  fi l l  used to make the h i ghway over wh i ch we ere trave l i ng was dredged from 
the ri ver by the Corps of E n g i neers . The fi l l  i s  most l y  sa nd e nd has very l i ttl e grave l 
m i xed w i th i t .  

Approach to t he Cow l i tz R i ver br idge . F i l l leading  to the bridge is made up of sa nd 
d redged out of the Col umbia R i ver . 
Left toward Seatt l e . Heed toward the I orge rood c ut at 1 2  o ' c l ock to 1 o ' c l oc k . 

Overpcss
_
over I nte rstate H i ghway 5 .  

Conti n ue to the l e ft o n  the Rose V a l l ey-Carrol l ' s B l uff h i ghway . 

U nder overpass e nd turn to the l eft onto the road that para l l e l s  I n terstate 5 ba ck to the 
north toward Ke l so .  
S T O P  1 -6: Pork on I crge p u l l -off at north e nd of rood cut . The outcrops o n  the east 
s ide of the i nte rcha nge expose severa l fa ul ts e nd d i ffe re nt l i tho l ogies  of the Gob l e  
Vo l ca n ic s  (F igure 5 ) .  Begi n n i ng at the south  e nd of the rood c ut end go ing nort h ,  the 
geo l ogy i s  as fo l l ow s:  a l tered basa l t ,  part appears to be po l ogon i t i c  end may hove 
p i l l ow structures i n  i t  near the top of cut . Bel ow i t  i s  a harde r ,  fresher basa l t  that i s  
proba b l y  a d i ke o r  s i l l . T he more a l tered port o f  the fl ow i s  shot fu l l o f  wh ite ve i n l ets 
o f  cal c i te e nd zeo l i t i c mate r ie l . A hundred fe et north from the beg i nn i ng of the road 
c ut ,  a conta ct i s  crossed be twe e n  the soft a l tered basa l t  end a co l um nar basa l t .  The 
col umnar basa l t  i s  l ess a l tered e nd more res i sta n t . I t  i s  e ve n l y  ves i c u l a r  t h roughout and 
l ooks  I i ke a d i ke , but it may be a fl ow . The col umns g i ve t he impression that the body 
d ips to the so uth . A I terc t ion a l ong the south contact zone has prod uced a I ight  gre e n  
to brow n c l ay .  The co l umns  ere extreme l y  we l l -deve l oped where the i r  cross sect i ons 
e re exposed at t he northernmost exposure of th i s  u n it . The north e nd of the co l um nar  
basa l t  i s  trun cat ed by a fa ul t that  runs  ve rt i cal l y  up the h i l l . N orth of t he fa u l t  there 
i s  a sma l l wedge -shaped s l i ver of sa ndstone at the base of the road c u t ,  and a soft , 
a l te red , i rregul ar l y jo i nted basa l t  i n  the upper port of the cut . The sandsto ne a nd 
basa l t  ere bounded on both s i des by fa ul ts . Nort h  of the soft , a l tered , i rregu l ar l y  
jo i nted basa l t , wh i ch may strike north -nort hwest e nd d i p  so ut heast , i s  a soft , b l ack , 
a l tered bcso l t that co nta i ns abundant no rth-sout h -str i k i ng ,  east -dippi ng shear p l a nes . 
Some th i n  i nterbeds of tuff a nd carbo naceous sha l e  are prese nt and s l i ckensides are 
abund a nt . N ort h of the basa l t  is a contorted a nd sheared sandstone and carbona ceous 
sha l e . The sandsto ne e n c l oses a l e ns of a l tered b l ac k  basa l t ic  sa ndstone near the bose 
af t he cut . At t he north end of the sa ndsto ne i s  a nother fa u l t . The carbonaceous sha l e  
beds , wh ich  are west-di ppi ng here , are eas i l y  see n . A t  the north e nd o f  t h is u n i t  i s 
yet  a nother fau l t  that separa tes the sed i me ntary rocks from a mass i ve da rk , soft , a l tered 
f low breccia  and vo l ca n i c l a st i c  roc k .  T h e  ma i n  j o i nts str i ke about 40° east  e nd d i p 50° 

northwest . Sphero ida l weather i ng and shea r i n g  i s  common . T h is i s  pro ba b l y  a fl ow that 
spi l l ed out o nto the fl oor of the Eo cene sea . 

O ver the top of the bedrock i n  t h i s  road cut i s  a remnant o f  the T routda l e  Forma t ion . 
T he l i tt l e  c i rque -l i ke bow l i n  the upper s l ope above t he bedrock i s  the resu l t  of a l a nd 
s l i d e  i n  the T ro u td a l e  un i t . The T routda l e  Format ion has been dated as P l iocene , usi ng 
l ea f  foss i l s  at i ts type l oca l i ty .  In the K e l so -Long vi ew area it  is made up of two members -
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Mop Thi ckness 
Age Formation Lithologic character symbol (feet) 

A l luvium Grove l ,  sand, and silt deposits AI 250+ 
along streams. lnclud�s peat 

Recent bogs in the Columbia vol ley 
west cf longvii!w. 

Unconformity. 

landsl ide debris Heterogeneous mi xture of detached ls 
Tertiary bedrock and Quaternary 

Pleistocene 
deposits . 

Unconformity. 

Terrace deposits Fine sand ond si lt  along the Ot 160± 
Cowl i tz ond Coweman Rivers. 

Uncon formity. 

Post -T routdo le N\ossive l ight-brown c layey s i l t ,  40± 
si lty cloy upper port; and red to mottled 

red and gray heavy s i l ty c loy, 
lower port. In most places has 

Pliocene 
o gibbsitic pisol itic zone ot bose . 

Unconformity_. 

Troutda le Formation Poorly consol idated conglomerota, 
gritstone, sandstone, and claystone . 

Tt 900 
Scattered quartzite pebbles end 
cobbles ore diagnostic of the 
formation. 

Unconfor mity .  

Co!umbio River Dense block aphaniti c basa l t, Tcr 1 , 400± 
Basalt vesicular in port, columnar and 

blocky jointed, and containing 
Miocene occasional sandstone and con-

glomerate interbeds. Gives 
way to marine sediments to the 
west. 

Unconformi ty. 

O l igocene Oligocene Massive dark- to l ight-sray To ? 
sedimentary rocks si l tstone. 

--

Eocene- · Goble Basaltic flows, flow breccia, Tgr 1 , 000± 
Ol igocene Volcanics pyroc lastic materiel, and 

in terca lated sedimentary beds. 

Cowlitz Massive to thin -bedded arkosic Tc 1 , 800+ 
Formation sandstone, s i l tstone, and shale, 

also some conglomerate, gritstone, 
end volcanic sandstone. Contains 

Eocene cool loca l l y .  Formation is  coorser 
to the east. Basa ltic unit, which Tcv 
is mode up of flows, pyroclastic 
and sedimentary rocks, interfingers 
from south . 

Older Eocene light-sroy-weothering, soft, Ev ? 
volcanic rocks chloritized basal t  flows. 

I NTRUSIVE IG NEOUS ROCKS 

Post-cowlitz D i kes and pi •Jgs Basaltic dikes and g l ossy basalt ic  Ti  
£Lugs. 

Tertiary 
Hypabyssal Monzonite to quartz monzonite Tig 

intrusive plug .  

F i gure 5 .  S tra tigraph i c  sequenc e 1 n  th e K e l so-Ca th lamet area , Wash i ng ton . 
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a lower cong lomerate member a nd  an upper sandy member.  The Troutda l e  is a va l ley
fi l l  unit a nd remnants of it can be found pl astered aga inst the wal l s  and up the side 
val leys of the Col umbia R iver val l ey .  I t  is characterized by the presence o f  abundant 
quartzite pebbl es that probably were derived from northeastern Washi ngton . 

Turn right onto Ke l so Drive and conti nue north . 

Road cut is i n  vo l canic l asti c rocks or flow breccias of the Goble Vol canics . Beds 
str ike about north 45° east and dip 1 0° to 1 5 °  to the southeast , 

O n  the right is a good exposure of a vol canicl ast ic  roc k ,  typical of the Goble Volcanics, 
overly i ng a I ight-tan friabl e sandstone that is typical  of the Cowl i tz Format ion . The 
contact between the Cowl i tz and the Goble  is typi fied by an i nter-fingering rel at ion 
where the sandstone beds of the Cowl itz gradua l l y  decrease in  number upsection and 
g ive way to vol canic rocks of the Gobl e . 

On the right are outcrops of o d irty basal t ic  sandstone to gritstone . 

On the r ight are outcrops of I ight-tan sandstone of the Cowl i tz Formation underly ing 
the basa l t ic  sandstone . 

Tuffaceous or basa l ti c  sandstone to gritstone under la in  by the typ i ca l ly l ight-tan sand
stones of the Cowl i tz . From here northward to the c ity of Castle Rock (about 9 m i l es) ,  
the road cuts are primari l y  i n  Cowl itz Formation sandstone . The sandstones are genera l l y  
deep ly  weathered and friable .  The shore l i ne o f  the sea -at the time this  material was 
deposited was just s l i ght ly to the east , probably not more than a m i l e  and a ha l f  to 2 
m i les away . The fossi l s  found in these sands are marine to brackish water types such as 
c l ams , oysters, and sna i l s .  The fossi l s  i n  the area are poorly  preserved and very d i ffi cu lt  
to find , I n  most cases,  the she l l s  have been l eached away and a l l  that remai ns is the 
externa l cast . Enough fossi l s  have been found , however ,  to defi nite ly  date the format ion 
as upper Eocene . 

I ntersection with I nterstate 5 .  W I TH CAUT I ON cross I nterstate 5 .  To the right , after 
crossing, one of the common probl ems that beset highway construction in western Oregon 
a nd Washi ngton can be seen,  that is, slope fa i l ure . In th is case , the l andsl ide has been 
buttressed by us ing large chunks of co l umnar basa l t  to shore up the toe of the s lope to 
prevent further movement . 

On the right is b lack , sl ight ly a l tered basa l t  w i th fa ir ly good col umnar joint ing . This  
is a flow within the Cow l i tz Formation . Typ ical ly  the flows in  the Cowl itz are th i n ,  
vesicu lar , and hove scor ioceous tops . They ore hypocrysta l l i ne a nd cumu lophyric . The 
groundmass is in terser to I to in tergra nu lor . Average m i n  era log ic composi tion is p logioc lose, 
48 percent; augi te , 28 percent; g lass, 12 percent; opaque grains,  9 percent; and a l teration 
products ,  3 percent . This is for e l f  practica l purposes identica l to the Goble . 

Bridge over the Coweman R iver . Note the l evee on the north bank of the river and 
how much lower the go l f  course is than the river l evel , levee was constructed from 
dredge spoi l  i n  1 9 1 5 .  The pond i n  the go l f  course is a remnant of a stranded meander of 
of  the Cowl i tz R iver .  Air photos of th is area show numerous meander scars left by the 
Cowl itz River .  

Turn to the left on to Mi l l  Street.  
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Turn right on 4th Avenue . 

T urn left onto Cow l itz Way (Wash ington H ighway 4) . 

Cross Cow l itz R i ver . Notice that the road goi ng up the west bank of the Cow l itz R i ver 
i s  on top of the l evee . The hi l l  to the r ight is  Col umbia He ights , Base of the hi l l  i s  
made up of Cowl itz Formation vol can ic  rocks, m i ddl e part is  made up of Cowl itz Formation 
sandstone , and top is  capped by Col umb ia R i ver Basa l t .  Get in r ight lane,  preparatory 
to turn ing to the r i ght on H i g hway 4 to Long Beac h ,  Washingto n .  

Turn r ight onto O cean Beach h ighway . 
E ntering Longview, Wash i ngton . 

O n  left i s  Lake Sacajawea , named after the famed I nd ian  l ady who hel ped guide Lewis  
a nd Cl ark on their expedit ion to the  Pac i fi c  Ocean . Lake Sacajawea i s  a stranded 
oxbow of the Cowl itz R i ver , and l oops to the south a nd southeast for about 1 !  m i l e s .  
The city o f  Longview has constructed a park o n  both sides a l ong its ent i re l ength . 

Ahead at 1 2  o ' c l ock i s  Mount Solo . Th i s  h i l l  was left stranded by the Col umbia R iver 
a s  it  downcut i ts va l l ey ,  probably during ear ly Pl iocene times . At one t ime the river 
ran on the north side of the mounta in . The base of Mount Solo i s  in Cowl itz vol canics,  
wh ich are petrographical l y  i nd isti ngu ishab l e  from Goble  Volcani cs . The m idd le  part 
of the hi l l  is made up of Cowl itz Formation sandstones ,  and the top is  capped by Col um 
b ia R i ver Basal t .  The deep road cut that can be seen at the east end of the h i l l i s  
e ntire ly  i n  Cow l itz vo l canics . 

Junction of 38th Avenue and the Ocean Beach H ighway . Stay on the h ighway . 

At 9 o ' c l ock , terrace midway up Mount Solo i s  a l andsl ide , 

Top of levee . Levee was bu i l t  i n  1 923- 1 924 and i s  made up of sand and s i l t  dredged 
from the Col umbia R i ver . 

Ahead at 1 o ' c l ock , near the midd l e  of the h i l l  at the top of the quarry cut , the uncon
formabl e  contact betwee n the Col umb ia R iver Basa l t  and the under ly ing sandstones of 
the Cow l itz Formation can be seen . 

At 1 o ' c lock to the right , are exce l l ent exposures of Cowl itz sandstone a long the dirt 
road . 

On  the r i ght , large bl ocks of Col umbia R iver Basa l t  tha t have sl id down the h i l l . 

Outcrops on the right of the road are i n  Cow l i tz vol canic  flows . The fl ows are indis
t inguishable petrographi cal ly  from Goble Vo lcanic  flows . The flows str ike about north
south a nd are exposed in the core of a gent ly  fo lded ant ic !  i ne . Dips here are about 1 0° 
to the east; d ips on the west fl ank of the ant ic I i ne are same magnitude . The area to the 
r ight of the road is known as Bradl ey Heights . It i s  capped by Col umbia R iver Basa l t  
of Miocene age upon wh ich a l ayer o f  l oess was deposited i n  P l iocene t imes . The loess 
unit is  probably corre l at ive with the Portl and H i l l s  S i l t .  

I n  this area , as we l l  as i n  Oregon the top flows o f  the Col umbia R iver Basa l t  
have bee n weathered and al tered to form ferruginous bauxite-laterite . There are three 
bas ic  types of ferruginous ba.uxite -- earthy , nodular,  and p i sol i t ic . The color varies 
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from mustard-yel l ow to brown to various shades of red . The ferruginous bauxite is  
composed of a m ixture of gibbsite and reddish iron oxide . Loca l l y ,  sma l l  doubly ter
minated quartz crysta l s  are found in the upper part of the bauxite section . 

STOP 1 -7: Alder B l u ff .  Pu l l  off i nto quarry in Col umbia R iver Basa l t  on right . The 
Columbia R iver Basal t usual l y  stands out in bold  outcrops a l ong va l l ey wal l s .  Typica l l y ,  
it  is  hyal o-ophitic textured and non-porphyr itic . The most striking petrographic feature 
is its high glass content -- up to 60 percent in some rocks . The bottom part of the quarry 
is i n  massive hockly jointed basa l t  which accordi ng to Snave l y  and others ( 1 973) is  
Yak ima-type basa l t .  The top port of the quarry exposes co l umns of basa l t  which accord
i ng to Snave l y  and others ( 1 973) is basal t  of Pack Sock Lookout . The col umns of the 
top flow exposed in the quarry are bent to the south . Accord i ng to Waters ( 1 960), this 
i nd icates that the l ava flow was moving southward at the time it chi l l ed . Notice i n  
the center o f  the quarry that the bottom basa lt  flow was channe led ,  and the channe l  
fi l l ed wi th  sand and gravel before the next flow covered i t .  

C o l  umnor basa l t  exposed o n  the right side of the rood i s  i n  the Cow l i tz Formation . 

Outcrops at 1 o ' clock are i n  Col umbia R iver Basa l t .  A l l  outcrops that are seen from here 
to Cath lamet are e ither Col umbia R iver Basa l t  or sed imentary interbeds in the basa l t .  

Rock quarry i n  Col umbia R iver Basa l t  on the right , capped by a wel l -exposed sandstone 
i nterbed between basa l t  flows . The rock quarried out of this particular pit was used 
as jetty stone by the Corps of Engineers a long the Col umbia R iver . The jetties are 
bui l t  out i nto the river normal  to the bank and co l l ect sand by accretion . 

Bridge over Abernathy Creek . Abernathy Creek is thought to have cut its way a long 
a northwest-trending strike-s l ip  fau l t .  The fou l  t is thought to extend about 1 0  m i les to 
the northwest . The creek has a remarkably stra ight ol ignment over its length . 

Bridge over Mi l l  Creek . At 1 o'c lock a sed imentary interbed can be seen; it is some
what unstabl e and has a tendency to sl ide . Th is is  the some interbed that was exposed 
in the rock quarry at m i l e  1 08 . 4 . The col umnar basal t  is the some flow that we sow in 
that quarry . 

On the right is a good exposure of Col umbia R i ver Basa l t .  The lower flow is scorioceous 
near its top . This is the red oxidized bond that shows up so we l l  a long the cl i ff face . 

On the left are the remains of a jetty that was bu i l t  out i nto the water to capture sand 
being transported by the river. This particular beach , known as the "County L ine Bar" , 
is one of the most famous sa l mon-fishing beaches on the lower Col umbia River .  

On the r ight is a l andsl ide that occurred during the winter o f  1 970-71 in  the sed imentary 
interbed exposed at 1 08 . 4  and 1 1 0 . 2 .  The sl ide is ful l  of carbonized wood which is now_ 
obscured by reclamation work done by the H ighway Deportment to restore the h i l l s ide to 
a natural contour . The sl ide occurred during a time of h igh rainfa l l  when, apparent ly ,  
the weathered materia l  derived from the interbed become saturated with water and 
cou ld no longer support itse l f .  As a resul t, it col l apsed and as a mudflow moved over 
the cl i ff face , the rood , and down the h i l l . Notice that many of the rood cuts for 
the next few m i les expose sandstone . This is material  that was derived from the sedimentary 
i nterbeds upslope . 

On the right is a massive sandstone interbed in the basa l t . Notice the abundant cross-beds . 
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Col umbia Ri ver Basa l t  flow on the right overly i ng a sedimentary i nterbed . The bed 
apparent ly was channe led , or there is a smal l fold  axi s  here . 

The sedimentary interbed is exposed on the right . It is a medium-grained cross-bedded 
sandstone . 

STOP 1 -8 :  Pork on left i n  the turnout . A sedimentary interbed of cross-bedded arkosic 
and lithic sandstone is we l l  exposed on the right . The contact with the basa l t  is sharply 
defi ned and eas i ly  seen .  

Reddish sedimentary i nterbeds i n  the basal t  o n  the right . N o  foss i l s  hove been found in  
these beds . 

Turn left to the town of Cathlamet on Main Street . Proceed bock through Cathl amet 
to the Puget Is l and ferry . 

Col umbio R iver basal t outcrops on the left .  

End o f  bridge over the Columbia R iver . Rood i s  o n  top o f  dike a long the bonk of the 
Co l umbia River . Duri ng t imes of h igh water the el evation of the surface of the Col um
bia River i s  higher than the elevation of Puget Is l and . 

Puget Isl and ferry landing . Ferry l and ing , Westport, Oregon . Rood is constructed on 
lowlands composed of tidal flat and stream sed iments for next 2 . 0  mi les .  

I ntersect ion with U . S .  H ighway 30 . Turn right toward Astoria .  Bridge over P lympton 
Creek . Forested bl uffs on left side of rood ore late O l igocene sandstones .  Foss i l s  of 
P ittsburg B l uff and Bl akeley age (Warren and others, 1 945) hove been col lected nearby . 

U . S .  30 cuts through a vesicu lar  Col umbia R iver Basa l t  flow with on oxidized rubble 
zone and pockets of sedimentary interbeds at west end of exposure . 

Underpass , Wauna rood . Wauna is the s ite of a Iorge Crown Zel l erbach pu lp mi l l . 

Rood c l imbs scarp composed of Col umbia R iver Basa l t  fl ows and arkosic sandstone i nter
beds . Lowry and Bal dwi n ( 1 952) suggested that these interbeds represent the i nterfinger
i ng of the upper sandstones of the Astoria Formation with the Col umbia River Basa l t .  
Basa l t  flow a t  top o f  scarp dips 5° to the northwest . 

S ummit C l otsop Crest . E levation 656 feet . 

I n  rood cut, uppermost flow of Col umbia R iver Basa l t  in the scarp is over la in  by non
marine midd l e  Miocene-early P l iocene(? ) sandstones at C l ifton . 

Friab le ,  yel l owish-orange middle Miocene-Pl iocene non-mar ine sandstone in rood cuts 
next 2 . 3  mi les . 

Bridge over Gnat Creek . Gnat  Creek Fish Hatchery to l eft . 

I ntersection with grovel rood to Gnat Creek Forest Pork . Turn right i nto pork . 

I n  rood cut on right , stream-terrace grove ls  unconformably  overl ie middle Miocene
Pl iocene (? ) sandstone . 
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Park i n  l arge grave l l ot near restrooms .  
STOP 1 -9: Wal k approx imate l y  1 50 feet a long road to the l eft to fi rst road cut i n  m idd l e  
M iocene-Pl iocene (? ) non-mari ne sed imentary rocks (at C l i fton) . Very coarse -gra i ned , 
poor ly  sorted , fr iab le , arkosi c sandstone is iron-sta i ned yel l ow-orange . Large angu lar 
b l ocks of l am inated gray muddy si l tstone incorporated i n  the sandstone are l ocal l y  abun
dant . The s i l tstone i s  carbonaceous and m icaceous . 

I n  the next exposure a l ong road , mudstone c lasts are concentrated a l ong beddi ng 
p l anes and show a southwester ly imbri cation . The outl i ne of a l arge channel of arkos ic  
sandstone can  be seen truncat ing  beds of sandstone and  mudstone c lasts . The  mudstone 
c lasts may be penecontemporaneous " r ip-ups "  or sl ump b l ocks of undercut mud banks . 
Channe l s  suggest a fl uvia l  orig i n  (ancestra l Col umbia R iver? ) for the midd l e  Miocene
P I  iocene sandstone . 

At other l oca l i t ies ,  the sandstone is cross-bedded and conta ins 20-foot th ick i nter
beds of l am i nated mudstone . 

Return to U . S . 30 .  

I ntersection w i th U . S .  30 . Reddish i ron-sta ined stream-terrace grave l s  and muds exposed 
in road cut across the h ighway . Turn r ight . 

Series of l arge road cuts in buff, friab l e ,  m icaceous middl e Miocene-Pl iocene sandstone 
with  th ick overl y i ng s i l tstone i nterbed near top of road cuts next 1 .5 m i l es .  

Midd le  M iocene basa l t ic fl ow breccia wh ich  under l ies the midd l e  Miocene -P l iocene 
sandstone exposed in road cut on l e ft .  

Road constructed o n  stream terrace . 

O n  sky l i ne to l e ft is W ick iup Mounta i n  composed of middl e Miocene basa iHc fl ow 
brecc ias a nd pi l l ow basa l ts equ i va l ent i n  compos it ion to the Col umb ia R i ver Basa l t . 

Ma i n  i ntersection i n  K nappa , Oregon . Turn l eft . 

Mudstone of Astoria Format ion (? ) in road cut on r ight . 

Bridge over B ig  Creek . 

T urn l e ft on grave l road up B ig  Creek (the gravel road that is uph i l l  from the paved 
road to T i l l usqua F i sh Hatchery ) . 

Redd ish stream-terrace grave l composed of basa l t c l asts i n  quarry on r ight . 

F i fty-foot quarry i n  bedded stream-terrace grave l s  and sands on r ight . Red roofs of 
fish hatchery adm i n istrat ion bu i l d i ngs on l e ft . 

Take road to l e ft .  

T i l l usqua F i sh  Hatchery on  l e ft .  

S T O P  1 - 1 0: Q uarry i n  m iddl e M iocene p i l l ow basa l t  over l a i n  by a l am i nated mudsto ne 
i n terbed a nd basa l t i c  b recc ia s  of Wick i up Moun ta i n  (F i gure 6) . The sequence i s  offset 
by a h igh -ang l e  reverse fau l t .  P i l l ow r ims a nd brecc ia  fragments are composed of dark 
basa l t i c  g l ass (s iderome l a ne and tachy l i te ) .  Some g l ass has been a l te red by hydrat ion 
to yel l owi sh -brown pa l agon i te . Fragme nts of i so l a ted p i l l ows occ ur i n  the brecc ia . 
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TRIP 3.  CENOZOIC STRATIGRAPHY, OREGON-WASHIN GTON 

Figure 6. Stop 1 0, quarry along Big Creek. Pil low basa l t  with over
lying mudstone and basaltic breccia dipping to the left. 

1 1 3  

Snavely and others (1 973) interpreted the pi l low lava and breccias of Big Creek as 
the westward extension of plateau-derived Columbia River Basalt (Yakima type) which 
flowed into an embayment of the middle Miocene sea. 

Return to U . S .  30. 

I ntersection with U . S .  30. Turn left. 

Bridge over Big Creek . Valley floor composed of silty cloys and terrace gravels.  

Friable middle Miocene-Pliocene non-marine sandstone in  road cut at  crest of hi l l .  

Intersection with road to Burnside. Remain on U . S .  30. 

Dark Astoria mudstones exposed in road cut on left side of road. Note slump scars and 
hummocky lands! ide topography. Road cuts have been cut back in steps in an attempt 
to prevent further sliding. Mudstone next 3.7 miles. 

Tidal flat on right. 

Landslide area next 1 .4 miles. 

Active landslide scarp on upper slopes on left for next 0 .2  mile.  Highway skirts around 
recent lands! ide. 

Bridge over John Day River. 

Sandstone of Astoria Formation in road cut on left. 

I n  road cut on right is Astoria mudstone which weathers to small crumbly, dull reddish
purple chips. Saucesian age foraminifera collected in this mudstone indicate cold, deep 
water (upper to middle bathyal) depositional conditions. 
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S ign ,  entering city of Astoria . Fol low U . S .  30 west through tow n .  

Houses o n  lower bench o n  right are bui l t  o n  fi l l .  

Houses at road level have foundations cut i nto Astoria mudstone . 

Bedded Astoria mudstone i n  road cut on left . 

Astoria Col umn on crest of h i l l  on l eft .  Col umbia River on right . 

R idge on left and stra ight ahead is predomi nant ly  midd le  Mioce ne Astoria shal es . The 
city is  pl agued by frequent sl id ing along this ridge . Road is constructed predominantly 
on fil l which,  a long the waterfront , covers the original col l ecting sites of the type 
Astoria Formation .  

Astoria Columbia R iver tol l bridge at  1 o 'c loc k .  

Road passes under tol l bridge . 

Turn r ight on Basin Street to Thunderbird Motel and the West Mooring Basin . 

EN D OF F IRST DAY ROAD LOG 

SECOND DAY 

Begin  m i leage at i ntersection of Basi n Street and U . S .  30 i n  Astoria , Oregon . 
Turn l eft (east) onto West Marine Dri ve (U. S .  30) toward downtown Astoria . 

Pass under Astoria Columbia River bridge . 

Active sl ump in ridge of Astoria s hales  on right . Houses are bu ilt on the down-sl id bl ock . 

I ntersect ion 8th Street and Commercial  Street . Turn l eft and proceed into right l ane of 
Commercial Street; cont inue eastward to l Oth Street . 

Turn right on l Oth and proceed up steep h i l l , The houses i n  the section of the city to 
the right a re in an active lands I ide area . 

Turn right onto Harr ison Street , 

Turn l eft on 9th Street and park vehi c l e .  
STOP 2- 1 :  Vacant lot o n  southwest corner o f  Harrison and 9th i s  a c l assic col l ecting 
loca l i ty i n  the type shal e member of the Astoria Formation . Due to i ndustrial expansion 
of the waterfront, the original  col l ecting local ities of the Astoria  Formation al ong the 
banks of the Col umbia R iver ore no longer ava i l ab le for study . Recent construction and 
thick vegetative cover have obscured other local i t ies with in  the city . Currently exposed 
at the Harrison a nd 9th streets loca l i ty ore approx imate ly  40 feet of crumbly dark-gray 
to weathered reddish-ora nge mudstone with some thi n beds of very fine-grai ned sa ndstone 
a nd a few 1 - to 2-inch beds of gl auconit ic  sandstone . The beds dip 21 ° to the southwest . 

Howe (1 926) su bdiv ided the Astoria Format ion i n  the type area into a basal 1 50-foot
thick sandstone unit overl a in  by 1 , 000 feet or more of shale and an upper sandstone member ,  
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The th i n  g lauconite beds exposed at th i s  local ity are i n  the sha le  member and are 
approximate ly  250 feet above the basal sandstone . 

1 1 5 

Megafoss i l s  col l ected at this local ity by Moore ( 1 963) i nc lude Dento l ium 
pseudonyme P i l sbry and Sharp (a scophopod) and De l ectopecten peckhami  (Gobb) . 

Foraminifera from this local ity are essentia lly the some as that described and 
i l l ustrated by C ushma n ,  Stewart , a nd Stewart ( 1 947) . Some of the commonly occurri ng 
species as l isted by them are : 

Bol iv ina advena Cushman 
Bolivina marginate ade l aidana Cushman and K le inpel l 
Bulim ina ovota d' Orbigny 
Bulimina Ci'TT'i9ata C ushman and Lai m ing 
Bulim inella subfusiformis Cushman 
Cassidul ina laevigata cari nate Cushman 
Plonuli na astoriensis Cushman ,  Stewart , and Stewart 
Plectofrondicularia m iocenica Cushman 
Siphogeneri na branneri (Bagg) 
S iphogenerina kle inpell i C ushman 
Uvigeri na subperegrina Cushman and K l e i npe l l  
Volvulineria araucona (d' Orbigny) 

The comb inat ion of species occurr ing here is  general l y  accepted as suggest ing 
some part of e ither the Saucesian or the Rei izian Stages and i s  therefore regarded as 
representi ng part of the west-coast midd le  Miocene (K ie inpel l ,  1 938) .  

The depositiona l environment suggested by foraminifera from these rocks is that 
of substant ial  depths , probably no l ess than an upper part of the bathyal zone , most 
I ikely something greater than 1 ,  000 feet of depth . 

Return to vehic le and proceed up 9th Street . 

T urn left on Jerome Avenue . 

Turn right on 1 5th Street and proceed up hi l l .  

Sma l l  exposure of Astoria sha le  member at corner on left .  

Turn left o n  Coxcomb Drive (Madison Avenue) toward Astoria Col umn . 

Park in parking lot. 
S TOP 2- 2 :  Assemble a t  bronze map on pedesta l near the base of Astoria Co lum n .  Cox
comb H i l l  is com posed of a midd le  Miocene s i l l  of Depoe Bay Basa l t .  The si l l  intrudes 
the sha le member of the Astoria Formation . From th is point  on a c l ear day you have a 
magnificent pa noram ic view of the surroundi ng countryside and geology (see geo logic 
map, Figure 7) .  

Beginning in the north is  th e Columbia River spanned by th e tol l  bridge a t  Astor ia,  
which was comp leted in  1 967. The high h i l ls on the far s ide of the river are Scarboro 
H i l l s (composed of upper Eocene vo l ca nics) w i th Bear R iver R idge in  the dista nce, a 
M iocene basa ltic in trusive in O l igocene marine sedimentary roc ks . To the west on 
the Oregon side of the Co lumbia is C la tsop Spi t composed of elongate north-south 
beach ridges, beach sands , and pea t bogs . On the Wash ington side of the Columbia, 
Peacock Spi t a nd Cape Disappointment extend southward into the mouth of th e river . 
Th e low ridge du e west of Astoria Column upon which the c i ty of Astoria is bu i l t  is com
posed of Miocene Astoria mudstone and a sma l l  Tertiary i n trusive over la in  by th e ear ly 
P l iocene Troutda le  Forn.ation (quartz a nd chert grave ls) . 

At the southwest end of C la tsop Spit and P la ins i n  the for distance is Ti l lamook 
Head (a middle Miocene s i l l  intrud ing Astoria age mudstones and interbedded sa ndstones) . 
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F igure 7 .  Geo logic map of the northwest Oregon coast . 
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The l ow ragged ridges just east of T i l l amook Head are composed of compl exes of sma l l 
d ikes and ri ng-l i ke dikes i ntrud i ng Astor ia-age sed imentary rocks . 

I n  the foreground to the south , t idal -flat sediments a l ong the Lew is and C l ark 
a nd Youngs R ivers surround l ow hi l l s  of upper Eocene to O l igocene sed imentary rocks . 
Looki ng south a long Youngs R iver, the m idd l e r idge beh i nd the l ow h i l l s  is Lone R idge , 
a m idd l e  Miocene r ing-l i ke d i ke of Cape Foulweather Basa l t .  Beh i nd Lone R idge , the 
h igher nearl y  fl at-topped Ee l s  R idge is composed of comp l exes of sma l l  d ikes i ntrud i ng 
sed imentary rocks . The very d i stant h ighest h i l l s  are composed predom i nant ly of basa l t i c  
breccias and pi l l ow basa l ts a s  at Sugarloaf Mounta i n  o r  On ion Peak . 

To the southeast, the h igh rugged knobby peaks i n  the d i stance are Sadd le  Moun
ta i n  and H umbug Mounta i n  (m idd l e  Miocene basa l tic breccia vol can ic  centers ) . Green 
Mounta i n ,  in front of Sadd l e  Mounta i n ,  i s  a M iocene s i l l .  To the east-southeast is 
W icki up Mounta in composed of res i stant Miocene basa l t i c  breccias . 

Astoria C o l um n ,  erected i n  1 926, r ises 1 25 feet i nto the a i r . An i nterior stairway 
with 1 66 steps provides d izzy access to the narrow observat ion deck at  the top . A p ic
torial h istory of Oregon i s  painted around the  girth  of the col umn . Astoria is the  site 
of the o l dest sett l ement i n  Orego n . The Lewis  and C l ark expedit ion spent the winter 
of 1 805-06 a l ong the r iver that now bears the ir  names . I n 1 8 1 1 Astoria became a ma in  
depot for John  Jacob Astor ' s  Paci fic  Fur Company . 

Comp lete Coxcomb H i l l  loop and descent h i l l . Return to 1 5th Stree t .  

I ntersection Coxcomb Drive and 1 5 th Street . Turn l eft o n  1 5th Street . 

Turn l eft on N iagara Avenue . Recent s l umping d i sp l aced N iagara Avenue . 

Turn r ight on 1 6th Street (W i l l iamsport Road ) . 

C i ty of Astoria san itary l a ndfi l l si te on l eft . Road cut exposure bel ow power I i ne exposes 
upper sandstone member of Astor ia Formation which I ies c l ose to the contact with the 
under ly ing  midd l e  Astoria sha l e  member . 

I n tersec tion Wi l l iamsport Road w i th Sta te Highway 202 . Turn r igh t  on H ighway 202 
toward Astoria . Youngs Bay on l eft . 

On r ight i n  b l u ff beh ind H ighway Department fac i l it ies , th ick arkosi c  sandstone i nterbed 
in sha l es of the Astoria Format ion . The exposure was inc l uded in the " upper " sandstone 
by Howe ( 1 926 ) ,  but i ts actua l stratigraphic posit ion rema ins  unc l ear • .  

Stop sign . Go stra ight . 

I ntersection with road to Youngs R i ver Loop and Lewis  and C l ark R iver . Go stra ight . 

Astoria H igh  Schoo l  on r ight . R idge beh i nd school is composed of Astoria sha l e .  

I ntersection with U . S . 1 0 1 and 26 . Bear l e ft to cross bridge over Youngs Bay towarcl
Warrenton and Seaside . 

Ra i l road crossi ng . I n tersect ion , cont i nue on U . S . 1 0 1 and 26 toword Seas ide and 
T i l l amook . Rood bu i l t  over t idal -flat sed iments . 

I ntersect ion with road to Ft . C l atsop Nat ional  Memoria l .  Go stra ight . Lewis and 
C l ark spent the wi nter of 1 805-06 at F t .  C l atsop . 
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Bridge over Skipanon R iver . 

After ra i l road cross i ng ,  turn right on R idge Road toward Fort S tevens State Park . 

Sand p i t  i n  beach r idge on l eft . O cean V iew Cemetery bui l t  on beach ridge on r ight , 
o ne of severa l beach r idges of C l atsop P la i ns .  

Swa le  between beach r idges occupied by e longate Sm i th Lake o n  l eft .  

I ntersect ion ,  cont i nue stra ight ahead . Road c l imbs up o n  a beach ridge and para l l e l s  
beach ridges o n  bath s ides of  the road . 

Sand p i t  i n  beach ridge on left exposes cross-bedded sand . 

Turn l eft i nto Fort Stevens S tate Park and fo l l ow s igns to beach . The park and o ld  fort 
were named for General  I saac Stevens , a hero of the C iv i l  War who d ied i n  1 862 . He 
was the fi rst governor of Washi ngton Terr i tory . Th is  area conta i n i ng same 3 , 000 acres 
of  sand is ca l l ed the C l a tsop sand p l a i ns .  Much of the dunes were stab i l ized in the 
1 930' s  by p l ant i ng beach grass , shrubs , and trees . 

The road crosses six to seven 25- to 30-foot-high beach r idges before it rea ches 
the beach . 

S top s ign , proceed ahead . 

Cross beach r idge and stay on ma i n  road . N ote Coffenbury Lake on the l e ft occupies 
a swa le  betwee n beac h ridges .  

Park i n  park i ng l ot .  Modern restroom fac i l i t ies are ava i l ab l e  here . 
STOP 2-3 : Wal k to the beach and turn r ight (north ) .  C l atsop sand p l a i ns consi st of a 
1 9  mile -long coasta l p l a i n  of beach sands , beach r idges , and i nterven ing  swa l es with 
peat , l ake , and t-idal -Act sed iments . The p l a i ns stretch from Seas ide i n  the south to 
Hammond i n  the north .pnd ra nge from � m i l e  to 2 m i l es i n  width" .  C l atsop Spi t  a t  the 
north e nd of t he C l atsop sand p l ai ns exte nds 2� m i l es i n  a northwester l y  arc i nto the 
mouth of the Col umbia R i ver . 

The wreck of the Pe ter  l redo l e  is part ly buried i n  the beach . Th i s  B r i t i sh sh ip 
was sh ipwrecked in the ear ly  1 900' s .  A l l hands were rescued . 

The beach r idge to the r i ght is be i ng undercut by wi nter storm waves . The beach 
s l opes approx imate l y  2°  seaward . Note t he r ich black sands of  the w i n ter  beach . These 
heavy m i nera l sands are fi ne -gra i ned , we l l -sorted , a nd angu l ar to sub-rounded . The 
compos it ion of t he sands is predom i nant ly quart z ,  magnet ite , i l men i te ,  and amph i bo l es 
w i th subordi nate amounts of p l agiocl ase , o l i v i ne ,  tourma l i ne , vo l can i c  g l ass , basa l t i c  
rock fragments , and  trace amounts of hemat i te , garnet ,  rut i l e ,  ep idote ,  apat ite , z i rcon , 
a nd b iot i te . The percentage of opaque heavy m i nera l s  ranges from 30 percent to 85 per
cent . The m i nera l  compos i t ion  of the sands suggests a predom i nan t ly  basa l t i c  source 
with detr i t us a l so from re cyc l ed quartz sa ndstones and/or a n  acid i gneous source trans
ported v ia  the Col umb ia R i ver . The b l a ck  sands here are at  l east 3 fee t  th i ck and con
st i t ute a pote nt ia l  future ore for i ron  a nd ti tan i um .  Twenhofe l  ( 1 946) est imated that 
1 5 , 000 to 30 , 000 yards of  sand conta i n i ng 15 percent i l me n i te occur on C l a tsop Spi t  
near the mouth of  the Co l umb ia  R i ver . J . E .  A l l e n ,  Port l and Sta te Un i vers i ty , ( in  an  
unpub l i shed report to  t he  Department of Geo logy and M i nera l  I ndustr ies , 1 941 ) ou t  I i ned 
an a rea of  b l ack  sand 300 feet wide by 800 feet l o ng in  the town of Hammond on C l atsop 
Sp i t  2 m i l es east of Fort Stevens State Park . The l e ns of  b l ack sand is 3 to 4 feet t h i ck  
and  i s  composed of  30 to  8 1  percent magneti te a nd i l men i te . 
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T he domi nant strati fi cation i s  para l le l  lam i nation i n  the beach cross section and 
l arge-sca l e  p lanar cross- l am i nation i n  the beach r idge . The l am i nation is accentuated 
by dark laminae of magneti te , i lmenite ,  and amphibo le  m i nera l -r ich l ayers a l ternati ng 
with  l ight-colored quartz/fe l dspar-ri ch  l ayers . Gross roots have l ocal l y  destroyed the 
stratif ication in the beach ridge . 

Return to U . S .  1 01 and 26 . 

"Y " i n  rood ,  go left off beach ridge . 

I ntersection, turn r ight on U . S .  1 01 and 26 toward Seaside , For the next 1 2  mi les the 
road is constructed on the C l atsop sand p la ins and para l l e l s  severa l e longate north -south 
beach ridges . 

Peat bogs in swa le  on left .  Swan Lake on r ight . U . S .  1 01 and 26 constructed on beach 
ridge w ith  swo les on either s ide for next 1 . 4 m i les .  

Sma l l  obl ique dunes on  r ight . Sand p i t  in beach ridge on left .  

T ree -covered h i l l s  paral l e l  to rood on left are upper Eocene to O l igocene sed imentary 
rocks . Lake and peat swamp in swa le  on right . 

On right, Astoria Gol f  and Country C l ub bui l t  on beach ridge . Road on a para l l e l  beach 
ridge w ith a lake and peat swamp between .  E ight to n ine elongate beach r idges l ie 
between the road and the beach here . Rows of beach ridges para l l e l  the north -south 
coastl i ne of the C l atsop Pla i ns and can be traced on aer ia l  photographs for a l most the 
e ntire l ength of the p l a i ns .  Cooper ( 1 958) postulated that the formation of the beach 
ddges of the C l atsop Pla i ns was in i tiated during pauses in  seaward beach accretion when 
submarine sand bars conti nued to grow in size and emerged as new beaches . The ridge 
developed from storm berms beh i nd the emerge nt bea ch and by entrapment of dune sand 
a nd stabi l ization by grass . The beach accretes further seaward to form additiona l  beach 
r idges . 

Sand p it on right .  

We l l -deve loped beach ridges on r ight w i th  a sma l l  e longate l ake i n  the swal e  between . 

H i ghway crosses e longate l ake . Peat and s i l ty c l ays i n  low areas on left .  

Sugarloaf Mounta i n  a t  1 2  o ' c lock . 

S ign , entering the town of Gearhart.  Peaks at 1 2  o ' c lock are Onion  Peak and Sugar
l oaf  Mounta i n  predomi nantly composed of resistant m idd le  Mioce ne basa l t ic breccia 
a nd p i l low basa l ts .  

Intersection,  road to Gearhart c ity center and U . S .  1 01 .  Remain on U . S .  1 0 1 . 

Bridge over Neawanna Creek . 

Rai l road crossing . At 1 2  o ' c lock is T i l l amook Head , a m iddle Mioce ne basa l t ic  si l l .  
H i l l s  on l eft are composed of Astoria Formation . 

The c i ty of Seaside is bu i l t  on beach and dune sands and grave l s .  
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Street to Seaside c i ty ce nter to right . Rema in on U . S .  1 01 .  

Twi n  peaks at 1 0  o ' c l ock are a middl e Miocene basa l ti c  i ntrus ive . 

H ighway is constructed on beach gravel s .  These basa l t  grave l s ,  i n  part derived from 
T i l l amook Head , have diverted the mouth of N ecanicum River 3 m i l es northward by 
longshore drift . 

Necanicum R iver stream grave l s  underl ie  the flat val l ey floor on the right . 

Quarry i n  midd l e  Miocene basa l ti c  s i l l  w ith blocky fracture pattern on the left .  

Bridge over Neca n icum River . 

Q uarry at 3 o ' c lock i n  basa l ti c  s i l l ,  may be the east end of the Ti l l amook Head si l l . 

Q uarry i n  si l l  on left .  Sadd l e  Mounta in  at 1 2  o ' c lock . 

I ntersection U . S .  1 01 and U . S .  26 (Cannon Beach Junction) . Go right on U . S .  1 0 1 
toward T i l lamook . 

I n  road cut on l eft , basa l contact of basa l t ic s i l l with underlyi ng mudstones . Mudstone 
is at road level . 

S i l l  exposed i n  deep road cut on both sides of the road . Northern end of the road cut 
exposed col umnar-jointed basa l t  s i l l .  At l east two obl ique faults at the southern end 
of this  cut p lace s i l l aga i nst Astoria mudstones . Mudstones are sta i ned orange with iro n .  

Road cut i n  orange -sta ined Astoria mudstones w ith intercalated th i n  sandstones i ntruded 
by an irregu lar dike of m idd l e  Miocene basa l t .  Sauces ian age foram in i fera were 
col l ected from the mudstone . 

I ntersection, U . S .  1 0 1 and beach loop . Go r ight toward Cannon Beach . Haysta ck 
Rock at 1 2 o ' c lock • 

I nterse ct ion , go ri ght toward E cola State Park . 

I ntersection, turn right toward E co l a  State Park and I nd ian Beach . 

Road c l imbs h i l l of Astoria mudstones and sandstones . 

Entrance gate to E cola State Park . (Note:  th is  gate is locked at 4: 30 pm during the 
wi nter months; at 7:30 pm during summer . )  

I n  road cut o n  r ight,  yel lowish -orange s i l ty  mudstone intruded by sma l l  basa l t i c  d ikes . 

Irregu l ar road surface due to lands I idi ng . 

I ntersection, go left to park i ng lot . 

STOP 2-4: Eco la  State Park . Parking lot is i n  the m idst of an active l ands l ide area . 
E cola State Park is  underl a i n  by a complex of si l l s  and d ikes in a turbidite sandstone 
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a nd m udstone fac ies  o f  the Astor ia Format ion . Uphi l l  from the park ing l ot i s  a 75-foot 
scarp of a l a nds l ide  that occurred i n  1 96 1 . The p revious park i ng lot was destroyed 
beyond repa i r  and  was rep l aced by the present l ot .  S l abs of pavement o f  the former  
park ing lot  a re  visi b l e  i n  the brush and ta l l  grass a long t he  creek west of  t he  rest rooms . 
T he s l ide produced a h ummocky surfa ce that was l e ve l ed off for the present  parki ng  l ot . 

Take the path to the v iewpo i nt on the smal l forested poin t  to the west ( E co l e  Poi nt) .  
At the viewpo i nt to the north i n  the foreground , the toe of the 1 96 1  s l ump i s  bei ng 
undercut by wave action . Wave act ion i s  destroy i ng the support of the hi  I I  a nd may 
cause further s l id i ng . K nob to the north is composed of a l ternati ng beds of  m i dd l e  
M iocene m udstones , sandstones , and thi n s i l l s  d ipping steep ly  to the east . 

The th i rd cove to the north is I nd ian  Beach . S l umping has t i l ted many trees o n  the 
south part of  the cove . Beyond i s  Ba l d  Mounta i n  (south part of  the T i l l amook head l a nd )  
he l d  u p  b y  t h e  south e nd o f  the Ti l l amook s i l l  that dips t o  t h e  southeast·. 

To the northwest the l ighthouse i s  bui l t  on  T i l l amook Rock ,  a rem nant (stack) of 
the si l l . Bou l ders hur l ed up by wi nte r  storm waves have broken the l i ghthouse beacon 
at the top ( 1 39  feet  above sea leve l )  severa l  t imes . A heavy stee l grat i ng now prote cts 
the beaco n . O n  o ne occasion , a 1 35-pound rock sa i l ed to the 9 1 -foot l eve l a nd l anded 
i n  the keeper ' s  house . 

To the south t he h igh  i rregu l ar peaks inc l ude Onion  Pea k ,  u nnamed peaks , and 
Angora Peak which are composed o f  predom i nantly  m iddl e  Miocene basa l t i c  b re ccias 
a nd wh i ch  p robab ly  const i tute the remnants of a l oca l erupt ive center (F igures 7 and 8) . 
The l ow h i l l s  beh i nd the town of  Cannon  Beach are composed of Astor ia sandstone 
(Angora Peak sandstone member)  that  underl ies the basa l t ic  breccia of On ion  Peak a nd 
Angora Peak . The farthest headlands vis ib l e  are Neahkahnie Mounta i n  (a m idd l e  
M iocene s i l l }  and the s i l l  a t  Oswa ld  West S ta te Park . I n the d is tance the h i ghest stack 
w ith seve ra l  sma l l  s tacks around i t  is  cal l ed Haystack Rock . The twi nned peaks south
east of Haystack  Rock and beh i nd the vi l lage of To lova na Park are Doub l e  Peak (Mioce ne 
basa l t i c  breccia ) .  

S tacks w i th i n the park ,  i nc l udi ng Sea Lion Rock (wi th the sea arch) to the west, 
a re rem na nts o f  the si l l , re l ated d ikes , and over l y i ng contorted sed imentary rocks . 

Return toward park i ng lot and take path to the r ight to C rescent Beach . N ote the 
n umberous l a nds )  ide scarp s .  A midden mound a l so occurs a l ong the trai l . 

Assemb le  at the south end of the cove . Chevron fol ds o f  a l ternat i ng beds of sand
stone a nd mudstone are we l l exposed i n  the sea cl iff here (F igure 9) . Two- to s ix- inch
th ick , med i um-g ray Astoria-age m udstones a l ternate rhythm ica l l y  w i th  3- to  6- i nch  fi ne
gra i ned l am i nated sandstones . The fe l dspath ic  sandstones conta i n  m i ca . Sed imentary 
structures in t hese sandstones i nc l ude carbonaceous l ami nae , m icro cross- l a m i nations , 
graded bedd i ng ,  l oad structures ,  and convo l ute beddi ng (best d isp l ayed i n  sea c l i ffs 
at north e nd of the cove ) . The sandstones appear to be turb id i tes with the a ,  b , and 
c d i vi s ions of  the Bouma sequence . 

Pre l im i na ry stud ies  of l im i ted foram in i fe ra l  co l l ec tions from th i s  l oca l ity suggest 
that they are very s im i la r  to those assemb lages known from the Astoria Format ion  i n  the 
town of Astoria . T he fol l ow i ng a re a few of t he more common ly  occurri ng forms : 

Bo l i vi na cf .  B .  adve na C ushman 
B u l i m ina a l l igata C ushman a nd la i m i ng 
B u l i m i ne l la  subfus ifo rm i s  C ushman 
De nta l i na spp . 
G l obige r i na spp . 
N on ionella mioce nica C ushman 
S i phoge neri na branneri (Bagg) 
V a l vu l i ner ia a raucana (d ' Orb igny) 
V i rgu l i na c f .  V .  ca l i forniensis C ushman 
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Figure 8 .  View from Ecola Point (Ecola State Park) looking southeast. 
Far distant peaks are remnants of middle Miocene submarine basa 1-
tic breccia eruptive centers overlying lower forested s lopes of Astoria 
sandstone and mudstones. Stacks in foreground ore remnants of mid
dle Miocene basaltic si l l  intruded into the Astoria Formation. 

Figure 9 .  Chevron folded rhythmica l ly bedded sandstones and mud
stones of Astoria Formation associated with basa ltic si l l s  and dikes. 
Deformation was probably penecontemporaneous with deposi tion. 
North end of Crescent Beach, Ecola State Park. 
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This  assemblage suggests a posi t ion in e ither the Sauces ian or Rei izian S tage and 
therefore represents a lower to middle part of the west coast Miocene . The assemblage 
further suggests an outer neri tic to upper bathyal depositional environment, poss ib ly at 
a depth of 500 to 1 ,500 feet in cool water . 

These fol ded sed ime ntary un i ts are i ntruded by a s i l l  of Depoe Bay Basa l t  wi th 
many d ike-l ike apophyses . The contact between  the intrusi ve and the sed ime ntary rocks 
is sharp . However, loca l ly the intrusive is brecciated and al tered to green ish c lay 
a nd conta i ns l arge bl ocks of contorted strata . A sample of the i ntrusive at I ndian Beach 
was potassium -argon dated by Don Parker , graduate student at Oregon State University ,  
a s  1 5 . 9  + 0 . 4  m .y .  The sedimentary units are s l ightly older ( lower to middle Miocene) . 
An interP"retation of the features observed here is that the strata were only semi- l ith i fied 
sediments and deformed when they were i ntruded . The igneous material fragmented as 
it came into contact with the wet sed iments . 

Many basa lt  cobbl es on the beach conta i n  l arge ye l l owish pl agiocl ase phenocrysts 
characterist ic  of m idd l e  Mioce ne Cape Fou lweather Basa l t .  These cobbl es were derived 
from nearby dikes .  The Cape Foulweather Basa l t  is  younger than the Depoe Bay Basa l t  
a nd is  thought to be  equival ent to the l ate-Yakima Basa l t  i n  eastern Oregon . 

Return to the parking lot . On  the return trip up the path note s imi l arly deformed 
sediments al ong the top of the s i l l  on the south side of Ecola Point ,  A good viewpoint 
i s  just above the m idden mound . 

Return to Cannon Beach loop (2 , 0  mi les) . 

I nterse ction with Cannon Beach loop . Turn ri ght . 

Bridge over E l k  Creek . E l k  Creek or Ecola is the southwesternmost poi nt reached by 
members of the Lewis and C l ark expedition when they came to th is  area on January 8,  
1 806, to  trade for wha le bl ubber and oi l from the " K i l l amuck" Indians . 

C l ear-cut peak at 1 0  o ' c lock i s  Sugarloaf Mounta i n .  

Road c l imbs up o n  a Quaternary mari ne terrace . 

Wide shoulder on r ight provides a pul l -off and viewpoint of Haystack Rock at 4 o ' c lock . 
Haystack Rock i s  a stack composed of middle Miocene basa l ti c  breccia , p i l l ow basa l ts ,  
a nd d ikes , The surroundi ng sma l l er stacks are cal l ed the N eed les . Near the base o f  
Haystack Rock the bre ccias are in contact with the underly ing steeply seaward d ipping 
burrowed s i l tstone , fi ne-gra i ned sandstone, and mudstones of the Astoria Formation . 
The contact con be studied at low tide , 

The vi l lage of Tolovana Park is bu i l t  on a mar ine terrace . Tolovana Park post offi ce , 

I ntersect ion ,  turn left to U . S .  1 01 . 
T urn r ight toward Manzan ita and T i l l amook . Double Peak at 1 1  o ' c lock . 

Turn left on gravel road (Tolova na Main l i ne )  u p  h i l l . 

Junction, go left .  

J unction,  go right up h i l l .  Basa l t  di kes cutting Astoria sandstones and mudstones in 
rood cut on r ight . 

J unction,  go straight ahead . Approximate contact of basa l t ic breccia and underl ying 
Astoria sandstone , Grave l road para l l e l s  the west fork of E l k  Creek . Basa l tic breccia 
exposed in road cuts and cl i ffs on right for next 0,5 m i l e .  
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STOP 2-5 :  Pu l l off to the s ide of the grave l road , The west fork of E l k  Creek cuts a 
gap through the two peaks of Doub l e  Peak . Basa l t i c  bre ccia is exposed i n  the deep 
road cut here . On fresh surfaces poor ly sorted angul ar fragments (one-e ighth i nch  to 
e ight i nches) of dark aphanit ic  basa l t  and basa l ti c  g l ass are in a groundmass of dark 
ye l l owi sh -brown pa lagon ite and basa l t ic gl ass (siderome l ane and tachy l i te ) .  Some 
basa l t  fragments conta i n  zeo l ite -fi l l ed amygdu l es .  Th in  ve i n l ets of zeo l ites cut the 
b recc ia . More than 2 , 000 feet of midd l e  Miocene submar ine extrus ions of basa l t  
breccia , i so l ated p i l l ow basa l ts ,  p i l l ow flows, and rare subaer ia l  A ows, and feeder 
d ikes form the high ba l d  rugged mountai ns i n  th i s  area such as Sadd l e  Mounta i n ,  On ion 
Peak,  and Angora Peak wh ich  are thought to be erosiona l remnants of submarine basa l t i c  
eruptive centers . The basa l t  brecc ias are strat igraphica l l y  equiva l ent t o  t he  midd l e  
Miocene Depoe Bay Basa l t  o f  the centra l  Coast Range and are compos it iona l equ i va l ents 
of the Yakima Basa l t  of the Col umb ia R iver Group i n  the K e l so-cath l amet area of 
Washi ngton (Snave l y  and others 1 973) . 

Proceed another 0 . 3  m i l e  farther  a l ong the gravel rood to a wide turn-around 
on the l e ft at a curve i n  the road . Return to U . S . 1 0 1 . 

I ntersect ion,  U . S . 1 0 1 and Tolovana Mai n l i ne ,  Turn l e ft on U . S .  1 01 . 

Pu l l off i n to second v iewpoint park ing l ot on r ight . 
STOP 2-6 :  S i l ver Poi n t .  Stacks a t  S i l ver Poin t  west of the fi rst park ing l ot are com
posed of a basa l t ic  s i l l .  Deep h ighway cut on east s ide in upper part of Angora Peak 
sandstone membe r ( i nforma l )  of the Astor ia Formation . Th ick  i nterbeds of I ight-gray 
l am i nated sandstone and med ium-gray si l ty mudstones . Large recent l a nds l ide in center 
of  road cut  i l l ustrates a common prob l em in  the fine-gra i ned port ion of th i s  member . 
Sandstones are f ine- to very fi ne-gra i ned , m icaceous and conta i n  abundant carbo naceous 
p l a nt matter in the dark l am i nae . A broad mudstone-fi l l ed channel  truncates the wedge
shaped sandstone s .  Convo l ute bedding ,  m icro cross- l am i natio n ,  and l oad and fl ame 
structures occur in  the sandstone beds . About 200 feet above this exposure are the 
basa l t i c  breccias of Doub l e  Peak . 

With  CAUT I ON , especia l ly after a ra in , fo l low the path down the s l umped 
pavement of the old h i ghway to the beach . The sea c l i ff d i rect ly  be l ow the park ing 
l ot i s  a l arge sl ump b lock composed of a 6- to 8-foot-th ick  50-foot-w ide l e ns of sand
stone in th is f ine -grai ned sequence (F igure 1 0) .  I n  the sea c l i ff to the north , a conglom
erate-fi l l ed channe l i s  i ntruded by a basa l t i c  s i l l . The carbonate-ceme nted cong lomerate 
conta ins  pebb les  of basa l t ,  sandstone , "quartz , pum ice , agate , and l arge b l ocks of l am
i nated mudstone . Lenses of sandstone in  the congl omerate conta i n  we l l -deve loped m i cro 
trough cross-bedd i ng .  Load and fl ame structures occur i n  the mudstones and s i l tstones at 
the base of  the congl omerate . 

Th i s  sequence is i n terpre ted to have been depos i ted i n  a de l ta i c  e nv i ronment . The 
cong lomerate and sandstone cha n nel  and l e nses become the domi nant I i tho l ogi es ha l f  
a m i l e  south of th i s  exposure ; the mudstones become subord i na te . Near Angora Peak to 
the southeast , coo l beds , burrowed s i l tsto ne s ,  l arge-sca l e  p l a nar cross-bedded and 
c hanne led sandstones , and cong lomera te compose a 1 ,  000-foot se ct ion of th is sa ndstone 
member of the Astoria Format ion betwee n the ove r l y i ng midd l e Mioce ne basa l t i c  brecc ia  
o f  Angora Peak and the unde rl y i ng la te 01 i gocene mudstone . 

I n  the spr i ng of 1 972 ,  U . S .  1 0 1 for the next 0 . 2  m i l e  dropped 3 to 6 i nches due to 
s l umping i n  the fi ne -gra i ned Astor ia sandstone . 

I n  road cut on both sides of road , d ikes  through soft sed iment deformed the l am i nated 
bu ff sa ndstones . Large contorted ,  pe necontempora neous l y  deformed b l ocks of th i s  sand
stone occ ur in o pebb l y  sa nd matr ix in the sea-c l i ff exposure of th is  ri dge . 
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Figure 1 0 .  Thick lens-shaped sandstone in i n terbedded sandstones, 
carbonaceous si l tstones, and mudstones of Angora Peak sandstone 
member of Astoria Formation . Sea c l i ff below viewpoint, S i lver 
Point, on U . S .  1 01 . 

Figure I I .  Large-scale planar cross-bedded conglomeratic sandstone 

in Angora Peak sandstone member of the Astoria Forma tion. Moster 
stratification is incli ned to the left. South side of Austin Point.  

1 25 
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I n  next several road cuts ,  byff coarse -gra ined Astoria sandstones w ith m i nor med i um 
gray m udstones are steepl y  d ipp i ng and are cut by severa l basa l t i c  d ikes . 

I ntersection, turn right i nto Hug Po int State Park . 

Park i n  park i ng lot . 
S TOP 2-7 :  H ug Poi nt State Park . Take path to beach and turn l e ft (south) . Low cl i ff 
of Quate rnary mar ine terrace grave l and sands ( iron-sta ined) are exposed a long the 
beach . The first sma l l head l and cons i sts of an east-west str ik ing basa l t i c  d ike that c uts 
a cross steeply d ipp i ng (southeastward) cross-bedded sandstones and conglomerates of the 
Astoria Formation (not access ib l e  d ur ing h igh t ide) . 
A round the head land i s  a sma l l  cove wh ich  is the center of the ax is  of a syncl i ne that 
p l unges seaward . T he sma l l headl and (Austi n Poi nt) at the south end of  the cove conta i ns 
a sma l l  basa l t i c  s i l l  and d ike i ntruded into steepl y dippi ng (northwestward) cross-bedded 
sandstones and cong lomerates . Go around the Austi n Poi nt head l a nd to the south side 
where poorl y sorted,  cong lomerat i c ,  and cross-bedded dusky-ye l low sandstones (Figure 
1 1 )  of the Astoria Formation (Angara Peak sandstone member) are exposed . 

S ubangular to wel l -rounded cl asts (up to 2 inches i n  l ength) inc l ude most ly  pumice ,  
basa l t ,  quartz, mudstone , vo l canic  rock fragments , and m i nor agate and wel ded tuff . 
Probab l e  source rocks are the ancestra l Cascades and Eocene Coast Range vol con i cs and 
sed imentary rocks . I nd iv idual cross-beds are graded , and the who le  set is  graded . 
Sandstones are med i um - to very coarse-grai ned and fa ir ly  wel l sorted . C l i mbi ng ripp les  
are abundant in a two-foot med ium -grai ned sandstone bed . Pa l eocurre nt measurements 
show a northwestward current d i spersa l . Same thin l ami nated s i l tstone i nterbeds conta i n  
carbonaceous l am i nations . Tree l imbs as long as H feet occur in  the i nterbeds .  Return 
to path to parking l ot .  

F rom the path wal k  approximate ly ! m i l e  north to the th ird cove (access on ly  
d ur i ng low tide) past the waterfa l l s  and over the o l d  wago n road carved into the head
l and . Severa l l arge-sca l e  soft-sediment deformat ion fo lds  i n  cross-bedded Astoria sa nd
stone (Angora Peak sandstone member) trend across the beach . Large b locks of  I ami noted 
s i l tstone are incorporated in the sandstone . Some beds of sandstone weather to a nodular  
popcorn-! i ke surfa ce .  

The 1 00-foot-h igh sea c l i ff beyond the wagon road conta i ns near l y  vert i ca l  sa nd 
stone beds w i th carbonaceous lami nae and i ntercal ated thi n coa ly  beds . T h e  l am i nae 
are abundantly m i cro-faul ted due to soft-sediment deformation . T h i n  basa l t ic  d i kes cut 
a cross the sl ump stfuttures . A peperite d ike w ith c l asts of al tered basa l t ic breccia and 
b locks of carbonaceous l am i nated s i l ty sandstone is  exposed at beach l evel . 

I nterse ct ion . Turn right on U . S .  1 0 1 .  

Mass ive conglomerati c c ross-bedded A storia sandstone i n  road cuts on both sides of  
road d ips 45 ° to the south . 

Bridge over Fa l l  Creek; conti nuation o f  axis of syncl i ne observed at beach l eve l . 

Conglomeratic Astoria sandstone i n  road cut d ips 35 ° to the north . A thin basa l t i c  s i l l  
para l l e l s  the beddi ng . 

O n  l e ft ,  Ca nnon  Beach hi stori cal marker . " I n  1 846, the 300-ton U . S .  Nava l  Survey 
s chooner, the Shark , was sh ipwrecked off the coast near this poi nt . In an attempt to 
save the shi p ,  the masts were chopped down and the cannons were jettisone d ,  but t he 
sh ip  broke up and the ca nnons washed ashore . "  
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C l ear-cut peaks on left are composed of Miocene basa l t i c  breccia . Angora Peak at  
1 0  o ' c l ock . 

E nteri ng the vi l l age of Arch Cape , wh ich  is bu i l t  on Q uaternary mar ine terrace grave l s .  

North porta l of tunne l carved through a basa l t i c  d ike that forms A rch Cape . (F igure 1 2) . 

Sma l l  sea stacks in water on ri ght are Gu l l  Rocks (remnants of basa l t i c  d ikes) . At 1 2  
o ' cl ock is  Round Mountain ,  a Tertiary basa l t i c  intrusion , surrounded by low hummocky 
h i l l s  of l ate Ol igocene-ear ly  Miocene mudstones of Oswa l d  West formation ( informa l ) .  

East-west ridge on r ight beh ind Round Mounta in  i s  up l ifted Oswal d  West basa l t ic  si l l  
i n  fau l t  contact with Astoria (? ) congl omerate at water ' s  edge . This  conglomerate 
conta ins  sandstone c l asts up to 1 1  feet  across . 

Dark l ate O l igocene-ear ly  Miocene mudstones of the Oswa l d  West formation ( informa l )  
i n  road cut on r ight  w ith overl y i ng col l uvium . 

C l atsop-Ti l l amook county l i ne .  

On left is c l ear-cut Angora Peak wi th barren c l i ffs of basa l t ic breccia . 

H i ghway crosses tra ce of northern fau l t  t hat up I i fts Osward West basa l t i c  s i l l .  Road 
cuts on r ight for next 1 . 1 m i l es are in Osward West basa l ti c  s i l l .  

S i l l  is we l l -exposed in  road cut on ri ght . 

Road crosses trace of southern fau l t (? ) that up l i fts Oswa ld West s i l l . 

Turn l e ft i nto Oswa ld West State Park ' s  mai n park i ng lot . Restroom fac i l i t ies ava i l ab l e . 
STOP 2-8:  Oswa ld  West Sta te Park . Proceed down path under bridge and fo l l ow s igns 
to ocean beach (approximate ly  a m i l e ) .  Go through p icn ic  area a nd turn r i ght (north ) 
a l ong beach . P i cn ic  area is bu i l t  on Q uaternary terrace grave l s .  Approx imate ly  1 , 500 
fee t of l ate 01 i gocene to ear ly  Miocene in terbedded mudstones and tuffaceous s i l tstones 
of the Oswa l d  West formation d ipp i ng 40° southward are exposed a long the beach a nd 
i n  the sea cl i ffs . The strata inc l ude a few graded graywackes , convo l uted beds,  a sub
mar i ne mudflow , and c l asti c dikes (Figure 1 3) suggest ive of rap id depos it ion i n  a deep
water environme nt . At  the north e nd of the cove near the waterfa l l s , abundant sma l l ,  
dark , arcuate to spira l ed spec imens of Sca la ri tuba (fecal r ibbon form ) r idd l e  the tuffaceous 
s i l tstone beds . T he i ntr icate meanderi ng pattern of Zoophycos occurs on some bedd ing 
p lanes (Figure 1 4) .  (Joides cores i n  the Car ibbean conta ined compl ex Zoophycos 
burrows from depths of  4, 000 m . )  Other trace foss i l s  from this l oca l i ty i nc l ude Sca la r i tuba 
(rad ica l men iscate form} ,  Taenid i um annu late ;  P l ano l i tes , Chondr ites , Tei ch ichnus , and
? He l m i nthopsis l abyr i nth ica . T his i s  a deep-water assembl age of bathyal or greater depths 
very s imilar to the assemblage found i n  E uropean Cretaceous and Tertiary fl ysch (Chamber
l a i n ,  persona l commun icat ion ,  1 972) . 

A l im ited foram in i fera l  assembl age was obta i ned approx imate ly  20 feet above the 
convo l uted , sa ndstone bed . Tentat i ve identi ficat ions of the more com mon ly occurri ng 
forms are I is ted be l ow :  

A noma I i na ca l i forn iens i s  Cushman and Hobson 
Cass idu l i na cf. C .  crass ipunctata Cushman and Hobson 
Gyro idi na orb i c'iil'Or is  pl anata C ushman 



TRIP 3 .  CENOZOIC STRATIGRAPHY, OREGON-WASHINGTON 

Figure 1 3 .  Late O ligocene thin-bedded mudstones ond tuffaceous 
sil tstones incl ined to the right ore cut by thin clastic dikes. Dikes 
also cut through o thick mudstone unit containing o heterogeneous 
mixture of pebbles and boulders of sandstone and s i l tstone (submar
ine mudflow) . Cliff ot Short Sands Beach, Oswald West State Pork .  

Figure 1 4 .  Bedding plo ne of Ia te 0 I igocene muds tone con to ins a com
plex form of Zoophycos, on intricate burrow pattern that radiates from 
o single center. Near waterfa l ls north end of Short Sands Beach, 
Oswald West State Pork. 
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Pseudoglandul  i na i nflate {Bornemann) 
Robu I us spp • 

Uviger ina cf.  U .  garzaensis Cushman a nd Siegfus 
Pre I i m i nary studies of theassemblage suggest that it best compares w i th those 

k nown from the Zemorria n s tage which , i n  the northwest at least, is ge nera l l y  regarded 
as representing the upper port of the O l igocene of th i s  west coast area (Rou ,  1 966) . 
Th i s  assemblage has strong a ffi n i ties for cold water bathyal deposition somewhere be l ow 
1 ,  000 feet o f  depth . 

The mudstones of Oswald West are equiva lent  i n  port to the Scappoose formation 
o f  the eastern port of the Coast Range . 

Megafoss i l s  found i n  the mudstones at th i s  local ity by Warren a nd others { 1 945) 
i nc l ude : 

A c i l o  gettysburgens is  (Reagan) 
L imo cf. L .  tw i ne nsis Durham 
L i mo n .  sp-:-
E'Ciiinophorio rex {T egl  and) 
E .  opto (Tegland) 

I n  the headTand at the south end of  the cove the m udstones of Oswal d  West ore 
i n contact w ith the l ight-colored Astoria sandstones a nd congl omerates of the Angora 
Peak member . T he top contact of a si l l  d ipping eastward forms the d i stant sto ck .  Th is 
e ntire cove is cr iss-crossed w ith h igh angle norma l and reverse faults  w ith m i nor d is
p lacements .  

T h e  sea c l iffs at  the e nd of  Cape F a  I con expose the contact o f  the mudstones of 
Oswal d West and the underl y ing basa l ti c s i l l .  Pseudo-pahoehoe fl ow structures are 
present on top of  the s i l l . The s i l l  on nearby sea c l i ffs steps i ts way up the c l i ffs . 

Return to parking lot .  
Turn  l e ft (south) on U . S .  1 01 .  

late O l i gocene mudstones o f  Oswa l d  West form<;�tion i n  rood cut on l eft . H igh r idge 
at 1 2  o ' c lock is Neohkahnie Mounta in  s i l l .  

late O l i gocene mudstones of  Oswald  West format ion i n  road c ut on  left .  

T ra ce o f  contact o f  Angora Peak sandstone member o f  Astoria Formation and underl y ing 
m udstones of Oswal d  West formation . The contact is wel l exposed i n  prec ip i tous sea 
c l i ffs ! m i l e  to the west . 

T ra ce of axis of syncl i ne ,  exposed in sea c l i ffs be l ow ,  trends a cross h ighway . 

S ma l l  tree-covered head l a nd on  r ight is port of downfau l ted N eahkahnie s i l l .  Fault (? ) 
i n  hol l ow between rood and gross-covered knob downdrops west b loc k  of si l l  re lative 
to east bl ock wh ich forms Neahka h nie  Mounta i n .  

Jo inted N eohkahnie Mounta i n  basa l t i c  si l l  exposed i n  rood cuts o n  l e ft for next 0 . 8  
m i l e . Pu l l off onto w ide viewpoint  area on right . 

STOP 2-9: N eohkahnie Mounta i n  V iewpoint .  The viewpoi nt is constructed on N eoh
kahnie Mounta i n  si l l .  The si l l  is approx imate ly  1 000 feet thi ck,  d i ps gent ly northeast
word ,  and is composed of coarse -grai ned basal t or m icro-gabbro . The basa l contact of 
the si I I  w i th white to buff bedded tuff (? ) o ccurs near the cobble beach be l ow . The 
s i l l is strongly jointed . No evident d i fferentiation of the si l l  has occurred except for 
deve l opment of m i c ro -pegmoti t ic  sch l i ere n i n  some sampl es .  



Figure 1 5 .  Air view of Saddle Mountain, a remnant of a middle Miocene eruptive center of submarine basa ltic breccias and 
pillow Iovas. Photograph by Delano Studios and Aerial Surveys . 
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A samp le  from the. knob at the next v iewpoi nt turnout was dated by Don Parker 
at 1 5 .5 � 0 . 4  m .y .  (or m iddl e Miocene) . 

To the south is Nehalem River bay mouth bar .  Longshore drift of the sand has 
defl ected the mouth of the Nehalem River southward . The vi l l ages of Manzanita ond 
Nehalem are bu i l t  on the bar .  Active dunes cover parts of the bar . I n  the d i stance 
t he ta l l  h i l l s  are composed of Eocene Ti l lamook Vo l can ics  and upper Eocene sedimentary 
rocks, the o l dest rocks i n  the northern Coast Range . 

I n  road cut on l e ft ,  fau l t ;  dark basa l t ic s i l l fau l ted agai nst buff Astor ia sandstones . 

Laminated carbonaceous Astoria sandstones i n  road cut on l e ft dip northward into si l l . 
T urn right into observation turnout . T h i n  coa l beds have been reported on the 

south s ide of Neahkahnie Mounta in  in the Angora Peak member of the Astoria Format ion . 
T urn around and return via U .  S .  1 01 to the intersection of U . S .  1 0 1  and U . S . 26 

at Cannon Beach Junction near Seaside ( 1 6 . 9  m i l es) . Return to Portl and via U . S . 26 
( 62 . 4  m i l es) . 

OPT I ONAL S IDE  TR I P  

1 1 . 2 m i l es east o f  Connon Beach Junction on U . S . 2 6  i s  an i n tersect ion with a road to 
the l e ft to Sadd l e  Mounta i n  State Park (Figure 1 5 ) .  Sadd l e  Mountain  and H um bug 
Mounta in are eros ional remnants of midd le  Miocene submarine basa l t i c  flow breccias . 
Round trip d istance is 1 3 . 8  m i l e s .  
Junction ,  U . S . 26  and road to Saddle Mounta i n  State Park , t um l eft .  

Road cuts in  basa l t ic  intrus ive i n  Astoria Formation . 

Crest of r idge , dra i nage div ide between Necon icum and Lew i s  a nd C lark R ivers . 

At 1 2  o ' c l ock , good view of Sadd l e  Mounta i n .  This is on erosional remnant of submarine 
basa l t i c  breccia . It is equival ent in age to basa l t i c  flows of the Col umb ia River Group . 
A I orge d ike extends from the bottom to the top of the mounta i n .  

Lewis and C l ark R iver . J unction ,  logging rood j ust beyond bridge , keep stra ight to 
Sadd l e  Mounta in  State Park . On r ight , road cuts a l ong l ogging road are in m udstone 
of the Astoria  Format ion . 

Gate . Entrance to Sadd l e  Mounta i n  State Park . 

Park ing area , Sadd l e  Mounta in  State Park and a good view of Saddl e Mounta i n ,  with  
severa l resistant basa l t ic feeder dikes cutti ng across the southern face . Ba ldw i n  ( 1 952) 
suggested that Saddl e  Mounta in  is on erosiona l remnant of submar ine basa l t i c  p i l l ow 
l avas and brecc ias , more than 2 , 000 feet th ick , which were once cont inuous over much , 
of C l atsop County (extreme northwestern Oregon) . Streams cutt ing through the breccias 
have removed a l l but this and a few other remnants which stand as peaks today . 

A tra i l  leads from the parki ng area to the top of Sadd l e  Mounta in (4 m i l es } ;  the 
h ike is a favorite of many . The e l evation of  the summit  is approx imatel y 3 , 1 50 feet . 
The re l ie f  is ! , 350 feet . An unusual "a l p ine"  fl ora is found near the summ it . 

J unct ion ,  U . S . 26 . Turn l eft to Port l and . 

EN D OF ROAD LOG . 



F I ELD TR I P  NO . 4 

TH E COLUMBIA R IVER GORGE: 

BASALT STRAT IGRA PH Y ,  ANC I E N T  LAVA DAMS 
AND LAN DS LI D E  DAMS 

by 

Aaron C .  Waters 

Universi ty of Ca l i forn ia 

a t  Santa Cruz 

March 1 973 

1 33 



F igure 1 .  Looking east up the Columbia River Gorge from above Crown Point. On the left, the fan of Troutda le grovels (T), surmounted by 
Zion shield volcano , has been incised by Columbia River. Outliers of Yakima Boso ! t  (Y) rest on Ohono pecosh and Eagle Creek Forma
tions which ore obscured by landslides. Beacon Rock (B), o plug of olivine basalt, rises in the distance. 
South of the river, Crown Point (C) is a remnant of on introconyon flow, over 650 feet thick, stuck to the south wal l .  Farther upstream 
ore superposed flows to Yakima Basalt (Y) copped by the north flank (L) of the Lorch Mountain shield volcano. (Photo by Oregon State 
Highway Division .) 
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TR I P  4 .  TH E C O L U M B I A  R IV ER G O R G E  

THE  C OLUMB IA R IV ER G ORGE :  

BASALT STRAT I GRAPHY , ANC I ENT LAVA DAMS , 
A N D  LAN DSL I DE DAMS 

INTR ODUCT I ON 

1 35 

E ast of Port l and ,  Oregon , the Col umbia River is entrenched i n  a gorge , 65 mi les long , across the 
axi s  of the Cascade Range . It is not the deepest canyon on the North American cont inent , but in its 
primit ive state it was among the more spectacul ar and beautiful  (F igure l ) .  Three of the major Cascade 
vol canic  cones , Mount Hood on the south and Mount St . He l ens and Mount Adams to the north ,  tower 
above the upl ands on e ither side of the canyon . Lesser Quaternary vol can ic  cones by the dozen are 
scattered on the canyon wal l s , on i ts floor, and across the entire width of the Cascade Range both north 
and south of the Col umbia . Many of them have repeated ly  spi l l ed l ava flows down tributary canyons into 
the main r iver . Ne ither they, nor the growing ant ic l ines and faul ts in the basement rocks beneath the 
Q uaternary and P l iocene vol canic cones , were abl e  to bar the river from its path across the C ascades , 
I nstead the Col umbia sawed them i nto natural geo logic sect ions ,  we l l  d isp l ayed on the canyon wal l s .  

Unti l temporari l y  trapped i n  giant mi l l ponds by man-made dams , the Col umbia R iver raced through 
its deep canyon in a series of boi l i ng rapids ,  whir l poo l s ,  and l ow waterfal l s .  It was a w i l d  river that 
defi ed the ear ly imm igrants ,  forc i ng most of them to detour around the sou th s ide of Mount  Hood so as to 
avoid the grea t l edges and c l i ffs of basa l t  tha t  barred passage by horse and wagon a long the Co lumbia ' s  
ban ks . A few pioneers r isked and conquered the river ' s  rapids by bui I d ing substanti a l  log rafts and f loat
ing downstream . Today , i n  on ly  one hour ' s  tim e ,  you can wh izz through the gorge via tunne l s  and over 
bridges on a 4-l ane d ivided freeway . The sme l l of paper pu lp  and the acr id smoke from a l umin ium p lants 
prevade the a i r . Burn ing waste from sawmi l l s  repl aces the fires of the I ndian vi l l ages . No longer do the 
sal mon l eap the fal l s  at Cel i l o  or streak through the rap ids at Cascade Locks . Ugly s l ashes through the 
forest mark the routes of transm iss ion I ines wh ich  carry e l ectr ic  power from the turb ines at Bonnev i l l e  and 
The Dal l es .  The huge "burns " from uncontro l l ed fire fo l l ow ing earl y logging operat ions ore now hea l ing 
beneath a scab of red ol der , huckl eberry , and second-growth coni fers . The tributary creeks and smal l 
rivers , most of them sti l l  crysta l c l ear and uncontami nated ,  cont i nue to sp i l l i nto the Col umb ia  over the 
spectacul ar waterfa l l s  or through the l ove ly  "del l s "  and "gorges "  (box canyons) that have del ighted al l 
trave le rs fortunate enough to take the time to see them . 

My geolog ic mapp i ng i n  the Col umbia R i ver  Gorge started i n  1 955 , and was supported by the U ,  S .  
Geologica l  Survey as a contr ibution to the geo log ic  map o f  Oregon (We l l s  and Peck , 1 96 l ) .  After pub
l ication of this map , additional fie l d  work , parti cul ar ly on the Wash i ngton side of the r iver ,  was resumed 
but many times i nterrupted and recessed . The mappi ng i s  now esse�ia.l l y  comp l ete and shou ld  be pub I i shed 
in a few years . 

T H E  F I E LD TR I P  

The geol ogy of the Col umbia R i ver Gorge i s  compl ex i n  deta i l  but orderl y i n  its major features . 
Th is  gu idebook presents onl y' a few se l ected areas of spec ia l  i nterest , chose n ch iefl y because of the i r  easy 
access ib i l ity by h ighway . An abbreviated col umn show i ng the strat igraph i c  sect ion is g iven  {Tab l e  1 ) ,  
but most deta i l s of the strat igraph ic  and petro logic h i story ore co ndensed or om itted . I nstead , attention 
in th is  guidebook w i l l be focused pri mar i l y  on three re l ative ly  s impl e prob l ems: 1 )  determ i n ing the fl ow-
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by-flow strat igraphy i n  two areas of the Yakima Basa l t  (one format ion  of the Col umb ia R iver Group of 
fl ood basa l ts) . 2) description of  two l ava dams of h igh-a l umi na o l iv ine basa l t  wh ich  temporari l y  b l ocked 
the Col umbia  R i ver  after it  had cut to approxi mate ly  i ts present l e ve l . 3) the orig in  and nature of the 
l ands! ides and debri s  fl ows (severa l  are st i l l moving) wh ich cont i nua l l y  crowd the Co l u mbia R i ver  as i t  
works down  t he d ip  s l ope of a major unconform ity . 

S tops are sched u l ed to see at l east one represe ntat i ve outcrop of each of the major strat igraph ic  
units . Weather perm itt i ng, stops from view po i nts are a l so schedu l ed to  "armwave " a t  some of  t he  ma jor 
structura l , geomorp h i c , and igneous features . 

The most useful topograph ic  maps of the Col umbia R ive r  Gorge are s ix  1 5 '  quadrang l e  sheets publ ished 
by the U . S .  Geol ogica l  S urvey . From west to east they are Camas , Bridal Ve i l , Bonnevi l l e Dam , Hood 
R iver ,  Wh ite Sa l mon ,  and The  Dal l es .  The Forest Service has made ava i l ab l e  an exce l l ent map and bro
chure show i ng roads , tra i l s ,  camps i te s ,  and recreat iona l areas . Pub  I ished geo logic  maps are few , cover 
on ly  smal l areas,  and are most l y  out of date , E ar ly  reconnaissance descriptions are by LeConte ( 1 874) , 
I .  W i l l iams ( 1 9 1 6) ,  and Bretz ( 1 9 1 7) .  

T H E  STRAT I GRAPH I C  SECT I ON 

T he fo l low i ng descript ions of the  format ions , arranged i n  order of decreas i ng age , supp l ement the 
i nformat ion l i sted in the strat igraph i c  co l umn of Tabl e 1 .  

Ohanapecosh Format ion equiva l e nt 
The oldest rocks exposed i n  the Col umbia  R i ver Gorge are zeo l it ized and arg i l l ized l avas and vo l 

can ic l ast i c  rocks . 
Stop 1 -4 * prov ides a typ ica l  examp l e . On the north  s ide of t he Col umbia they under l ie  extens ive 

areas  between Rock C reek and L itt l e  Wh ite Sa l mo n  R iver . South of the Col umbia t hey are masked by 
overl y i ng format ions except i n  a few smal l patches near the river bank . 

T hese a l tered vo l can ic  rocks are considered to be the equival e nt of the upper Eocene Ohanapecosh 
Format ion (Fiske , Hopso n ,  and Waters , 1 963) of Mount Rai n ier  N at iona l  Park; the ev idence , somewhat 
i nconc l us i ve ,  i s  as fo l l ows:  

1 .  When  traced westward i nto the Bonnevi l l e Dam a nd ad jacent q uadrang l es ,  i n creas i n g  amounts 
o f  o l i v i ne basa l t ,  thought to be the eastward exte nsion of t he Eocene Gob l e  basa l ts ,  i nterf inger with the 
domi nant l y  andesi t ic  l avas and vo l ca n i c l ast i c  roc ks typica l  of the norma l Ohanapecosh equ i va l e nt .  

2 . Reconna i ssance tra c i ng o f  the  Oha napecosh Formation southward from Mount  Ra i n i e r  N at iona l  
Park d i sc l osed w idespread deve l opme nt  of rocks w ith s i m i l a r  I i tho l ogy and zeo l  i t i c  a l terat ion i n  a l l of  
the deep canyons between Mount  Rai n ie r  and the Co l umb ia Gorge . 

T he base of the Ohanapecosh equ iva l ent  has not been found i n  the  Col umbia  Gorge area . A sect ion 
o f dom i nant l y  vo l ca n i c l ast i c  rocks exposed a l ong l ogg ing  roads in  Bear  C reek canyon , north  of Carson , 
is more t han 5 , 000 fee t  t h ick w i thout dup l i cat ion . Betwee n Carso n a nd Rock Creek a l tered o ndes i t i c  and 
basa l t i c  l a vas ,  i nterbedded with zeol i ti zed vo l ca n ic l ast i c  rock s ,  are equa l l y  t h i c k ,  so i t  i s  l i ke l y  t hat 
the total  t h i ckness of the Ohanapecosh equ i va l ent exceeds 1 0 , 000 feet . 

T he most str i k i ng feature of these rocks is the i r  u n i form and w idespread zeo l i t i c  and arg i l l i c a l te r
at ion . As a resu l t  of t h i s  a l tera tion ,  a l l pr i mary jo i nts , ves ic l es ,  and  o ther  cavit ies  were sea l ed ,  mak ing  
the format io n  a l most tota l l y  i mpermeab l e to  ground wate r , Matr i x  and c l asts of most vo l ca n i c l a s t i c  rocks 
o re so t i g h t l y  i ntergrown and cemented w i th he u l o nd i te , ce l odon i te , quartz , chabaz ite , c h l or ite , c l oy 
m i nera l s ,  and other secondary products that when struck w i th a ha mmer t he rock  b reaks across the l a va 
fragme nts i n stead of fo l l ow i n g  .the matr ix around t hem , Lovas ge nera l l y  appear to be l ess a l tered t han  
pum iceous pyro c l ast i c  roc ks ,  but  i n  many t he  g l assy matr ix has comp l ete l y  crysta l I i zed , fe l dspar pheno 
crysts a n d  mi cro l i tes  ore changed t o  m ixtures of  l aumont i te a n d  ce l odon i te , a n d  joi nts i n  t h e  l ava o re 
sea l ed w i t h  a var iety of zeal  i tes , quartz , and ep idote . 

* Stops are num bered accord i ng to day : 1 -4 is the 4th stop on the first day , 2- 1  the  1 st stop on the  
second day , 
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Tabl e 1 . Stratigraphy , Col umbia River Gorge 

A .  Al l uv i um ,  tal us , act ive landsl ides , and debris flows . 

B .  Ol ivine basalt  l avas , cinder cones,  and hyalocl ast ic  deposits; exampl es:  
Big lava Bed , c inder and l ava cones of Hood R iver val l ey ,  l avas and 
del ta from Wind R iver val ley , Mt . Defiance and Starvation andesites , 
major strato-vol canoes - Mounts St . He l ens, Hood , and Adams . 

W idespread ol ivine basalt  vol c anism . Examples :  Larch Mountain , Mt . Z io n ,  
Underwood and Wh ite Sal mon sh ie l d  vol canoes , Boring l ava of W i l l amette val l ey .  

Troutdale grave l s: 

Dal l es Format ion :  

Deposit ional fan from Col umbia R iver . 

Ch iefly stream deposited vo l canicl ast ic rocks; l ocal a irfoi l 
and nuee deposits . 

E l l e nsburg Formation :  Stream deposited pumice-rich vol can icl ast ic  rocks; local 
mudflow and airfoi l depos its . 

Yak ima Basa l t :  F lood basalts;  th ick thol e i it ic  flows,  p iU ow basalts ,  and 
hyaloc l ast ic tuffs . 

Eag l e  Creek Format ion :  Coarse cobb l e  grave l s  and other vol canic l ast ic rocks; 
most ly andesitic . 

Ohanapecosh Formation equ ival ent:  Zeo l it ized and argill ized l avas and 
vol canicl astic rocks , ch iefly of andesitic composit ion , 
b ut increasi ng i n  basa l t  toward the west . 
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Figure 2 .  South face of Hamil ton Mountain. The basal flow of Yakima 
Basa lt  (Y) fi l l s  an o ld  canyon in the Eagle Creek Formation (E) . (P) 
is an earlier fi II of stra tified pa lagonite tuff. 

Figure 3 .  Pomona Basa l t  flow, Mosier syncline, showing typical wedge
shaped joints. 
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At Mount Rai n ier N ational Park th ick tuff-breccias capped by a succession of th in  graded tuffaceous 
beds are typ ical of certai n  parts of the Ohanapecosh Format ion .  These were i nterpreted as products of 
pyrocl ast i c  eruptions under water,  d i stri buted outward from the vents by turbid ity fl ows (Fi ske , 1 963) . 
The same me chani sm seems appropriate for s imi l ar tuff-breccias and th i n graded-bedded tuffs i n  the 
Ohanapecosh equiva lent of the Col umbia R i ver Gorge , but a l arger proport ion of the pyroclast i c  rocks i n  
the Gorge appear t o  be bl ocky subaerial  nuee ardente , mud fl ow , and s l urry fl ood depos its , such a s  those 
descri bed and photographed by James G .  Moore dur i ng the recent erupt ions of Mayan Vol cano . Some 
Ohanopecosh tuff-breccias i n  the Col umb ia Gorge area cl ear ly  overwhel med forests , as show n  by abun
dant charred wood , and (more rare l y )  rooted stumps e ng u l fed at their  base . 

T he pervasive zeal itization of the Ohanapecosh equival e nt took pl ace before the overl y i ng rocks 
of the Eag l e  Creek Formation were deposited . Immed iately be neath the unconformity , the zeal it ized 
Ohanapecosh rocks al so have been deepl y  weathered and converted to a purp l ish -brown to red -brown c l ay 
saprol ite , wh ich is in many pl aces 1 0  to 1 00 feet thick . Reworked bits of this  c l ay sta i n  some of the basal 
beds of the Eag l e  Creek ,  normal ly  buff to pa le gray, to various shades of p i nk or reddish brown . As noted 
l ater ,  this  s l ippery cl ay-rich saprol ite has bee n of major importance in the deve l opment of the extensive 
debris-fl ows and l andsl ides on the north wal l of the Col umbia R iver Gorge . 

E ag l e  Creek Formation 
The Eagl e  Creek Formation was named by C haney ( 1 9 1 8) ,  and he conti nued to discuss its fossi l  fl ora , 

mostly obtai ned from beds near the mouth of Eag l e  Creek , i n  l ater publ ications ( 1 920 , 1 959) . H is l atest 
est imate of its age is l ower Miocene . At the type area on Eag l e  Cree k ,  an Oregon tributary of the 
Col umb ia , the formation is  chiefly vol canic l asti c  s i l ts ,  sandstones , and cong l omerates . The greatest 
thickness exposed south of the Col umb ia is 250 feet on McCord C ree k . North of the Columb i a ,  however , 
far th icker and more comp lete sections are exposed in the crescentic scarp at the head of the Bonnevi l l e  
l a ndsl ide and a l so o n  the upper sl opes of nearby Rock Creek canyon . Be neath the Yak i ma Basa l t  which 
caps Greenl eaf Peak (Figure 9) are a l itt l e  more than 1 , 000 feet of bedded vol canic  cong l omerate and 
tuffaceous sandstone . 

C l asts i n  the Eag l e  Creek cong l omerate consist a l most entire l y  of hornbl e nde-pyroxene andesite . 
The tuffaceous and sandy sedime nts formerl y contai ned much pumice and g l ass shard s ,  now al tered to c l ay 
m i neral s .  Cementation of these rocks is ch iefly by c l ay  and carbonate . S i l i c ified wood is abundant at 
many l eve l s  with in  the formation . 

The Eagl e Creek Formation is an accum u l at ion of vol canic l ast i c  rocks derived from local centers . 
Most of i t  was deposited from mud fl ows and s l urry floods washed from nearby act ive vol canoes . S i l l s  and 
p l ugs of s im i l ar composition cut Ohanapecosh rocks north and east of Rock Creek , and other sma l l i ntru 
sive s ,  now surrounded by al l uvi um on the south bank of the Col umbia east of C ascade Locks may have 
been feeders of the Eagl e Creek depos its . One basa l t ic l ava fl ow was noted in the Eag l e  Creek Formation 
north of Co l um bia R iver . Much la ter ( P l iocene to Ho locene) , p l ugs and d i kes of o l iv i ne basa l t  cu t th e 
Eag l e  Creek Formation a t  R ed B l u ffs and a t  other loca l i ti es .  Th e  forma tion th i ns ra pid ly when traced east 
a nd sou th from Green l ea f  Peaks, bu t i ts ex tension to th e nor th a nd northw est has been removed by erosion .  
Th ere i s  no reason to suppose tha t i t  extended far from present outcrops , h ow ever . Represen ta tive examp l es 
of E ag l e  C reek rocks w i l l be see n  at Stop 1 -2 .  

A s  prev iously noted , the base o f  the Eag l e  C reek Format ion rests o n  a saprol i te which  marks an 
anc ient zone of deep weatheri ng deve loped upon ti l ted and eroded Ohanapecosh rocks . The top of the 
E ag l e  Creek i s  a l so an eros ional unconformity . The format ion had been d i ssected to a rugged l andscape 
with a re i ief of severa l h u ndred feet  at the t ime the basal fl ows of Yak ima Basal t encroached upon this 
area from the east . The south face of Hami l to n  Mounta i n  (F igure 2) shows an excel l ent cross section of a 
deep va l l ey cut  into the Eag l e  Creek rocks and then fi l l ed by a t h i c k  fl ow of Yak ima Basa l t .  

Yak ima Basa l t  
T he Y ak i ma Basa l t  is pne of the most widespread format ions of the Co l umbia R i ver  G roup 0/Vaters , 

1 96 1 ) .  I n  the eastern part of the a rea covered by th i s  fi e l d  tri p ,  the Pomona F l ow ,  (F igure 3) a nd several  
of the units  named by Mack i n  ( 1 96 1 ) ,  are easi l y  re cogn i zed ( F igure 4) . These uppermost fl ows of Yakima 
Basa l t  are o l ivi ne bear ing and are chemical l y  d iss im i l ar (see S nave l y  and Macleod , i n  pre ss) to the " normal " 



1 40 GEOLOGIC FI ELD TRIPS 

Yakima Basa l t  which underlies them in central and eastern Washington. The Iotter is o sil ico-rich tholeiite 
verging on andesite . The normal Yakima flows are well exposed in the cores of the Bingen and Ortley 
onticl in.es (Figure 1 2) .  At many other places their thick flows can be viewed os continuous layers on the 
canyon walls, and ore easily traced for several miles (Stops 2-2 to 2-6). 

Figure 4 .  Yakima Basa lt  and E l lensburg Formation east o f  Lyle. Volcaniclastic 
rocks (V) overlie the Pomona Flow (P), which rests on four to five flows of the 
Priest Rapids member . (Photo by Oregon State Highway Division.) 

In  recent years there has been much interest in developing a flow-by-flow stratigraphy for these 
basalts and i n  finding criteria useful in correlating individual flows whose surface outcrops ore interrupted 
by erosion or by o cover of later deposits. These problems wi l l  be discussed ot Stops 1 - 1 2  and 1 -13.  

I n  the western port of  the Columbia Gorge, the Yakima Basalt has not been as  thoroughly studied os 
in the area east of the Cascades. Tentatively, it appears that these rocks represent deeper levels in the 
Yakima Basa l t  than those seen ot Yakima or in the eastern Columbia Gorge areas. An excel lent section 
of this western port of the formation is well exposed on Mul tnomoh Creek, and characteristic features of the 
flows ore summarized in Figure 5 .  A port of this section w i l l  be seen behind the Mul tnomoh Falls at Stop 
2-4, and additional opportunity to examine the basal flows wil l "  be provided at Stops 2-3, 2-5, 2-6, and 
2-7. 

An interesting feature is the great bluff of basalt at Crown Point (Figure 1 and Figure 6, and Stops 
1 -1 and 2-7). This is o remnant of o flow of Late Yakima Basalt that fil led o canyon more than 680 feet 
deep. This canyon was eroded into basalts which ore the cant i nuotion of those exposed ot the Mul tnomoh 
Creek section. Is this canyon the first record of on ancestral Col umbio River through the Col umbio Gorge? 
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Stratigraphic Section of the Yakima Basalt 
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F i gure  5 .  

Lithology 

Along Multnomah Creek, Multnomah County, Q...,gon 

Description 

Troutdale gravels. Cobbles are chiefly Yakima basalt. but a wide variety of other rock types. Sandy to tuffaceous 
matrix. 

Unconiormity 

10' cove red inte rval 

Hac.ldy entablature, collonade of 4 '  diameter columns. 
Intersertal texture, with abundant tachylyte pools. Abundant mk:rophenocrysts of both plagioclase and pyroxene. 

Entablature; blade·Like to wedge·Uke jointing; collonade 1' wavy columns. 
Intersertal, tachylyte rich flow, nonporphyritlc. 

Entablature: very long, small to bladed columns 3" to 6" thick. 

Collonade: short, massive columns 5'  to 8' diameter. 

IDtersertal, and rich in tachylyte in the entablature; collonade more crystalline but fine·grained and rich in brown 
crystallite filled glass. Both have sparse microphenocrysts of plagioclase. 

10' vesicular top and scattered vesicles throughout entablature. Coll011ade hu platy joints. 

Abundant microphenocrysts of plagioclase and pyroxene. and ra re  phenocrysts 1 em long. Intersertal 
texture. 

PWow lava. Many elongated streaks of lava and of hyaloclastic debris between patches of pillows. 

Abundant microphenocrysts of plagioclase and pyroxene. 

Two tiers of hacldy jointed mater1al. No collonade. 
Intersertal, scattered microphenocrysts of plagioclase and a few of pyroxene. 

flocky, vesicular zone at top which forms the marked hortzontal crevasse 100' above the base at Multnomah Falls. 

Entablature: Hackly thin columns ; collonade: 2 to 4 foot columns, 
Intersertal, sparse microphenocrysts of plagioclase and pyroxene. Abundant i.nterstittal chlorophaeite, 

Hackly entablature, weathering into roWlded fonn s ;  thin collonade. 

Intersertal, abundant microphenocrysts of plagioclase and pyroxene. 

Covered interval to level of Columbia River. 

S tra ti graph i c  sec t ion of the Ya k ima Basa l t  on M u l tnoma h Cree k . 
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The · basal t s  i n  the western part of the gorge have a un i form south-to southeast-d ip  of a few degrees . 
As a resu l t ,  erosion removed the basa l t  from wide areas on the Wash ington s ide of the r ive r ,  exposing the 
Ohanapecosh and Eag l e  C reek Format ions be neath . On the Oregon s ide , the Col umbia R i ver  cont i nuous ly  
underm ines the basa l t  a long t h i s  unconform ity; therefore , great b l uffs of  Yak ima Basa l t  r i se steep l y  above 
the narrow accumul ations of ta l us ,  l a ndsl ide , and stream depos i ts that l i ne the south bank of the Col umbia . 
Three th ick  fl ows wi th  short co l l onades and remarkab ly  th ick  and res i stant e ntab l atures are exposed at Cape 
Horn on  the Wash i ngton s ide of the R i ve r ,  and on the Oregon side these th ree resi stant f lows are respons i b l e 
for the exceptional series of h igh  waterfa l l s  i n  the Oregon tr ibutaries t hat e nter Col umbia R i ver  between 
Dodson a nd Crown Po i nt (Stops 2-2 , 2-4 and 2:-6) . 

The upper surface of the Yak ima Basa l t  a l so  is an u nconform ity . I n  the western e nd of the gorge , 
t he basal t  is ge nera l l y  over l a i n  by the Troutda l e  grave l s  (F igure 1 ) .  In the centra l part , where the Col umbia 
crosses the h i gher parts of the C ascades, P l iocene to Ho l oce ne o l i v i ne basa l ts ,  o l i v i ne andes ites , and 
pyroxene andes i tes (together  with the i r  characteri sti c mudfl ows and b locky nu�e ardente depos its) cap t he 
deep l y  eroded basa l ts (F igure 7 and F igure 1 ) . I n  the eastern part of the gorge vo l ca n i c l asti c rocks , i nc l ud
i ng the Dal l e s  Format ion and E l l ensburg Format ion , l ie d ire ct l y  upon the youngest fl ows of  Yak ima Basa l t  
(F igure 4 and F igure 1 2) . Farther northeast , i n  t h e  Yakima d i stri ct , t h i s  late Yakima Basa l t  i s  i nterbedded 
wi th  the E l l e nsburg Format ion . 

E l l ensburg , Dal l e s ,  a nd Troutda l e  Format ions  
AbOve the Yaki ma Basal t ,  i n  various structura l and phys iograph i c  sett i ngs, are cong l omerate and 

vol can ic l ast i c  rocks whi c h  conta i n  van i sh ing ly  sma l l  to l arge amounts of wh ite to pa l e-buff, fine -gra i ned 
quartz i te c l asts , some of wh ich  weather with a reddi sh ri nd .  

S uch  quartzite grave l s  have bee n  a cause of considerabl e confusion to workers i n  the Co l umbia 
Gorge . One wou l d  expect  that  anyth ing w i th such esoteric -l ook ing pebbl es  cou l d  be correl ated from 
p lace to p l a ce , but t hese pebb l es are jokers i n  such p l an s .  Al l that they mean is that the deposit conta i n 
i ng them rece ived contributions from streams that dra i ned areas of  Precambrian quartzi te i n  northeastern 
Wash i ngto n ,  Brit ish Co l umb ia ,  or Idaho . They are therefore characterist i c  of a l l deposits a l ong the Col umbia 
R iver from P I  iocene to the present . By no mea ns does their prese nce in  two d i fferent rocks ind icate equ iv
a l ence in  age , The " Satsop Grave l s "  of Bretz ( 1 9 1 7) are not necessar i l y  P l e i stocene , nor are the quartz ite
bear ing grave l s  at Underwood (Stop 1 - 1 1 )  corre lat ive with  the coarse grave l s  i nte rstrat i fied i n  the Yakima 
Basa l t  d i rect ly  across the Col umbia at the mouth of Hood R i ve r ,  a l though both were i nc l uded as " typ ica l  
a reas"  of the i r  " Hood R i ver Formation " by Buwa l da and Moore ( 1 930) . 

The o l d er l i terature offers no ready sol ution to the confu s i ng re l at ionsh i ps between these fl uv ia l  
depos i t s .  My tentat ive so l ut ion , which  probab l y  wi l l  be l ater mod i fied , refi ned , or abandoned , i s  to  
accept as va l id mappi ng un i ts three w idespread , named , P l iocene formations - the E l l e nsburg Format io n ,  
Dal l es Format ion ,  and Troutda l e  Format ion l isted i n  order of decreas i ng age . I n the east!!rn part o f  the 
gorge the E l l ensburg and Dal l es Formations are re l at ive l y  easi l y  d i st i ngu i shed i n  the Mosier  and Dal l es 
sync l i nes by superposi t io n  (at a few p l aces ) ,  by d i fferences in the d i rection of sed iment tra nsport , and by 
d i fferences i n  degree of deformation . Yet these d i ffe re n ces become ambiguous when we attempt to app l y  
them t o  outcrops on l y 1 0  m i l es or  more on  e i ther  t h e  north o r  sou th s ide of the Col umbia Gorge . For 
examp l e ,  pa l eocurren ts that deposi ted the E l l e nsburg Forma t io n ,  now re corded i n  outcrops on the west 
fl ank of the Ortl ey an t i c l i ne , were trave l i ng west , whereas those wh i c h  p i l ed up the Da l l e s  Format ion 
at i t s  type l oca l i ty were moving east and north . Yet the E l l ensburg Forma t ion i n  centra l Wash ington shows 
pal eocurrent evidence of having been deri ved ch i e fl y  from fresh l y  erupted pyroc l ast i c  debr i s  o ut of stocks 
and sma l l batho l i th s  l o cated a l ong the crest of the Cascades to the west . A s im i l ar source in  the OregQ1'1 
Cascades is i nferred for the dom inant  andes i t i c  to dac ite l ava cobb l es a nd pyroc l ast i c  debr i s  in the Da l l es 
Format ion  of north ce ntra l Oregon . 

The Troutda l e Format ion presents l e ss d i ffic u l t  prob l ems . A l l  geo l og i sts  who have studied it agree 
that it is a h uge grave l fa n deposi ted by ancestral Col umbia R i ver  as it debouched i nto the W i l l amette 
bas i n  w h i l e  strugg l i ng to ma i nta i n  i ts course across the grow ing a nt i c l i nes  a nd throug h  the act i ve l y  erupt
i ng l ate PI iocene-P i e i stocen'e vo l con i c  fie l ds .  The 750-foot sect ion of Tro utda l e grave l s  exposed on the 
north bank of the Co l umb ia  sou thwest of Mt . Z ion  vo l ca no (F igure 1 )  has  l a rge cobb I es wh i ch  are over 
95 percen t  Yak i ma Basa l t ,  and i ts matr ix i s  most ly basa l t ic g l ass or pa l agon i t i c  debr i s  (a good dea l of w h i c h ,  
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Mt. Hood-

Figure 7. Looking east up the Columbia River Gorge from a point above She l l  rock Moun
tain. The active Wind Mountain debris flow (DF) has squeezed Columbia River to the 
south bank. Shel lrock Mountain stock (S) and a part of the Wind Mountain stock (W) 
ore i n  the foreground. Port of Mount Hood volcano at  extreme right, Mount Defiance 
volcano (MD) in middle distance, Hood River Fault  Scarp on skyline. Yakima Basa lt  
(Y) lines most of canyon. (Photo copyright by Delano Photographics, Portland . )  
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howeve r ,  is from the h igh-ol um i na o l i vine  basa l t  of the H igh  Cascades ) . Yet i n  every outcrop a few 
quartz i te and quartz pebbl es  w i l l be found , a l ong wi th  res istant pebb le s  from the si l i ceous gra nophyr ic  
d ike rocks that abound i n  areas on the  roof and edges of the  Che lan  bathol i th i n  centra l  Wash i ngton . We 
wi l l  see an outcrop of typ ica l  Troutda l e  grave l s  at Stop 2-1 0 .  

W h e n  tra ced eastward i nto t h e  h igher parts of  t h e  Cascades the d isti nction betwee n t h e  Troutdal e 
grave l s  and the Dal l e s  Formation i s  l ess easy . The Troutda l e  acqu i res more hya l oc l ast i c  and pyroc l ast i c  
debr i s ,  and the perce ntage of coarse Yak ima Basa l t  pebb l es dim i n i shes . An  earl y stage o f  th i s  change i s  

. seen i n  t h e  road cuts a t  Stop 2-8 j ust  west of  Crown Po int . Farther east ,  a t h i ck  section o f  Troutda l e  
grave l s appears i n  the headwaters o f  Bridal Ve i l  and Mul tnomah C reeks beneath h ig h -o l umi na o l i vine 
basa l ts from Larch Mounta in . By the t ime one gets to the headwaters of Eagl e Creek , or to the strat i fied 
pal agoni tes  (w ith rare pebbl es  of  quartzite)  that merge through p i l l ow l avas w ith the o l iv ine  basa l t  cap of 
the Benso n  P l ateau , the d is t i nction between Troutdal e  and Da l l es is l ost . AI though i n  p l a ces unconform
i t ies l ie between them , I suspect  that the deposit ion that produced these three formations is a conti nuum 
i n  t ime . The str i k i ng l ocal  d i ffere nces that we see between them are mere l y  the chang i ng effects produced 
i n  d i fferent depos i t ional  bas i ns by ep i sod i c  to cont i nuous orogeny and vo l can i sm . 

Depos i t ion of quartz i te-beari ng grave l s  d id not stop w i th the comp le t io n  of the Troutda l e  gravel fan .  
S tream terraces of Col umbia R i ver ,  the deposi ts upstream from various l ava dams (for exampl e  at Stop 1 -6 ) ,  
t h e  deposi ts l eft by the Spokane F l oods, the channel  grave l s  of  present Col umbia R iver ,  and grave l s  dredged 
from the submar ine canyon of Col umbia R iver on the B l ake P l a teau (Griggs , a nd others , 1 96 1 ) a l l conta in  

. t he  ubiq u i tous quartz i te , and  a l so  the granophyre pebbl es  assoc iated wi th  t he C h e l a n  batho l i th . 

PI iocene to Ho locene basa l ts and andesi tes 
The H igh Cascades of northern Oregon and southern Washi ngton are a comp lex  vo l can i c  fie l d  of  

over lapping sh ie ld  vo l canoes composed most l y  of h igh-o l umi na ol iv ine  basa l t  and o l i vi ne  andesi te . R i s i ng 
above the ge nera l  l eve l of th is  sh ie l d -vo l cano up l and are the giant stratovo l canoes , of w h i ch Mount Adams,  
Mount St . H e l ens ,  and Mount Hood are the nearest ones to the Co l umbia R i ver Gorge . These are most l y  
pyroxe ne andes i te and o l i vine andesite , wi th a l i t t l e  pum iceous pyroxene dac i te . 

Eruptions of o l i v ine basa l t  bega n dur ing the l ater stages of depos i t ion of the Dal l e s  Formation of 
centra l  Oregon and conti nued dur ing and after the bu i l d i ng of the Troutda l e  fan .  Perhaps the youngest 
represe ntat ive in the Col umb ia R i ver  Gorge is the Big Lava Bed , It covers a l arge area north of Col umbia 
R iver i n  the W i l l ard quadrang l e (F igure 8) . F l ows form i ng the upper part of the B ig  L ava Bed trave l ed 1 8  
mi l es from t he crater a nd entered Co l umbia R i ver  at Orono Lake (Stop 1 - 1 0) .  The B ig  Lava Bed i s  so young 
that vegetation has not yet gai ned a footho ld  over much of i ts course . 

AN C I EN T  LAVA DAM S 

An o l der ser ies of i nt racanyon fl ows (greater than 35 thousand years by rad iocarbon dat i ng )  erupted 
from Trout Creek H i. l l ,  found the i r  way i nto the W i nd R i ver canyo n ,  fo l l owed it to its mouth , and entered 
Co l umb ia  R i ver on  a front  over 1 m i l e wide (F i gure 8) . Poss ib l y  re i nforced by i ntra canyon fl ows out of 
Herman Creek or from other l ocal  ve nts , the W i nd R i ver fl ows bl ocked Co l umb ia  R i ver w i t h  a l a va a nd 
hya l oc l ost i c  dam that pers isted l ong e nough for W i nd R i ver to bu i l d  a de l ta  at l east 1 50 fee t  t h i ck  a nd one 
m i l e  l ong i nto t he l ake above the dam before the Co l umbia R i ver destroyed it  (F i gure 8, and S tops 1 -6 ,  
1 -7) . Whether the remnants o f  the I avo dam o n  the Orego n shore at Herman C reek a nd i n  scattered out
crops dow nstream were erupted from vents on  the Oregon s ide , or ore ports of the W i nd R i ver fl ows that 
extended to the Oregon shore , i s  not certa i n . The depos i t  dammi ng the mouth o f  Hermon  Creek has a top 
at l east 1 00 feet  h i gher than the surfa ce of the l a va at the mouth of W i nd R iver ,  bu t th i s  cou l d  be the 
resu l t  of  warp i n g  or of heav i ng beneath a spec i a l  k i nd of l ands !  ide  wh ich  i s  preva l e nt a l ong the  bose of  
t he  h i g h  Yak ima Basa l t  c l i ffs south  o f  Col  umb io  R i ver . 

Near  the tow n of Hood R i ve r  a nother former l a va dam , bu i l t  port l y  of hyo l oc l ost i c  debr i s  a nd p i l l ow 
I ovas ,  re ce i ved contr i but ions from a who l e  ser ies of d i ffe re n t  o l i v i ne basa l t  vo l canoes l ocated on  bo th the 
north a nd the south s ides of  the Co l umbia . I ts i nferred pos i t ion  a nd sou rces ore shown  in F i gure 8.  We 
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Lava and Landslide Dams m the Columbia River Gorge 
--��--------------�---,.----------

Slurry floods end glociol ourwosh from 
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Wind Rivet delta formed when lhe Columbia 
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Figure 8 .  Mop of former lova doms, and of active landslides in the western port of the Columbia River Gorge. 
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w i l l have opportun i ty to v i s i t ,  or v iew from a d istance , th i s  dam at Stops 1 -1 0 , 1 - 1 1 ,  from our overnight 
stop at Hood R iver I nn ,  and at S top 2- 1 . At Mt. Defiance (F igure 7) and Starvation Butte , south of the 
Co l umbia R i ver , l ava cones of a ndesite have s i nce grown above the vents that produced a part of t h i s  
o l i v i ne  basa l t  fi l l .  

The  petro l ogy of the o l iv i ne basa l t  and o l i v i ne andesite sh ie ld  vo l ca noes , and of Mount Hood , Mount 
St . He l e ns ,  and Mount  Adams is be ing  a cti ve l y  invest igated by severa l geo l og i sts and w i l l not be treated 
on t h i s  trip .  

LANDSL I D E S  AN D D E B R I S  FL OW S  O F  THE  COLUMB IA R IVER GORGE 

The  Co lumbia R i ver  Gorge i s  a cl ass ic  area for t he  i nvest igat ion of rock fa l l s ,  l a nds! ide s ,  and 
espec ia l l y  debris fl ows . I t  a l so has i nterest i ng examp le s  of hydrau l i c  vert i cal r i se a l ong some stret ches 
of the river bank on  the Oregon s ide . These are somewhat s im i l ar to the Gatun s l ides of Panama Cana l . 
My work on Col umbia R i ver Gorge s l ides is not deta i l ed - to me they have been  a nu isance that h i des the 
bedrock geo l ogy - but certa i n  ge nera l  ideas as to the or ig i n and part i cu l ar k i nd of behavior shown  by 
d i fferent s l i des is defi n i te l y  re l ated to the regional geol ogy , a nd it is t hese aspects that  w i l l  be treated 
on the fie l d  t ri p . 

T he Bonnevi l l e  l ands! ide and debris flow 
T he north s ide of Col umbia R iver from Cape Horn to 2 m i l es east of W i nd Mounta i n  i s  bordered 

a l most cont i nuous ly  by exte ns i ve debr i s  fl ows that head i n  scarps whose bases are l oaded w ith ta l us ,  
rock  fa l l s ,  and l andsl ide debri s .  O f  these t he l argest and most typ i ca l  i s  the Bonnev i l l e  debris fl ow 
(F igure 9) . Another debris fl ow that i s  part i cu l ar l y  i nterest i ng because i ts act i ve l y  moving front is caus
i ng much d i stortion of tributary roads , h ighway , and rai l road , and w h i c h  forced the abandonment of a 
transm i ss ion  I ine ( now re l ocated arou nd the s l ide ' s  upper end ) ,  is east and northeast of W i nd Mounta i n . 
Other l andsl ides and debris f lows of the  same k i nd ,  but of sma l l e r  vol ume , fi l l  the l ow l ands betwee n Cape 
Horn and Pri nd l e ,  between Pri ndl e and Archer Mounta i n ,  and betwee n  Archer Mounta i n  and Beacon Rock . 

The cu l pr it  i n  every case is the th ick c l ay sapro l i te deve loped on the Oho nape cosh zeo l i t ized rocks 
before they were covered unconformab ly  by the Eag le  C reek Format ion or the basa l flows of Yak ima basa l t . 
The unconform i ty a t  the top -of the Ohanapecosh ,  wi th  i ts sapro l i te cap , s l opes gent ly  (2° to 1 0° ) toward 
Col umbia R i ver . Ra i nwater , penetrat i ng t he permeab l e  Yakima Basa l t  a l ong numerous col umnar and hack ly  
jo ints ,  i s  tra nsmi tted deeper by w ider-spa ced vert ica l  joi nts in  the Eag l e  C reek cong lomerates and sand 
sto nes . Water cannot e nter the Ohanapecosh Format ion at most p l aces because a l l joi nts and o ther open ings 
have been sea l ed by the zeo l i t izat ion , cel adon i t i zation , and org i l l izat ion wh i ch affected these rocks . So 
water p i l es up at  the sapro l i te boundary and converts  the sapro l ite to sl ippery cl oy . Then the vert i ca l l y  
jo inted formations above beg i n  to fa l l ,  t i l t ,  and g l ide downsl ope o n  th i s  unstabl e and wel l -greased sk id
board . (See F i gure 9 ,  espe c ia l ly  the c ross-sect io n ,  w h i ch shows how the l ands l ide is encroach i ng on the 
rema i n i ng undi sturbed remnants of Yak ima Basa l t  a nd Eag le  Creek Formation) . 

T h is s imp l e  mechan i sm accounts for a l l  major l a nds l ides and debr is  fl ows a l ong the north s ide of t he 
r i ve r . The toe of the flows g l ides i nto the  Col umbio R i ver , wh ich , prior to the bu i l d i ng of the man -mode 
dams, was powerfu l enough to carry the debris away . Howeve r ,  the forward mot ion of the act i ve western 
part of the Bonnev i l l e  s l ide  d id force the ri ver to the southern bo n k ,  caus ing  a big rounded bu lge in the-:
otherwise stra ight  course of the ri ver and produc i ng the rap ids at  Cascade Locks (F i gure 9) . S i m i l ar l y ,  
the l obe of  the a ct i ve W i nd Mounta i n  sl ide has reduced t h e  norma l w idth  of  t h e  r i ver  by ha l f .  

I n  P l e i stocene to Ho locene t i me ,  i t  i s  possi b le  that some spr ing , a s  the frost me l ted out o f  the deeper 
parts of the Bonnev i l l e  s l ide , downsl ope mot ion was resumed w i th enough speed to temporar i l y  dam the 
Col umbia R i ver and g i ve r i �e to the I nd ian l egend of t he Bridge of the  Gods . The W i nd R i ve r  l ava dam , 
a few mi l e s  farther upstream , seems defi n ite l y  too o ld  to account for th i s  l egend . 
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Figure 1 0. Wind Mountain Stock 0N); Ohanapecosh Formation (0); delta of 
Wind River behind lava dam (D); debris flows and landslide (DF). 

Figure 1 1 .  Beacon Rock, an eroded plug of olivine basalt rises from the north 
bank of Columbia River. 
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Hydrau l ic  rom l ands l ides on the south side of Col umbia R iver 
The outcrop trend of the top of the Ohanopecosh Formation slopes down the west side of Dog Moun

tai n  and crosses the Columbia R iver j ust east of the base of She l l rock Mounta in ,  where it is bowed up 
s l ight ly by the She l l  rock stock .  It then bends west and fol l ows rather c losely the bose of the l i ne of high 
basal t  c l i ffs that overlook the river  a long its south side as far west as Dodson . I n  this area definite out
crops of the Ohonapecosh Formation ore sma l l  and few and occur mostly in  the area immediately around 
Cascade Locks. Evidence that the Ohanapecosh Formation is near the surface throughout this area, however, 
is afforded by fragments of Ohanapecosh saprol ite in  the tal us and l andsl ide debris. East of Wyeth , red 
mud boi l s  up and spreads over the sands near the highway each spring,  and during construction of the road
bed simi l ar deposits from mud boi l s  were encountered in a few areas to the west . The base of the Eagle  
Creek Formation is exposed in  the l itt l e  amphitheater near the mouth of Dry Creek,  and Ohanapecosh 
soprol itic mud is squeezing out from beneath i t .  

A t  some points a long the highway between S he l lrock Mountain and Dodson, trouble with a n  unusual 
k ind of s low earth movement is occurring . Over sma l l  areas , genera l ly l ess than 500 feet l ong, the high
way is heaving up in  mounded masses . Some seem to be rel ated to swe l l ing of the toes of short l andsl ide 
tongues , others are more en igmatic in form and movement.  Un loading of thousands of cubic yards of loose 
tal us from the slopes above one of them has not a l l eviated the problem . The saprol ite , the Eag le  Creek 
above it - which is thin in this area and absent from some ports of i t  - and the Yakima Basa l t  al l dip 2° to 
8° south i n  this area . The l oad of Yakima Basa l t  and overly ing o l i vine basa l t  is great , 2 , 000 to 4 , 000 feet 
in most p laces . It seems l ike ly  that the great weight of overly ing basal t  is squeezing the sapro l ite mud up
dip toward the north ,  and forcing it to escape beneath the tal us and I andsl ides that spi II down from the 
h igh c l iffs . Here it may form a hidden wedge which is raft ing the overlyi ng ta l us downslope , or it may be 
heaving it up in brood , flat-topped p ingo-l ike hi l l s .  Such movement wou l d  be rather sim i lar to that of 
the Gatun s l ides in the Panama Canal which caused rise of the floor of the canal without marked caving 
of the sides . 

PLE ISTOCEN E GEOLOGY 

Comp l i cated fi l l s , recordi ng many di fferent P le istocene and Holocene events , block the mouth of 
every major tributary of Col umbia Ri ver in the gorge . Some ,  l ike the mudfl ow and sl urry flood deposits 
from Mount Hood that fi l l  the lower Hood R iver Val ley,  are chiefl y from one source ; others are much more 
comp l i cated . Some i nc l ude fi l l s  that were bui l t  upstream i nto tributaries of the Col umbia R iver by the 
Spokane (Missoula)  F loods . Ash fa l l s ,  perhaps mostly  from Mount St . Hel ens, are abundant i n  these com
pl icated fi l l s .  

The P le istocene and Holocene deposits have not been investigated . I f  one shou ld  wish to start such 
an i nvest igation , probabl y  the most rewardi ng area would be farther to the east,  perhaps in  the stretch of 
Col umbia River between Mosier and Pasco . In  the Gorge , undisturbed sections of the Pleistocene rocks 
are rare; they are genera l ly buried under tal us,  deformed by sl ides, or ripped to pieces by the Spokane 
Floods . 

I N TRUS IVE ROC K S  

I ntrusive rocks in  the Col umbia River Gorge are numerous and varied , but have not been studied 
in deta i l . Most conspicuous are the l arge stocks at Wind Mounta in  and She l l rock Mounta in  (F igures 7 and 
1 0 , and Stop 1 -8) . These are of hornb lende-pyroxene quartz diorite . Two sim i lar stocks occur at the head 
of the Wind Mounta in landsl,ide; many other stocks crop out in south-central Washington,  as we l l  as sti l l  
l arger masses such as the Spirit Lake , Bumping Lake , Tatoosh , and Snoqua lamie bathol iths . Southwest of 
Mount Hood are the Sti l l Creek and Laurel H i l l  i ntrusives. 
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Ve nts for o l i v ine basa l ts ,  rangi ng from the stri k ing Beacon Rock p l ug (Fi gure 1 1 ) to sma l l d ikes i n  
c ind�r cones , are scattered through t h e  area . Pl ug domes of andesi te-daci te rise i n  the tops of Mt . 
Defiance (Figure 7) and Starvation va l canoes; both  of these vents had earl ier contributed o l i v i ne basa l t  
to the compl ex that dammed the Col umbia a t  Hood R i ver  (F igure 8 ) .  

Other sma l l  stocks and p l ugs i n  an area near Cascade Locks resembl e cobb l es of  l ava found i n  the 
Eag l e  Creek Format ion , but not enough work has been done to establ i sh th i s  corre l at ion . 

Many p l ugs,  si l l s , and d i kes  occur in parts of the Ohanapecosh Format ion but most ly  i n  areas severa l 
mi l es north of the gorge . They range from a l tered gabbros to s i l i c i fied dac i te porphyries and probab ly  
record severa l epi sodes of  igneous act i vi ty . 

STR UCTURAL FEATUR ES  

Ma jor structura l  features wh ich  cross the gorge are t he Ortl ey ant i cl i ne (Figure 1 2) ,  t he  B i ngen 
ant i c l i ne ,  a nd the Mos ier sync l i ne between them . A l l three trend northeast in the gorge , but sw ing 
around to  a nearly easterl y d i rect ion whe n traced farther east . The Ortl ey anti c l ine shows two periods 
of deformatio n ,  one wh ich  fol ded Yak ima Basa l t  and E l l e nsburg Format ion ,  but not the Dal les  beds wh ich  
a re bonked aga i nst its south fl ank . The l ater deformation caused an en eche l o n  offset of the  fol d  to  the 
east , and the r ise o f  this fol d  deformed the Da l l es Formation . These anti c l i nes  probably started to grow 
d uri ng the l ater stages of Yakima Basa l t  extrusion, for the Pomona flow th ins and tapers out aga inst both 
fl anks of the Mosier sync l i ne . 

Some reports on the gorge re cord the presence of a Dog Mou nta i n  ant ic l i ne just west of the crest 
of the Cascades . Th i s  stru cture is not tru l y  an ant ic l i ne , but it l ooks l i ke one from across the ri ver because 
a s l ight warp in  a southward dipping homoc l i ne has bee n  undermi ned by Col umbia R i ver  in such a way that 
apparent d ips appear  to define a broad a nt i c l i na l  crest . 

Hood R iver Fau l t  
This  major norma l  fau l t  has bee � traced w ith e n  eche l on offsets , from 1 5  m i l es northeast of Hood 

R iver (where it d isappears under younger l avas) to near Bend i n  centra l Orego n ,  a d i stance of approx imate ly  
200 m i l es .  L ike a l l fau l ts i n  th i s  part of the  range i t  is ant ithet i c - the downthrow l owers the  crest of the 
range . Over  1 ,  000 feet of throw i s  present on the east side of the Hood R i ver Va l l ey .  About 40 feet of 
bre ccia occupies the fau l t  trace on N ee I Creek . Severa l sma l l c i nder cones a nd sh ie ld s  are on the trace 
of the fau l t , i nc l uding W h i te Sa l mon vo l cano (F i gure 8) and the l arge sh ie ld  vo l cano and cal dera of Monte 
Cr i sto Range . 

Sma l l  fau l ts with  approximate l y  the same tre � are prese nt at Cooke H i l l and on P�rham Creek . 
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Port l and fo Hood R iver 
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0 . 0  Broadway and Montgomery Street ,  Portl a nd , Oregon . Drive south o n  Broadway; 
at 0 .  3 enter Freeway and thereafter fol l ow signs for I nterstate 80 N , east toward 
T he Dal l e s .  At 0 . 8  cross W i l l amette R iver on Markham Bridge , stay i n  right l ane 
marked for The Dal l e s .  

8 . 2  Rocky Butte , a post-Troutdal e  o l iv i ne basa l t  vo l cano o n  left ;  numerous quarries on its 
s ides obscure underm ining produced by the P le i stocene Spokane F loods .  

1 7 . 3  Bridge over Sandy R iver .  On right , at top o f  bl uff,  note a fi l l ed l ava tube i n  fl ow
units from C hamberl in  vol cano, a post-Troutdal e  shie l d  of o l i vi ne basa l t  that occupies 
much of the d ivide between Col umbia and Sandy Rivers near the ir junction . 

24 . 1  Take Rooster Rock State Park exit , cross I nterstate 80 N ,  turn l eft ,  and fol l ow the rood 
to the end of the west park i ng l ot ,  near rest rooms . Bus un loads here , then proceeds on 
to the boat l a nd i ng at 25 . 2 .  

25 . 2  Stop 1 -1 • C rown Poi nt a nd  Rooster Rock 
Crown Po i nt (See Figures 1 and 6) i s  a remnant of a thick i ntracanyon fl ow of Late 
Yak ima petrograph ic  type , w hi c h  fi l l ed an early ancestral canyo n  of Col umbia R iver 
to a total thickness of nearly 700 feet . In the face of the b l uff, the l ower 1 30 feet 
of the fil l is strati fied pal agonite tuff, carried westward and foreset bedded by the 
a ncestral Col umbia R iver . Lava then advanced onto the hyaloc l ast ic fi l l ,  p i l i ng up 
quick ly in a series of flow-unit tongues to a thickness of 555 feet . Water ponded on 
the sides of the l ava fi l l  aga inst the old canyon wa l l  arrested some of the mol ten tongues 
as p i l l ow l avas (seen tomorrow at Stop 2-7) , but on the face visib le  from here the enti re 
thickness of l ava congea l ed as one cool i ng unit w i th an SO-foot basal col l onade,  and a 
very th ick (475 feet) hack ly entab l ature . Both col lonade and entabl ature show fan 
jointing - characterist i c  of l avas that coo l w ith wet feet . 
Rooster Rock is a l a nds l ide of a portion of the Crown Poi nt i ntracanyon fi l l . You can 
see the scar from wh ich  t he s l ide came on the c l i ff above . Note rotated bedded pal a
gon ite capped by fan-jointed col umns and hack ly entabl ature i n  the s l ide . Severa l  
j umbl ed b l ocks are present . Rooster Rock itse l f i s  a spire from the entabl ature . 

26 . 2  Return to I nterstate 80 N and conti nue east . H igh b l uffs o f  Yakima Basa l t  o n  right , 
u nconformably  overl a i n  by Troutda l e  grave l s ,  which are capped i n  turn by o l iv ine 
basa l t  flows from Larch Mounta i n  and Pepper buttes .  Across r iver at Cape Horn are 
three fl ows of Yakima Basa l t  which make an exce l l ent strat igraph ic marker . Troutda le  
grave l s  cap the Yak ima Basal t  unconformab ly ,  and are overl a i n  i n  turn by l avas of the 
sma l l Mt . Z ion o l i v ine basa l t  sh ie l d . 

32 . 6  Mul tnomah Fal l s  o n  r ight . We w i l l stop here tomorrow . Across the r iver  ( l eft) F l etcher 
F l at and Archer Mounta i n  are out I iers of Yakima Basa l t , the ir south ends obscured by 
tal us and I andsl ides . 

35 . 0  The base o f  the Yak ima Basa l t  shou ld  appear at about r iver l evel  here but i s  drowned 
beneath ta l us ,  fans , sl ides, and r iver-terrace deposits . Fragments of Eag le  Creek 
Formation are found i n  this surfi c ia l  debr i s ,  but the fi rst good outcrops of the Eag le  
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Creek ore at McCord Creek . Across the Co l umb ia  you catch occasiona l g l impses of 
Beacon Rock , o n  eroded o l iv ine  basa l t  p l ug wh ich  r i ses more than 800 feet above river 
l eve l . 

39 . 0  McCord C reek;  250 feet o f  Eag l e  C reek vo l can ic l ast i c  sed iments ore exposed beneath 
the bose of  Yak ima Basa l t  at  E lowoh Fal l s .  

· 

40 . 7  V iew Stop (do not u n load bus). T h e  south e nd o f  Ham i l ton  Mounta i n ,  across Col umbia 
R iver ,  exposes a cross sect ion of on anc ient canyon cut i nto the Eag l e  C reek Format ion 
and fi l l ed by a flow of Yak ima Basa l t  (re fer to F igure 2) . Farther upstream is the fi rst 
v iew of the Bonnev i l l e  l andsl ide , a nd gl impses of Bonnev i l l e  dam con  be obta i ned from 
a round the next be nd . 

42 . 6  Eag l e  C reek;  the type loca l i ty of  the formation . 

44 .6  Toke Cascade Locks ex i t  and  cross t he  Co l umb ia  on tol l bridge . 

45 . 6  J unct ion with  Wash ingto n H ighway 1 4  (U S 830 o n  topograph i c  mop); turn r ight . You . 
o re now sk i rt i ng the toe of the Bonnev i l l e  debris fl ow . Note hummocky ground , and the 
j umbl e of rocks from d i ffere nt formations i n  t he s l ide . As you pass Ash Lake (46 . 7  m i l es )  
you hove a good v iew of the cl i ffs forming the scarp at  the head of  the l ands! ide . 

47 . 4  Stop 1 -2 .  Eag l e  C reek Format ion 
Exami ne the I orge block of Eagle  Creek Format ion perched on edge at ra i l road tra ck and 
others in the rood cut . What k i nd of rock makes the bou l ders?  W hat i s  the matr ix? 
What forms the cement? How do you accou nt for i ts bedd i ng? 

47 . 7  Stop 1 -3 .  Overview of  Bonnev i l l e  Debri s F l ow (see F igures 8 and 9) . 
The sole  of the debr is flow is a saprolite at the unconformity between Oho nopecosh 
Format ion  and over ly i ng Eag l e  Creek . Rock  fa l l s and l andsl ides pee l off from the c l i ffs 
of vert ica l l y  jo i nted Eag l e  C reek and Yakima Basa l t  at the head of the s l ide and then 
g l ide s low ly  toward i ts toe . The unconform i ty s l opes SSW at 2° to 8°  (see F igure 9) . 
Note the second unconformi ty between Eag l e  Creek and Yakima Basa l t  at Green l eaf  
Peak  (F igure 9) . 

48 . 0  Town of Stevenson ;  outcrops of Ohonopecosh equ iva l ent beg in  at east edge of town . 

50 . 7  Stop 1 -4 .  Port A :  Ohonapecosh Format ion Eq u iva l e nt 
A typ ical outcrop of the Ohonopecosh as it is deve loped in the Co l umbia R i ver  Gorge . 
Identify the zeo l ites ,  the green and b l ue -gree n a l teration products , the mater ia l  that 
makes up the wh ite ve i n l e ts .  Wal k forward to bus wh ic h  has moved 0 . 1 m i l e  to east . 

S top 1 -4 . Port  B: Ohono pecosh Puzz l e  
Many outcrops of  Ohonopecosh rocks ore ambi guo us . What ore the d iffere nt rocks i n  
t h i s  outcrop , and how ore they to be i nterpreted structura l l y  and petro log ica l l y?  Are 
you abso l ute l y  sure of your i nterpretat ion?  

5 1 . 4  Toke C orson ,t urn off ( l e ft ) . The bus c l i mbs onto the fi l l  o f  o l i v ine basa l t  i n  the W i nd 
R i ver vo l l ey . These basa l ts come from the Q uaternary sh ie l d  vo l cano at Trout Creek 
H i l l  ( F igure 8 ) .  
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B us w i l l l e t  anyone off who wants to coll ect add i t ional  (and d ifferent) zeo l i tes  from 
those at Stop 1 -4 .  It the n proceeds one footba l l fie l d  farther to Stop 1 -5 .  

Stop 1 -5 .  W ind R i ver  lava (south edge o f  Carso n )  
Collonade and entablature of  an o l i v i ne basa l t fl ow in ro.adcut . · Note o l i vi ne pheno
crysts a nd phenocryst c lots . One block ahead note vertica l  jo i nts in the h igh ly  ves icu
l ar top of same flow . S i m i l ar l a va occurs across Co l umbia R i ver  i n  the  mouth of  Herman 
Cree_k and in patches as far west as Cascade locks . (See F igure 8 . )  

T urn r ight (east ) at ye l low b l inker i n  Carson , and after cross ing va l l ey turn r ight (south ) 
at St . Marti ns J unct ion . 

Stop 1 -6 .  W i nd R i ver  De l ta Sand , and W i nd R i ver  lava 
N ote cross=bedding , expla i n  i t s  or ig i n ,  and the d i rect ion of foresets . These re l ations 
ore c learer at next stop . Note W i nd R iver o l i vine basa l t  at l ower end of roadcut . 

Re jo in  H i ghway 1 4  ha l f  a m i l e  ahead , turn  l eft .  

T urn l e ft  onto quarry road . 

S top 1 -7 .  W i nd Mounta i n  Sand Q uarry 
Del ta i c  deposit bu ilt i nto a lake i n  Columbia vol l ey dammed by the W i nd R iver  flows . 
Note cross-bedding a nd nature of part i c l es that make the sand . log i n  depos i t  gave age 
greater than 35 , 000 years by radioactive dat ing . lower (south ) marg in  of the de l ta has 
been cut off, and has recei ved deposits from the Spokane F lood . 
Return to H ighway 1 4  (at 55 . 4) ,  turn l eft (east) .  

Stop 1 -8 .  Wind Mounta i n  and She l l rock Mountai n  Stocks 
Hornblende-pyroxene quartz diorite . Three stocks are v i s ib le  from here , two more are 
1 !  m i l e s  north of W ind Mounta i n .  A north -south l inear band of these stocks,  p l ugs 
a nd si l l s  ranging in age from 1 3 . 4  to 7 . 8  m i l l ion  years runs the ful l l ength of the Cascades . 
Many breached the surface , and are t he source of the andesite -dac ite debris  that forms the 
vol can ic l ast i c  rocks of the. E l l e nsburg and of the Dal l es Formations . Note the strong 
p l aty joi nt ing  at marg i ns of t he stocks and the rings of ta l us around t hem . Basa l t horn-
fe l s  is found at the edge of the W i nd Mounta in  stock on the north and east ;  a m i l d  hydro 
thermal a l te ration (org i l l ization of g l ass and m i neral o id ,  and fi l l i ng of cavit ies w ith  
opa l ) pervades the Yak ima Basa l t  out to about 1 mi le  from th i s  group of three stocks . 

Turn l e ft onto Berge n Road , wh ich  traverses the act ive W ind Mounta i n  l andsl ide . Note 
bumps and d ispl acements on road; and the "drunken forest " on e i ther side . 

Stop 1 -9 .  W i nd Mounta i n  Act ive lands! ide · 
( Junct ion of Berge n a nd Gi rl Scouts Road) .  Note effects of l ands! ide  on  former pave 
ment , on forest , and on house . Note a chunk of red sapro l  i t ized Ohanapecosh among 
t he jumbl e of d i ffe rent rock types i n  the road cu t . Turn around and return to H i g hway 
1 4  (5 8 . 4  mi l e s ) ,  tu rn  l eft .  

Yak ima Basa l t  on l e ft ,  a nd i n  the b ig bl u ffs across the r i ve r ,  rests on Ohanapecosh 
equ iva l e l'\t . The Eag l e Creek Formation has e i ther p i nched out or ( l e ss l ik e l y )  been  
e roded . The unconformity at the b ase of the  Y ak i ma crosses Col umb ia  R i ver j ust up 
stream from the W i nd Mou nta in  - She l l rock stoc k ,  and upward drag on the east marg i n  
of the She l l  rock stock br i ngs a sma l l patc h of  Ohanapecosh (converted t o  hornfe l s )  
above r iver  l eve l on t h e  Orego n s ide . 
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Two i nterbeds between Yakima Basa l t  A ows can be seen on l eft , about 1 00 yards west 
of the bridge over the mouth  of L itt le Wh ite Sal mon R iver .  

Stop 1 - 1 0 .  Dra no  Lake 
Unconformable relations of l avas from Underwood vol cano , and of "The Big Lava Bed " ,  
to the Yak ima Basal t are wel l  show n .  Faul t on Cook H i l l ,  

I n  the roof of the second tunne l , the westward t i l ted entabl ature of a th i ck Yakima 
flow i nd icates that the d i rection of flow was westward . 

After passi ng sawmi l l  at Hood , note that the unconformity between Yak ima Basa l t and 
Underwood l ava is marked for more than a m i l e  by pi l low l avas , i nd i cating that here 
t he basal Underwood l avas were pouri ng i nto an ancestral Col umbia R iver .  

Stop 1 - 1 1 .  Q uartz ite-beari ng Grave l s  a t  Underwood 
I ntroduction to the problem of identifYing and tracing such units as " Satsop grave l s " ,  
" Hood River conglomerate " ,  "Warrendal e Formation " ,  "quartzit ic grave l s " ,  and even 
such wel l -accepted names as E l l ensburg Formation , Dal l es Formation , and Troutdal e 
Formation . Some of the criteria I use w i l l be expl ai ned . What is the physi ca l  re l at ion 
and the re l at ive age of th is gravel to the l avas from U nderwood vol cano? To the Yakima 
Basa l t? How sure can you be? 

Immed iate ly after crossing the bridge over the mouth of Whi te Sal mon R iver , note strat
i fied pal agon ites and p i l l ow lavas i n  the basal flows from Wh ite Sal mon vo l cano;  the 
pal agonite i s  at road l eve l , the p i l lowed A ow about 20 feet above . 

Bridge over Col umbia ;  stay on H ighway 1 4 .  

Town of Bi ngen . A t  the west end of B ingen you cross two strands o f  the Hood R iver 
Faul t (Figure 8) exposed only as smal l patches of fau l t  breccia a long the r iver  bank . 
Wh ite Sal mon  vo l cano l ies on one strand of the faul t ,  
East o f  Bi ngen note (on l eft)  the B ingen ant ic l i ne ,  a b ig fo l d  i n  the Yakima Basa l t . 
You can see a good cross section through the anti c l i ne .  

Approach i ng Locke Lake , note the huge cl i ff that shoves both ra i l road and h ighway 
i nto deep cuts at the r ivers edge at Stra ights Po int at 76 . 0  m i l e s .  It is formed by a 
th ick ser ies of fl ow units of porphyrit ic o l i v i ne-bear ing Yakima Basa l t  of the Late Yakima 
petrographic type . Of Hoover Mack i n ' s  ( 1 96 1 ) named Yakima Basa l t  members i n  the 
Vantage area , th i s  i s  e ither the Roza , or the Frenchmen Spri ngs , competent geo logists 
argue about which , but c l ear ly from its strat igraph ic  posit ion it i s  at the l eve l of these 
two units .  I f  t ime permits we wi l l stop here to see the fl ow un its , vesic l e  sheets , and 
vesi c l e  cy l i nders characteristic of th i s  h uge cl i ff-form i ng strat igraph ic  marker . 
After you round Stra ights Po int  the fi rst of Mack i n ' s  Priest Rapids flows comes i n  as a 
p il l ow l ava-pal agonite comp lex , Down the road to the east you see the characteri st ic 
b l ack c l i ff of the Pomona fl ow s lanting down toward r i ver l e ve l . 

Road enters cuts i n  the Pomona flow . Note characterist ic  b l aded jo i nt i ng i nto wedges 
a nd spear-shaped s l abs (see F igure 3) .  We cross the axis of the Mosier sync l i ne in about 
1 m i l e , and the n the Pomona begins to r i se above road l eve l . 

Stop 1 - 1 2 .  Chamber l a i n  Lake Rest Area 
Di scussion of basal t  strat igraphy for the Late Yakima flows (see F igure 4) and of the 
structure of this part of the gorge . 
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80 .5 Tow n  of Lyl e . See F igures 4 and 1 2  for the succession of f lows above the tunne l s 

wh ich  we enter just east of Lyl e . 

83 . 9  Stop 1 - 1 3 .  Ort l ey Anti c l i ne 
Exami ne Roza flow at the bus stop , note phenocrysts and red weather ing . The cl i ff 
sect ion  d i rect ly above bus shows the Priest Rap ids flows , the n  Pomona , then vo l can i
c l asti c rocks and  conglomerates that are E l l e nsburg Format ion equiva lents . A few 
hundred feet to the east this section turns up to a vert ical posit ion  and a th ick succession 
of  Yakima flows of normal petrographic type are exposed beneath it from here to the 
axis of the Ortley ant ic l i ne . Q uestions: 1 )  Is th is an antic l i na l  l imb or a fau l t?  
2) By what mechanism can basa l t  flows be sharp ly flexed or fo lded? 3) What  is  the 
orig in  of the verti cal wal l s  of breccia above the road? 4)  Where i s  the cont i nuation 
of this structure on the opposite side of the river,  and does it  occur at the same strat i 
graphic l eve l  a s  on th is s ide?  

E N D  OF T ODAY ' S  TR I P  Return to  bus ,  retrace our route to  the Hood R iver bridge , cross on i t  to the 
Oregon side . The Hood R iver I nn ,  where we w i l l spe nd the n ight , i s  immediate l y  
to  the l eft after you cross the to l l  bridge . 

M ILES  

R OAD L OG (Second Day) 
Hood R iver to Portl and 

0 . 0  Hood R iver  I n n .  From park i ng e ntrance o f  the I nn note the profi l e  o f  Underwood and 
Wh ite Sa l mon vo l canoes - each is a l ava shie l d ,  with part removed by Col umbia R iver . 
Wh ite Sa l mo n  sh ie l d  is capped by a c i nder cone . Note the ''War Bonnet " (a fi l l ed l ava 
tube ) i n  one of the fl ows at the brink of Wh ite Sal man c l iff. A white house is perched 
on i t .  Underwood Mountai n is capped by a complex spotter rampart from a d ike , wh ich , 
dur i ng the c losi ng phases of erupt ion,  cul m i nated i n  three c inder cones . 
Take I nterstate 5 West , bypass i ng the tow n  of Hood Ri ver . The Hood R iver  va l l ey i s  
fi l l ed with sl urry fl ows and mudflows orig inating on Mount Hood , but these are not wel l 
exposed on this h ighway . 

2 . 4  North Hood R iver  I nterchange . F lows o f  Quaternary ol i vi ne basal t  show ing exce l l ent 
coarse diktytox it ic texture and ves ic le  cy l i nders are exposed here . 

3 . 2  View Stop (do not un l oad) to see a spi rac l e  i n  the base o f  a Quaternary ol i vi ne basa l t  
flow at the poi nt where it crossed a smal l cree k .  The creek reformed i n  its o l d  channel 
after t he flow congea l ed ,  and now emerges i nto the roadcut as a spri ng . 

3 . 8  Stop 2- 1 . P i l l ow-pal agonite Comp lex 
Q uaternary ol i v i ne basal ts pouring into ancestral Col umb ia R iver  from two d i rect ions 
produced this comp l ex . They , a long with other flows spreadi ng north from ce nters 
near and east of the town of Hood R iver , pl us other f lows movi ng south from Underwood 
and Wh ite Sa lmon  vo l canoes on the north s ide of the r iver ,  probab ly created a temporary 
dam i n  the Col umbia at th is  point . Very l i ke ly the abundant part ic les  of basa l t  g l ass 
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sand and s i l t  wh ich are such important const ituents of the matrix of the Troutda le grave l s  
were deri ved· from these and other flows that were quenched and granu l ated a s  they 
entered the ancestral Col umb ia . 
Note how di rection of fl ow , and amount of l ater deformation , is i nd icated by the fore
set beddi ng of p i l l ow l ava-pal agon ite complexes (Ful l er ,  1 931 ) .  
Note exampl es o f  hol l ow p i l l ows, dra i n  tubes i n  p i l l ows, p i l l ow breccias ,  and p i l l ow 
streaks .  Note ,a l so ,  how a th in  r ind of d iageneti c pal agonite has formed on the s ider
ome l ane sel vage of the p i l l ows , and that even the ye l low breccia matr ix is most ly  bits 
o f  granu l ated s iderome lane g l ass w ith a thi n ri nd of  pal agon ite . 

7 . 0  View Stop (not enough room to un l oad bus) . 
Weather perm itt ing,  the re l ations across r iver, seen  yesterday at Orono Lake , can be 
reviewed here . 

1 2 . 0  Round i ng She l l rock Mounta in  stock .  N o  room for a stop . 
Note huge tal us pi l es crowd i ng h ighway toward r iver . Because of abundant jo ints , the 
P l iocene to l ate Miocene intrus ive masses of  the C ascade Mounta i ns are near l y  a lways 
surrounded by ta l us ,  or covered with fe l senmeer . 

1 3 . 0  H ighway i s  heaving upward . Remova l  o f  many thousand cubic feet of mater ial o n  s lope 
above h ighway has not re l ieved th is prob l em . Between She l l rock Mounta in  and Dodson 
the H ighway Department has encountered much d i ffi cui ty of this k ind , probab ly  because 
of the presence of the Ohanapecosh sapro l ite j ust beneath the surfic ia l  cover of tal us 
and other debris at the base of the great cl i ffs of Yakima Basa l t . Th i s  probl em w i l l be 
d iscussed (with maps) at the I unch stop; there are no suitab l e  turnoffs to demonstrate it 
from the H ighway . 

1 7 .  1 T ake Forest Lane - Herman Creek turnoff . 

1 7 . 2  View Stop (at stop sign ,  just before enteri ng underpass ) . 
Governme nt Po i nt stock,  a poss ib le  feeder of the Eag le  Creek rocks . A smal ler  mass , 
with col umnar jo i nt ing , poss i bly  the remnant of a s i l l ,  is exposed a l ongside t he h ighway 
ha l f  a m i l e  east , and severa l more occur with i n  an area of about 3 square m i l es .  

2 1  • 0 Town of Cascade Locks;. rest stop . The town park is at the site of the o l d  l ocks bu i l t  to 
get boats over the rap ids where Col umbia  R iver  is crowded south by the Bonnev i l l e  
l andsl ide . 

23 . 4  Tooth Rock Tunne l . Bonnev i l l e  Dam on right . 

27 .5  Good exposures of Eagle Creek Formation i n  roadcuts . 
Views of Beacon Rock across ri ver . 

29 . 1  Take Scen ic H ighway_ at I nterchange . Sa int Peters Dome r ises h igh on the c l i ff at l e ft . -

30 . 8  Stop 2-2.  Horseta i l  Fal l s  
The falls dash over the entab la ture of a very th ick strat igraph ic  marker flow , poss ib ly 
the basal flow of the Yakima Basa l t  at th i s  l oca l ity . A l itt l e  of the col l onode of the 
next fl ow above con be seen at the top of the fal l s .  

3 1 . 1  Stop 2-3 . Oneonta Gorge 
Here a waterfa ll has retreated through  two hock ly entabl ature-! ike units form i ng a 
narrow box canyon . Traced eastward , these two fl ow un its merge i nto one hockly 
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e ntabl ature , wi th  the upper un i t  push i ng westward over the lower one on ramps . At 
t he west end of the abandoned bridge note tree mo lds  in the base of th i s  fl ow . John 
A l l e n  (undated , p .  1 4) found 65 tree mol ds al ong the base of th i s  fl ow , a l l of wh ich  
are a l igned " genera l l y  east -west " .  Combi n i ng Al l en ' s  observations with the ramp struc
t ures j ust seen ,  we infer that this fl ow came from t he east . 

33 . 4  S top 2-4 .  Mu l tnomah Fal l s  
Refer to F igure 5 for details of the face of the waterfa l l .  N ote parti cu lar ly  that 1 5  feet 
of the basal col l onade pf a th i ck flow forms the top of the fal l s ,  and that a p i l l ow l ava 
i s  t he next un i t  be l ow th is  col lonade . 

33 . 9  Wahkeena Fal l s . (View of cataract , but c:lo no t  un load bus) . 

35 . 9  Cookey Fal l s  quarry . The spec imen of Y ak ima Basa l t  known  a s  BCR- 1 , used extensi ve l y  
as a standard by chemi ca l  analysis l aboratories , was col l e cted from the west floor of th i s  
l arge q uarry . 

36 . 4  J unct ion; stay l eft ,  on the Sceni c H ighway . 

38 . 0  S top 2- 5 .  Sheppards De l l  
The f low here i s  typica l of a group of three , each w i th a h uge entab la ture . The three 
form an exce l l ent  stra tigraphic marker throughout th is part of the gorge . Th ey are near 
the base of the Yakima Basa l t .  The la te Yakima f lows that w e  observed y�terday do not 
occur i n  th is  part of the gorge , except for the one intracanyon fl ow at C rown Point ,  
wh ich chemica l l y  seems to resemb le  Macki n ' s  Priest Rapids member but may be from a 
d ifferent source . 

39 . 2  Stop 2-6 . Latoure l l Fal l s  
Near the base of the fal l s  a bed of boul der conglomerate i s  exposed , evident l y  t he 
c hanne l deposit of a swi ft ly  f lowi ng r i ver . The col l onode rest i ng on it shows fan jo i nt
i ng - characterist i c  of basa l t  flows ch i l l ed by wet feet . The flow be l ow t he conglom
e rate , exposed i n  the rapids downstream from the  fa l l s ,  has d i st i nctive p henocrysts 
wh ich  a id  in traci ng i t  l atera l l y . 

41 . 1  Stop 2-7 . P i l l ow Lavas i n  a Tongue from the Crown Poi nt l ntracanyon F l ow .  
West of Latourell Falls the Scen ic  H ighWay begins to ascend to C rown Poi nt i n  a ser ies 
of loops wh ich  coi ncide from p l ace to pl ace with the o ld  canyon wal l aga inst wh ich 
the Crown flow banked . P i l l owed tongues from th i s  flow can be seen at  interva l s  a long 
the road . T h is stop i s  made at the paint where the p i l l ow structure is most obvious 
because it has been brought out by weatheri ng . Refer to F igure 6 for a schemati c  
d iagram of t he  i nferred re l ations of t hese pi l l owed tongues to  the o l d  canyon wal l . 

4 1 . 6  Crown Po i nt Vi sta House . I f the day i s  c l ear  w e  w i l l stop here for the except iona l 
v iew; part icu la r ly  for the re l ations - we l l  shown across the r iver - of the three th ick 
basa l Yak ima fl ows at Cape Horn to the Troutda le  grave l s ,  and to the l avas from post
T routda le  Mt . Z ion vo l cano . Up r iver ,  Archer Mounta i n  and t he attendant l a nds l ides 
at its base are c l ear l y  vis ib l e ;  Beacon Rock and Bonnevi l l e Dam can be seen in the 
d i stance . On the Orego n side , t he north -s lop i ng horizon above the great Yak ima 
Basa l t  c l i ffs i s  the surface of the l arge Larch Mounta i n  sh ie l d  vol cano . The two rounded 
bumps c l oser to us are sate l l i t i c  c inder and l ava cones ( Pepper Mounta i n  and an unnamed 
butte to the south )  on the fl ank of the Larch Mounta in  shie l d . 
Downstream the view is l e ss i nvit ing . The pu l p m i l l a t  Camas and the a l uminum p l ant 
at Troutda le change the air  to m iasma . Geolog ica l l y  the Troutda l e  grave l s  a nd flows · 
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M ILES 
from o l ivine basa l t  vents, most ly  younger than the Troutdal e ,  dominate the l andscape . 
The Boring lava of W i l l amette Val l ey east of Portl and is part of these . The base of the 
Troutdale grave l s  rests an successivel y  younger Yakima flows on the south side of the 
river; this rel ationship can be traced eastward in the headwaters of tributaries of the 
Col umbia River w here Troutda le  grave l s  l ie beneath the l avas of larch Mountai n .  

42 . 0  Stop 2-8 .  O l ivine Basal t  F low 
I nterstratified with Troutdale grave l s  and sands . Note the high percentage of weathered 
sideromelane glass in the sands and a l so interesting features along the basal contact of 
the l ava . Note cross-bedding and shing l ing , ind icating transport to west . 

42 . 8  Stop 2-9 . Port l and Women's Forum State Park 
Another excellent view point " Dedicated to the preservation of the natural beauty of 
the Col umbia River Gorge . "  A l so  known as Chantic l eer  Point .  Striking view of 
Rooster Rock.  The history of these names and the i nterest ing erosion of fence rai l ings 
w i l l  be d iscussed . 

44 .4 Corbett J unctio n ,  keep left. 

45 . 2  Be l l  Road Junct ion,  take Bel l  Road to right , as i t  i s  a shortcut . 

46 . 2  Rejoin H ighway a t  stop sign . N umerous cuts in  Troutdal e  grave l s  beyond this junction . 

48 . 1  Stop 2- 1 0 .  Troutdale Gravel s  (Stop at bend , l eft side of road) 
Cobble components: How many different kinds of rocks are present,  and roughly in  
what proportions? Are the  basal t  cobbles chiefly from Yakima flows, or chiefly from 
the young o l ivine basal ts such as produced the l ava dams at Hood River and upstream 
from Cascade locks? What are the chief components of the sand l ayers? What criteria 
can you find in the outcrop indicating d irection of transport? Is the dip of the major 
bedding primary , or has the formation been deformed? 
The sand in Sandy River is not from the Troutdal e  Formation, but from a mudflow off 
Mount Hood I ess than two hundred years ol d .  
Continue to the base of the h i l l ,  do not cross bridge (at 50. 3  m i l es) into the town of 
Troutdal e ,  but turn right through the State Park , and take Interstate 80 N i nto Port l and . 
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URBAN ENV IRON MENTAL GE OLOGY AN D PLAN N IN G , PORTLA N D ,  OREGON 

I NTRO DUCT I ON 

The Portl and city one -day fie l d  trip is oriented toward urban env i ronmental geology and p l anning . 
The trip w i l l examine the geol og ic  condi t ions i n  wh ich  the c ity is situated and w i l l e ncourage d i scussion  
of zon i ng ,  l egis l ation , and bui l d i ng codes .  

I nc l uded in  the tour w i l l  be a genera l review o f  the l ocal  geo log ic  h i story and strat igraph ic  units . 
The morn i ng w i l l be spent examin ing the West H i l l s  area , inc l uding review of the h i story and treatment 
of t he Zoo l andsl ide , residentia l  areas on creeping so i l , pl anned unit deve lopment design for a steep 
canyon area , and mudflows and l andsl ides in  deve l op ing areas . 

After I unch at the H i l l  vi l l a  Restaurant , perched h igh on the h i l l overlooking the r iver ,  the evidence 
for t he Portl and H i l l s  faul t wi l l be reviewed . Sand and grave l supply from ri..;ers and p its wi l l  be observed 
in terms of zoning and conservation . Modern flooding in terms of urban growth w i l l be viewed . 

E N G I N E ER I N G  G E OLOGY 

T he geol og ic  sett ing i n  Port l and is shown on the map and cross section (Figure 1 )  and the cover 
photograph . The major part of t he c ity overl ies fl uv ial -l acustrine sands ,  c l ays and grave l s  in broad 
terraces 1 00 to 200 feet  in a l t i tude . West of the river and the terrace l ands, t he Col umbia R i ver Basa l t  
i s  warped i n  northwest-trend i ng en echelon fol d s ,  t he easte rnmost one of wh i ch  may i nvo l ve fau l t  d i sp l ace
ments . Bori ng l ava has erupted in  numerous smal l vol ca noes throughout the Port l a nd area . Deeply weath
ered res idua l  so i l s  and l oessa l sandy s i l t  cap the West H i l l s  anti c l i ne above the 400 foot e l evation . I n  
many areas these surfi c ia l  deposits are i nvo l ved i n  landsl ides and soi l  creep . Eng ineeri ng chara cterist i cs 
of t he geo logic un its are shown in F i gure 2 .  

T he Port l and area provides a var iety o f  exampl es o f  geo log ic  condit ions si gn i fi cant to urban growth . 
T he urban geo logi c setti ng is genera l l y  favorabl e  for construct ion mater ia l s ,  water supp l y ,  waste disposal , 
transportation routes ,  and foundat ions . However , in some areas natura l  cond it ions requ ire individual  
stud ies to adapt structure and bu i l d i ng  locations to unstabl e ground , flooding,  and potent ia l  se ismic haz
ards . Local l y ,  l ands l ides , earth fl ows,  and possib le  fau l t  l i nes i nd icate need to accommodate bu i l d ing 
to the geologic situat ion . Spec ia l  zon i ng or bu i ld ing restr ict ions may be needed because of geologic 
hazard and the regu l ation of the resources .  A mec hanism or system such as grading-code requirements 
cou l d  be effect ive in  improving the appl ication of engineeri ng geol ogy to urban e nvironmenta l prob l ems . 

At the present time the construction of smal l structures and resident ia l  urban expansions general ly  
proceed w ithout benefit of geolog ic  studies . 

I ncomp l ete informat ion on the types and distribution of hazar.ds is a detriment i n  del i neating areas 
where engineering geo logy studies are needed . Methods of compi l ing data on damage , s lopes , and other 
topograph ic  and geo logic features have been stud ied by the authors in an attempt to eval uate the ir merits 
and to de l ineate areas in which  engi neering geol ogic studies are needed for safety and economi c  sav ing . 

L ands l ide damage in Port l and i s  more common than is genera l l y  rea l ized ow ing to t ime gaps between 
i nd ividual movements and to the re l at ive l y  sma l l number of peopl e  d i rectl y affected by any one sl ide . 
Pub l ic ut i l ity and road damage i n  Port l and can amount to as much as one -thi rd of a m i l l ion do l l ars per 
year . S l ides cost the Oregon State H ighway Department an average of more than $400 , 000 per year 
(Sch l icker ,  1 956) . One sl ide south of Port l and i nvol ved damages amount i ng to several ti mes this  amount . 
I n  � I I cases  the damage to private propert ies is in add ition to the cited figures . 

The variety of natural condit ions hazardous to Port l and ' s  popul at ion and structures w i l l  be reviewed 
and w i l l serve as a basis for a d iscussion of the actions needed to expand the app l ication and useful ness 
of eng i neering geologic  expert ise . 
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AGE FORMATI ON L I TH O LOGY D ESCR IPTI O N  
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Port land H i l ls S i l t: 0-42+ feet th ic k .  C layey 
si It and s i l ty c lay; mudflows and s lumps on 
s lopes over 1 5%; low permeabi l i ty; makes 
moderate ly  strong and compressib l e  fi l ls; 
sha l low perched water tab l e  i n  some areas . 

Boring Lava: Q- 1 00+ feet th i c k .  Gray 
o l iv ine basa l t  wi th an expanded texture; 
genera l ly so l id  and stab le  except where 
h igh ly  weathered or where vo l canic sedi
ments are i nterbedded . 

Troutda l e  Formation {? ) :  D-25+ feet th i c k .  
Pebb l e  cong lomerate , moderately indu
rated; sma l l  l oca l i zed deposi ts, usua l l y  
breaks down to constituent parti c l es upon 
excavation . 

Columbia River Basa l t: 700+ feet th ick . 
Weathered and unweathered basa l tic lava 
flows possib ly wi th in terflow zones of ash , 
breccia , and/or baked soi l ;  genera l ly 
so l id and stab l e  except in steep exposures 
where h igh ly  weathered and where move
ment is possib l e  on d ipping, c layey inter
f low sediments . 

F igure 2 .  Engineering characteristics of the geologic units i n  the Port land area , Oregon . 
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TR I P  R OUTE 

A sketch map of the fie ld  trip route is  provided in  Figure 3. An  outl ine of the major stops fo l l ows . 

START : Port l and State University (Broadway and Montgomery) 
(Optional in case of rain :  Rev iew of environmenta l  maps of the West H i l l s  and Marquam H i l l area,  
Room S-17 Cramer Hal l )  

STOP # 1 - Marquam Gu lch (30 m in . )  
Residential construction o n  steep slopes w ithout control or veri fication o f  subsurface foundation 
conditions has resu l ted i n  extensive damage to numerous structures in the West H i l l s  area . Pl anned 
unit deve lopment of canyon areas designed to accommodate natural cond itions has been opposed by 
adjacent residents . Adequate publ ic rel ations and consequent publ ic  cooperat ion is necessary to 
improve the use of techn ical know l edge . 

STOP # 2 - Residentia l  landsl ide , Montgomery Drive (30 m in . )  
I so lated and i n term i ttent lands l ide damages to indiv idua l res idences i ncur grea t cost to the i ndividua l 
hom eowners and amount to a toto l year ly cost wh ich is d i fficu l t  to assess , bu t wh ich  neverthe l ess is 
s ign ificant . P lo ts of the know n  distribu tion of damages i ndicate tha t s lope maps may be a usefu l 
i ndicator of prob l em  areas justify ing eng ineering geo logic studies . 

STO P # 3 - Counc i l  C rest (Optiona l )  (30 m in . )  
Overview of the city . 

STOP # 4 - H i l l vi l l a  Restaurant for l unch . ( 1  h r .  1 5  m in . )  

STOP # 5-A - Zoo -OMS I Overview and Landfi l l  (30 m in . ) 
Uncontro l l ed l andfi l l i ngs and steep h i l l s ide areas scarred by numerous l andsl ides are pl anned for 
h igh -density apartment construction . Compaction , bench ing ,  or so i l  removal are not present ly 
requ i red for l andfi l l s .  A n  overv iew of the l arge Zoo-OMS I I andsl ide to the north can be seen 
from this  s ite . Measured landsl ide motion of the Zoo-OMS I s l ide is c l ose ly  re l ated to peak w inter 
ra infa l l  greater than about 7 . 5 i nches per month . (See map of sl ide area , F igure 4 . )  Most other 
s l ides are act ivated by heavy ra i n fal l ,  suggest i ng surfic ia l  dra inage might be one stab i l i z ing 
techn ique . 

STOP..# 5-B - Zoo-OMS I lands! ide ( 1  hr . )  
Activation of the toe area of the 1 0-acre Zoo-OMS I lands! ide began i n  1 959 threaten ing Zoo and 
Museum properties unt i l  buttress ing was compl e ted i n  1 969 . 
The head scarp of the s l ide crosses the OMS I -Zoo access road j ust south of the entrance to the Zoo 
and runs westerl y to the southeast corner of the OMS I b u i l d i ng .  I nd i vidua l  vert i cal  d i spl acements 
in the head scarp area in this l oca l ity range from a few i nches to 3 feet and tota l d i sp l acement is 
near ly 8 feet .  H umps and swal es in  the access road i n  front of the OMS I bui  I d i ng as we l l  as cracks 
and d i sp l aced c urbs and s idewa l ks show movement characterist i cs . S i nce p l acement of the buttress 
in the summer of 1 969 , v i si b l e  movement has not occurred . 
T he sl ide is wedge shaped w i th a nearl y vert ica l  head scarp and a nearly  fl at (2° to 5 ° )  fa i l ure p l ane 
s lop ing south toward the h ighway . (See Fi gures 4 and 5 . )  The ma in detachment surfac.e is  the contact 
between decomposed basa l t  (consi st ing o f  st i ff c l ayey s i l t )  and dense crysta l l i ne basa l t . Near the 
toe of the sl ide ,  the decomposed basa l t  overrides sti ff gray s i l t of the Troutda l e  Format ion . W i t h i n  
the sl ide mass , severa l i nternal p l anes of fa i l u re are present . 

Lou Clark
Pencil
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STOP # 6 - Sky I i ne Earthf low (30 min . )  
Heavy storms i n  January , 1 969 , tr iggered rapid flow of mixed earth ,  water ,  and vegetation dow n  
the steep gul l y . T h e  flow extended about 1/4 mi l e  narrowing from more than 1 00 feet a t  the head 
to about 25 feet w idth near the to� . This  flow and other sim i l ar flows indicate that considerable 
l ife and property danger w i l l occur a long steep gul l ies . Better understanding of mechan isms for 
such flows may he l p  recognit ion of potential danger areas . 
The Tual at in  Val l ey is vis ib l e to the west of this s ite . Eng i neering geo log ic  studies (Sch l icker and 
Deacon , 1 967) have del i neated the major environmental problems and their d i stribution . 
Corne l l  Road - Potential h i l l side residential construction areas seen along the road are heavi l y  
scarred by I andsl ide damage • 

STOP # 7 - Troutda le  Format ion - Grave l Q uarry (Optiona l ) (25 min . )  
H igh gravel deposits p l astered aga inst the east escarpment o f  the Port land H i l l s  m ay  represent either 
up! ifted parts or erosional remnants of the Troutdal e Format ion . Hydrau l ic excavat ion and l andfi l l  
on  th is h i l l s ide area m ay  have had some effect o n  l and i nstabil ity and damage to residences . 

STOP # 8 - Rocky ·Butte Grave l Q uarry (30 min . )  
About 20, 000 years ago l arge runs of Missoula-flood gl acial me l twater (more than 400 feet i n  depth )  
formed channe l s  and depressions and deposited grave l (now terraced) i n  the Portl and area . Errat ic 
boulders were rafted by icebergs as far south as Eugene . At present , increased runoff in  some of 
the channe l  ways i s  traceabl e to the drainage from paving and roofs that accompany urban expansion . 
One abandoned channel is ut i l ized as a rai l road and freeway ( 1 -80) route . 

STOP # 9 - Rocky Butte Overview 
Boring l ava , wh ich intruded the Troutdal e  Formation , forms numerous part ly  vol canic h i l l s  rising 
above the fl uvial -l acustrine terraces of  east Port l and . The vol canic rock provides a source of rock 
aggregate construction materia l ,  but is a h inderance in terms of the deve lopment of underground 
uti I it ies . 

R ETURN TO - Port l and State Un iversity (Broadway and Montgomery) 
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One of the largest accumu la ti ons of flood basa l t  on the earth ' s  surface is l ocated i n  the Pac i fi c  
Northwest in  the physi ograph ic  province known  as the Co l um bia R iver P l a teau . Enormous vo l umes of 
basa l tic magma , we l l i ng up through fi ssures in the earth ' s  crust , spread out  in broad sheets one upon the 
other over an area conserva tive ly  estimated a t  two mi l l ion square ki l ometers . The average th ic kness of 
the basa It sequence over the Co l umbia R iver P la teau  is approximate ly 550 meters; however , the greatest 
th i ckness d i scovered to da te is i n  the Pasco Bas in i n  sou th-centra l Wash i ngton (F igure 1 ) , near  the center 
of the p la teau . Here ,  an exp lora tory we l l was dri l i ed by the S tandard Oi I Com pany of Ca l i fornia to a 
depth of 3, 248 meters w i thou t  reach ing the base of the basa l t  seque nce . 

Pr i or to 1 960, re la tive ly  l i tt l e  was known about the struc ture and s tra ti graphy of the Co l umbia R iver 
P lateau . Exposures of the basa l t  sequence were poor except i n  deep r iver gorges , and i n  most cases access 
was extrem e ly d i ffic u l t  or impossi b l e . Another prob lem faced by the ear l y  workers was the a pparent l i th
o log i c  s im i lar i ty of most f l ows . The ·pr i nc ipa I characteri st ics used for identi fication a nd corre lation o f  
f lows a11d f low sequences were t he  gross physica l features such as jo i nting , co lor o f  weathered surfaces, 
or presence of large phenocrysts . Fea tures such as these , however , se ldom rema in  constant  when a f low 
i s  traced for many m i les . For examp le ,  j oi nti ng ref lects the coo l i ng h i story of the f low ,  and th is vari es 
w i th  distance from the vent ,  th i ckness of the f low ,  cha nges i n  the nature of the surface tha t it covered 
( i . e . ,  the loco I presence of marshy ground) , wheth er the f low ponded qu i ck ly  a nd crysta I I i  zed ma i n l y  from 
a motion less l iqu id  or whether it crept forward throughout th e  ma jor period of crysta l l i za tion , and sti I I 
other fac tors . 

I n  the region surrounding the Pasco Basin ,  a number of fi e ld sections w ere pub l i shed i n  wh ich  the 
f lows and f low sequences, exposed a long the anti c l i nes or in th e  river gorges , were named and their  gen
era l phys ica l propert ies descri bed (Lava l ,  1 956; Maki n ,  1 961 ;  Schm inc ke ,  1 967) . Unfortunate ly ,  th ese 
fi e ld  sections (wh i ch la ter became type loca l i ti es) were up to one hund red ki lometers apart (F igure 1 ) , 
and the i r  re lat ionsh i p  to each other i n  the stra tigraph i c  sequence cou l d  not be deve loped w i th assura nce . 
The on ly  cred i b l e  corre lations made were those where the f lows and/or f low sequences w ere essentia l l y 
wa l ked out . 

I n  recent years techno logi ca l deve lopments ,  primar i ly in petrography a nd geochem i stry , have led to 
i dent ifi ca ti on of a number of character i sti cs by wh ich f lows a nd f low sequences can be iden tifi ed . One 
of the fi rst and most s ignif icant  deve lopments made toward character iz ing speci fic properti es of the  basa l ts  
o f  the Co lumbia R iver P lateau was the pub l i shed work by Waters ( 1 96 1 ) .  O n  the basis  o f  petrograph ic  a nd 
geochem ica l  propert ies ident i fi ed i n  the basa l t  sequence, he was ab l e  to show a ma jor subd i vi s ion between 
the m i dd le M i ocene basa l ts a nd the upper Miocene- lower P l i ocene basa l ts .  These two un i ts were given 
formationa l des ignations , P i c ture Gorge Basa l t  and Ya kima Basa l t ,  respecti ve l y ,  and the Co l umbia R i ver 
Basa l t  was e l eva ted to group status . Th is adopted nomenc la ture has provi ded the f l ex i bi l i ty to accomodate 
the stra tigraph i c  subd iv i sions wh i ch have subsequent ly been added . 

Fo l l ow i ng Wa ter ' s  pub l i ca tion in 1 96 1 , there was a lapse of about five years before addi tiona l 
methods for character iz ing Co l um bia R iver Basa l t  began to appear in the l i tera ture . Swa nson ( 1 967) pro
v ided more defin i tive petrograph i c  da ta on the upper Yakima Basa l t  f l ows exposed near the western mar
g i n  of th e Co l umbia R i ver P l a teau ut i l i z i ng pr imari l y  p lag ioc lase/pyroxene ra tios for c haracter iz ing f lows . 
Schmi nc ke ( 1 967) showed thd t there were s ignif icant d i fferences in chem i ca l composi tion between indiv id
ua l f lows of the u pper Ya kima Basa l t. a nd deve loped a stra tigraph i c  sec ti on for the region surround ing the 
Pasco Basi n . He showed a cred ib l e  re la tionsh ip  between the upper Ya kima Basa I t  f lows wh ich  had been 
named and the des ignated type l oca l i ti es .  Ho lmgren ( 1 970) emp loyed K/Ar age da ti ng a nd pa l eomagnetic 
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techno logy for corre lat i ng th i ck  f low sequences of the Ya kima Basa l t  i n  centra l Wash i ng ton , and Osawa 
and Ga l es ( 1 970) demonstra ted the app l icabi l i ty of neu tron act ivat ion techno logy for i denti fying trace  
e l ement varia tions i n  and between the P i c ture Gorge Basa l t  a nd Ya kima Basa l t .  

Techno log ies wh ich  have been used w i th l im i ted success or are s ti l l  be ing eva l ua ted w i th respect to 
the i r  usefu l ness in characteriz ing Columbia R iver Basa l t  shou l d  a lso be mentioned . McKee a nd Mc Kee 
( 1 970) observed d i fferences in refra c ti ve ind ices wi th i n  the major subd iv i s ions of th e Col umbia R iver Basa l t  
Group but sta ted the method was not usefu l i n  d i sti nguish i ng individua l f l ow s  o r  f low sequence w i th i n  o 
forma tion . Ord ( 1 970) made a pre l im i nary eva l ua tion of the feasi bi l i ty of usi ng M&sbauer spectra for 
ident ify ing ind iv idua l f lows of upper Ya kima Basa l t .  Ord conc l uded that the techn ique needed further 
deve lopment  before i t  cou l d  be app l i ed to basa l t  flow i den tifi ca tion . Characteriza tion of Columbia R iver 
Be-sa l ts as a funct ion of p lagioc lase m i crohardness , p lag ioc lase struc tura l sta te ,  oxygen fugac i ti es ,  and  
pyroxene fract iona l crysta l l ization a re  curren t ly  under investiga tion . 

I n  1 968 the Atlantic R ichfi e l d  Hanford Company,  i n  beha l f  of the U . S .  Atom ic  Energy Commi ssion , 
undertook a study to devel op a deta i led stra tigraph i c  mode l of the Pasco Bas i n . The i n i ti a l  effort was 
d i rec ted toward charac ter iz ing a 1 ,  000-foot core (DDH- 1 )  ta ken from near the cen ter of the Hanford Res
erva tion (F igure 1 ) .  On the bas i s  of chem i ca l  composi tion , seven f lows were identif ied in the core . Two 
core ho l es (DH-2 ,  D DH -3) were then dri l l ed i n  the sou thern part  of the Reserva tion to determ ine  how we l l ,  
i f  a t  a l l ,  the f lows i dent i fi ed i n  DDH- 1 corre lated w i th those cored to the south , a d i stance of about 30 
ki l om eters . On ly  two of the f lows proved to have u nique enough chem i ca I propert ies for corre la tion . One 
f low had a s ignifi cant ly  h i gh Ba concentra tion and the oth er had an unusua l l y low concen tra tion of T i02 
and K 20 and a h igh concentra tion of Cr w i th respec t to the oth er f lows . 

I t  was d i scovered tha t the two flows wi th unique diem ico l properties were exposed in the Co lum bia 
R i ver Gorge on S i l l us i  Butte . These two f lows were essen tia ll y wa l ked ou t and samp led at severa l loca
tions between S i l l us i  Bu tte and Wa l l u la Gap (Figure 1) to determ ine  the la tera l var iab i l i ty in their u n ique 
ch em i ca l  properties . The resu l ts of th i s  work showed conc lus ive ly  tha t the un ique chem ica l  properti es 
assoc ia ted w i th these two f lows did not vary s ign i fican t ly  w i th d i sta nce and tha t they cou ld be used w i th 
assura nce for corre la t i ng between core ho l es w i th i n  the Pasco Basi n for d i stances up  to 40 ki lometers . 

One of the core ho les i n  the sou thern par t  of the Reserva tion (DDH-3) was dri l l ed to a depth of 3, 540 
feet . I n  charac teriz i ng the chem ica l  properti es of the f lows i n  th i s  core ,  it was noted tha t there were four 
addi tiona l un ique f lows or f low sequences presen t deeper than th e sec tion cored in DDH- 1 . Two f low 
sequences were un ique i n  tha t they were porphyr i ti c  a nd cou ld  be d isti ngu ished from each other by their  
Cr content .  Two horizons were d iscovered where o marked change occurred i n  the content of a ma jor 
ox ide . At one hori zon there was an  abrupt change in the Ti 02 conten t of the f lows,  and at th e second 
hori zon there was a sign if icant change in the K20 conten t .  

O n  the basis of th is i n forma tion , add i tiona l cor i ng was th en star ted i n  the north ern part  of the Ha n
ford Reservation on the south f lank of Sadd le  Moun ta i ns . These two core ho l es , DH-4 and DH-5, were 
dr i l l ed to depths of 4 , 766 feet and 5 , 002 feet ,  respec t ive l y . A l l un ique f lows , f low sequences , a nd 
horizons of con trast  identi fi ed i n  the DDH-3  core were identif ied i n  the DH-4 a nd DH -5 cores w i th the 
exception of the h igh Bo f low . A cross secti on (F igure 2) across th e Pasco Basi n summari zes th e corre la
tions made between core ho l es and shows the da ta extended to nearby canyon secti ons . More deta i l ed 
secti ons of Sent ine l  Gap and B la i r  Canyon ore shown  i n F i gures 3 and 4 .  Par tia l chem ica l data are a l so 
prov ided for th ese two canyon sections i n  Tab l es 1 a nd 2 .  I t  shou l d  be noted that the marker f lows and 
hor izons of con trast occur i n  the sam e succession a t  each s i te ,  o fea ture wh ich enhances the correc tness 
of the corre la t ion . 

Work is now being done to corre la te the un ique f lows i den ti fi ed in the core ho l es w i th type sec tion 
f lows i n  the surround i ng region . Ten ta tive corre la tions are shown  in F igure 5 .  



Tab le  1 .  Se l ected a na l ytica l da ta for Sent ine l  
Gop Sec tion . A A  and ES refer to ana lyt ico I 
methods used . 

Samp le  MgO Co O K 20 
Seria l % % % 
Number AA* AA* AA* ---

A1306 
Al3 0 7  
ill3 10 
i\.1311 
;'cl3�? 
A1350 
Al351 
11.1352 
;\1353 
A135h 
l\.1355 
Al356 
Al357 
:U35C 
Al359 
J\1360 
i�1J61 
.\l J C 2  
n363 
J\1364 
_..-;.1365' 
.\13 66 
;\1367  
}:.13 63 

3 . 4  
3. 7 
5. 4 
4. 1  
5 . 2 
5. o 
h. 6 
h.3 
L�. G 
4. 7 
h. 6 
I:-.8 
4. 5 
h. 9 
5. 1  
5.4 5. 3 
;). 7 -" / � . l)  
.� / 
,:J e O 
� / 
:;; . u 
5. 2 
S. 1 
3 • . J 

.'J.h 
0. 1 
8. h 
7.5 
o. o 
0. 2 
7. 0 
J. h 
7. J 
7. 6 
7. 6 
7 " o /  
o . • 0 
7. 7 
7. L, 
G. l 
9 . 1 
�' . 1 
� � _; . .:; 
S'. 3  
9 . L1 
� . o  
G. h 
6 .. 7 

1. 0 
o. 9 
o. 9 
1. 0 
1. 1 
1. 1 
1. 2 
1. 2 
1. 3 
1. 2 
1. 3 
1. 2 
1. 1 
1. 3 
1. 1 
1. 0 
1. 3 
r. ,. �· / 

1. 0 
o. ' 
·"}. �:·· 
1. 0 
1. 0 
1. 4 

Analyt i c al Method 

*At omi c Ab sorpt ion 
* * Emi s s ion Spe c tr o s c opy 

Ti 02 Bo 
% ppm 
AA* AA* 

3. h 625 
3. 5 1936  
3 .1  557 
3 . 3 593 
3 . ) , 67 7  
3 . 1 559 
2. c 700 
2 . 9 1550 
2. G 7 75 
2. 9  735 
2. 3 708 
2.  7 7 GG 
2. s 634 
2 . G  GOG 
1. 7 700 
1 • . , 6'39 
1. '[ 560 
1. 'l %5 
1. [; 630 
1. 9 ( .'/)  
1 .  ; 5 7 0  
1. 0 Co6 
1. 9 613 
2 . 0 Gll 

Cr 
ppm 
Es* * 

19 
10 
96 
14 

Tab le  2 .  Se l ected a na l ytica l da ta for B la i r  Poi n t  
Sect ion 

Samp le  MgO CoO K20 Ti 02 Bo 
Seria l % % % % ppm 
Number AA* AA* AA* AA* AA* 

lll348 
A11 75 
Al176 
!'.ll7 7 
All7G 
;\1179 
1�11·�0 
UlGl 
:\11 8 2  
J,E :-J3 
EEh 
A_  .lJG 
All87 
AllGS 
Al2 01 
A1200 
Jll1)l9 
All93 
J\1197 
,\1196 
A1195 
All94 

2 . 9 
3 . 0 
2. 9 
4. 5 
1!. 6 
4. 6 
l ! . h 
h. 5 
L� . 2 
l! .• 2 
4. 6 ' " t :  . • . J 
1 !. 7 
h. 7 
l !o  6 
lt. 4 
1 : . 5  
4. 5 h. l! 
b 6 
h. 6 
4 .5  

5.5 
6. 1 
6.lt 
3. 1 
G. 2 
[3. 2 
8. 2 
7 () . / 

7. 3 
7. G 
o. L! 
G. o 
c. o 
8 . 0 
7. G 
3. 1 
G. o 
7. 9  
7. 8 
7. 9 
7. G 
G. o 

Analyt i c al Method 

*At omi c Ab sorpt i on 

2. 6 
3. 0 
3. 5 
1. 7 
1. 5 
1. 6 
1. 9 
1. e 
1. 0 
1. 7 
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1.  s 
1 , , . -
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1. 1 
1. 2 
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2 .  2 
3 . 1 
2. 6 
2 . 7 
2. 7 
2. 7 
2. 6 
2. 6 
2. 6 
2 I ' o :J  
2 . 1 !  
2. 5 
2. 5 
2 . 6 
2 . 7 
2. 7 
2. 6 
2.5 
2 . 9 
2. 3 
2 .. 9 

* *Neut ron Act ivat i on Analys i s  

3 h3 �l 
3 61 2 
3')23 

G6h 
739 
767 
G10 
73 7 
6?h 
l r96 
63 CI 
'lh'l 
767 
767 
62L 
795 
661 
7 2 9  
693 
72 2  
62 r3 
579 

Cr 
ppm 

NAA** 

11 
l3 
26  
2 0  
22  
29  
20 
27  
26  
h6 
1 !1 
!!2 
h7 
46 
h 7 
L2 
hJ 
l r2 
50 
25 
26  

--f 
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" 
0.. 
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)> 
r
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� 
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0 
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F igure 2 . Genera l i zed stra tigraphy of the Pasco Bas in . 
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TRI P ROU TE 

The field tr ip  to the Pasco Basin affords the opportuni ty to study sim i larities and dissi m i lar i ties in the 
type section Yakima Basa l t  flows and some of the la test techn iques developed for identification of these 
flows . More important ly,  a number of locations can be exam ined where previous flow correlations hove 
led to wrong structura l interpretations . 

This guide describes a tour held on Sunday , March 25, and Monday, March 26 , 1 973 through the 
Pasco Bas in,  Wash ington . Because portions of the tour are through restric ted areas on the Hanford Reser
vation, buses and escorts ore provided by the U . S .  Atomic Energy Commission-Rich land Opera tions Office . 
S tarting point for the tour is th e lobby of the conspicuous, seven-story Federa l Bu i ld ing in Richland ,  
Washington . 
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STOPS 1 - 4: Th e area around Van tage , Wash i ng ton (F igure 1 ) . H ere , the s tru c tu re and  s tra ti gra phy of 
th e area ca n be observed a nd importa n t  physi ca l charac ter i s t i cs of the f l ows ,  a s  descri bed by Mac k in  
( 1 96 1 )  can be  i nspec ted . The va r ia b i l i ty o f  these d i sti ngu i sh i ng chara c ter i s t i cs w i th i n  c erta i n  f l ows  
co n o I so be observed . 

S TO P  5: The north f l ank  of U m to num R i dge  m idway between th e Pr i es t  Rap ids  dam si te and  Verni ta Br idge . 
Asymmetr i ca l fo l d i n g  of th e a n ti c l i n e ,  typica l through out th e Pasco Basi n ,  con be see n ,  espec ia l l y 
th e stee p l y  d i ppi ng to over turned north l i m b . Th e tec ton i c  im p l i ca tions of th ese sharp axia I i n f l ec
t ions obseryed a t  th i s  s top are d i scussed . 

STOP 6: Sma l l roc k quarry a t  th e eastern end of Um to num R i dge w h ere Wash i n g ton S tate H i ghway 240 
crosses . H ere a demonstra t ion i s  g i ven of a por ta b l e non-di spers ive  X-ra y  u n i t ,  wh ich i s  used to 
di sti ngu i sh chem i ca l  properti es of basa l ts i n  the fie ld . 

S TOP 7: Gab l e  Mounta i n  near the center of the - Hanford Reserva ti on . At th is stop a number of si tes were 
excavated to eva l ua te the tec ton i c  s ign i fi cance of cer ta i n  geomorph i c  fea tures . The s ign i fi ca nce of 
the struc tures exposed in the s i dewa l ls of these trenches is d i scussed . 

R E TURN TO Federa l Bu i ld i ng ,  R i ch land , Sunday a t  5: 30 p . m . 

BOARD bus i n  front of Federa l Bu i l d i ng ,  R i ch land,  Monday m or n i ng a t  7: 30 a . m .  

S TOP 8: Top of the eastern end of Ra tt l esnake H i l l s .  From th i s  van tage poi n t ,  the l i nea tion of h i l ls to the 
sou theast (O l ympi c-Wa l lowa L i neament) is observed; a l so ,  an overview of the Hanford Reserva tion 
and the exten t to wh i ch the ground surface has been modi fi ed by w i nd erosi on . 

STOP 9: Near Chand l er ,  Wash i ngton . Geomorph i c  features re la ted to the purported Wa l l u la Gap Fau l t  
are seen a l ong the north f l ank  of Horse H eaven H i l l s extendi ng across the Ya kima R iver toward the 
top of Ratt l esnake H i l l s .  F la t i rons of breccia ted basa l t  are a l so observed on the sou th f lank of the 
Horse Heaven H i l l s .  Their  tec ton i c  imp l i ca tion i s  d iscussed . 

S TOP  1 0: Near the mou th of Badger Canyon on the  road from K iana to V i sta . Ash fa l ls i n terca la ted wi th 
eo l i an  deposi ts of reworked g lac iof l uvia ti l e  sediments are seen i n  the road cuts . A l so observed are 
numerous c lasti c d i kes w i th h igh l y  comp lex struc tures . Their  possi b le mode of format ion is d iscussed . 

S TOP  1 1 : F i n l ey roc k quarry . Th i s  quarry i s  located a long the western extension of the purpor ted Ra tt l e
snake-Wa l l u la Fau l t .  Evidence seen i n  the quarry support ing or rej ec ting th i s  h ypothesi s is di scussed . 

S TOP 1 2: I ce Harbor Dam . Two short s tops are made a t  th i s  si te . The fi rst stop i s  on th e  north s ide ,  up
r i ver from the dam , to observe severa l sma l l  feeder d i ke l ets cu tti ng upper Ya kima Basa l t  (Swanson , 
1 967) . On the sou th shore , a nd dow nr iver from th.e dam , a larger d i ke is observed cutti ng severa l 
f l ows and merg i ng w i th  the f low i t  feeds . Evidence of a poss i b l e  tuff r ing i s  a l so observed a t  th is · 

s i te .  

STOP 1 3: One m i le east of Wo l l u l a  Gop on U . S .  H ighway 4 1 0 .  H ere , knob- l i ke ou tcrops of rubb ly  
basa l t  brecc ia are seen i n  con junc tion w i th the purported Wa l lu la Gap Fau l t .  The genera l re la ti on
sh i ps of the exposed basa l t  f lows,  basa l t  brecc ia s ,  a nd the present erosiona l surface are d iscussed . 

STOP 1 4 .  Co l umbia R i ver G,orge ,  seven m i l es south of Wa l l u la Gap on U . S .  H ighway 4 1 0 .  At th i s  stop,  
the B la i r  Canyon sec tion can be seen on the north s ide of the gorge (F igure 4 ,  Tab l e  2) . Comparab le  
f l ows o f  the  Frenchman Spri ngs Basa l t  a nd Roza m em bers can be  s tud ied i n  the road cu t . 

R E TURN TO Federa l Bu i ld i ng ,  R i ch land , a t  5: 30 p . m . 
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MOUNT ST . H ELENS  LAVA T UBES , WASH IN GTON 

. INTRO DUCT I ON 

Abundant vol canic structures seen on h igh resol ut ion p i ctures of the Moon and Mars has prompted 
i nterest in vo l canic l andforms as anal ogs to p l anetary surface features . Lava tubes hove been of part ic
u lar i nterest because they appear to be s im i l ar to s inuous r i l les  on the Moon (Gree l ey ,  1 97 1 o) and struc
tures associated with  shie l d  vol canos on Mars . In  1 969 and 1 970 , the Cove Basa l t  (Gree ley and Hyde , 
1 972) and assoc iated l ava tubes were studied extensive ly . These tubes ore very wel l preserved and d i sp l ay 
structures (not genera l l y  seen e l sewhere) that a l l ow i nterpretat ions of l ava -tube format ion , morphol ogy , 
and degradat ion . T he l ava tubes ore on U . S . Forest Servi ce and private l a nds and ,  after the spr ing snows 
me l t ,  ore read i l y  accessib l e . Port of Ape Cove , o l ong lava tube segment , has been designated o Geologic 
Point of I n terest by the Forest Serv ice and o park ing l ot , restroom foci  I it ies , and l adders w ith i n  t he l ava 
tube hove been provided . 

T he fie ld  trip guide is d iv ided i nto four sections : 1 )  rood l og from Port l and to the l ava tubes , 2) 
geo log i ca l  summary of the Mount St . He l ens l ava tubes , 3) gu ide to Lower Ape Cove , and 4) guide to 
Upper Ape Cove . 

T he h ighway d i stance between Port land and the l ava tubes is about 96 km (60 mi l es) (Fi g . 1 )  and 
requ ires o dri vi ng t ime of about 1 .5 hours . The geol ogy between Portl and and the tubes is mentioned 
briefly  to provide o regiona l geol ogi c sett ing . The reader is referred to other papers in this guidebook 
and to pub l i cat ions I isted here for more deta i l ed descriptions of I ocol geol ogy . The tour of the Lower Ape 
Cave requ ires about one hour; the tour of Upper Ape Cave requires four to five hours . 

Port of the orig i na l  data was gathered during a U . S .  Geo logi cal Survey i nvest igation of the poten
tia l  vol can ic  hazards of the area by Hyde . Gree l ey made the or ig ina l  study dur ing tenure as  a N ational 
Academy of Sc ience Nat iona l Research Counc i l  Associate at NASA-Ames Research Center . 

Cowlitz Co.  

M t .  Rainier A 

' 

I I Mt.  St. Helens 
. ... , ... 

M t .  Adams 

' 

L, ' 

F igure 1 . locat ion map; ru led port ion ou t l i nes area d iscussed i n  guide . 
S tra igh t- l i ne distanc e from Port land to lava tubes is abou t 50 m i l es .  
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I .  ROA D L OG , PORTLAN D TO MOUNT ST . H EL EN S  LAVA T UBES  

M i l eage (i n mi l es) 

0 . 0  
(6 . 0) 

6 . 0  

(3 . 0) 

9 . 0  
(9 . 0) 
1 8 . 0 

( 1  . 5 )  

1 9 . 5 
( 1  . 5 )  
2 1 . 0  

( 3  . 1 )  
24 . 1  

(4 .5 )  

28 . 6  
( 1  . 0) 
29 . 6  
(0 .6 )  
30 . 2 
(0 . 3) 
30 .5  

(0 . 8 )  
3 1 . 3  
(0 .7)  
32 . 0  
(3 .9 )  
35 . 9  
( 1 .7)  
37 . 6  
( 1  . 0) 
38 . 6  

Port l and i s  bu ! l t  upon a broad , de l ta i c  P l e i stocene fi l l ,  formed duri ng catastroph i c  
fl oods from the Col umbia R iver va l l ey .  S ubsequent l y ,  part of t he fi l l  has been terraced 
and eroded . The deposi ts consi st most ly  of sand and grove l in t he eastern part wi th  sand , 
s i l t ,  and c l ay more common to t he west and northwest . 

N orth end I nterstate 5 bridge over Col umbia R i ver . Fol l ow freeway , which  passes 
from t he trench of the Col umbia R iver onto t he de l ta surface . 

Sa lmon C reek bridge , exposure of T routdal e  Formation i n  grave l pit to west . The 
format ion consi sts of s i l tstone , sandstone , and congl omerate more than 1 1 00 feet th i ck ,  
a nd i s  l ower Pl iocene based o n  fossi l  l eaves (T rimble , 1 957) .  
T he abundance of m icaceous sandstone and quartz i te grave l , not der i ved l oca l l y ,  suggests 
that at least part of t he sediment was derived from the upper port of t he Col umbia R i ver  
dra inage . 

Mount St . He lens  v is ib le to t he north . 

Bridge over East Fork Lew is R iver: rocks exposed to the east are assigned to the upper 
Eocene Gob l e  Vol cani c Series by W i l k i nson ,  Lowry ,  and Bal dw i n  ( 1 946) . T his ser ies 
cons ists of vol cani c breccia , l ava flows , tuffs , mudfl ows,  d i kes,  sandstones , and con
glomerates . The l owest part of the formation i s  i nterbedded with  mar ine sandstone . 
Lewis  R i ver bridge . 

EXIT . Wood l and: ex i t  from freeway , proceed east on H ighway 503 to Cougar and 
Swi ft Dam . 

To the south a grave l pi t  exposes sand and pumi ce that are the downstream equiva l ent 
of pyroc las tic f lows a nd lahars produced by eruptions of Mount S t .  H e l ens . The term 
l ahar is used to designa te deposi ts of debris that resu l t  from rapid mass f lowage of wa ter
mobi l ized materia l down the f lanks of a vo lcano . I t  is a l so used to designate the f low
i ng mass . 

Sma l l l a nds l ides are common i n  the deepl y weathered o lder g lac ia l  dr i ft exposed 
in road cuts for t he next few m i l es .  
Road to Sa lmon Hatchery , note l arge l andsl i de . 

Crossi ng Lewis  R iver terraces; note terraces across r iver . 

Sma l l  l andsl i de to t he north . 

Road cuts in vo l can ic  breccias and lava flows ass i gned to the Gob l e  Vol can i c  Ser ies 
by W i l ki nson , Lowry , and Ba ldw i n  ( 1 9.46) .  

Rood to Merw in Dam . 

Road cuts i n  l ava fl ows capped w i th fl uvial grave l . Rood cuts for the next severa l 
m i l es expose i nterbedded sandstones and sha l es .  
Br idge . 

Merwin  Reservoi r bel ow .  

Br idge . 
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Figure 2 .  Oblique aerial overview of the Cave Basa lt; Mount S t .  Helens in  
background; main entrance to Ape Cave in middle distance; spil lway of 
Swift Reservoir and road N90 in  foreground. Photo courtesy U . S .  Forest 
Service 
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39 . 3  

( 1  .6 )  
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(0 . 9) 

4 1 . 8  
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44 . 1  
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44 . 4  
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TR I P  7.  M O U N T  ST . H E LE N S  LAVA TU B E S  

T umtum Mounta i n  {vi s ib l e ahead ) is o c inder cone ol der than the  l ost g laciat ion . 
{ Fraser G l ac iat ion) 

1 87 

Descend i ng to the Lewis R iver val l ey ;  ahead is t he re l at ive l y  fl at surfa ce of l ahar and 
f l uvia l  depos i ts wh ich  represent the ol der episodes of exp l osive vol canism of Mount 
St . He l ens . 

· 

Rood cuts to t he north show i nterbedded sed i mentary rocks and l ava fl ows wh ich  may be 
port of the Ohonapecosh Formation . 
Road to Spee l yo i  Bay boot l a unch and p icn ic  area . 

Road to Yal e Dam , Yaco l t ,  and Amboy . 

S ummit of Mount St . He l ens vi s ib l e ahead . 

Spee l yai Creek Bridge . 

Boat l a unching and p icn ic  area to south . Sed i me ntary and vol can ic l asti c rocks exposed 
in rood cuts are assi gned to t he Ohonopecosh Format ion by Hopson { 1 97 1 , persona l 
commun . ) .  
Road to Merr i l l  Lake ; good exposures of t he Ohonapecosh Format ion cut by o s i l l occur 
i n  rood cuts between  here and Merr i l l Lake (Hyde , 1 970) . 
Lahars younger t han those i n  the Spee l yo i  Boy fi l l  ore expose� in t he H ighway Deport
ment grave l pit  to t he ri ght . A weathered zone as t h i ck as 8 em {3 in . )  separates the 
two youngest l a hars . 
Cougar Store ; between here and Swift Dam as many as 8 terrace l eve l s  ore present and 
record o compl ex sequence of val l ey f i l l i ng and eros ion . 
Road to Beaver Bay campground . T he terraces here conceal the western marg i n  of the 
Cave Basa l t  f low (F ig . 2 , 3) .  

T he Cave Basa l t  (Gree l ey and Hyde , 1 972) i s  o h i gh-a l umi na pahoe hoe fl ow wh ich  
originated at the  southwest fl ank of Mount St . He l ens and fl owed south about 1 1  km 
(6 . 5  m i l es )  down a stream va l l ey cut  i nto l ate Quaternary l ahar and pyroc l ast i c  fl ow 

· deposits . T he upper part of t he basa l t  i s  covered wi th  younger l ava and surfi c ia l  deposits , 
but it is present at l east as h igh as the 1 , 465 m (4 , 800 feet) e l evation on the vol cano . 
T he fl ow term inates on the north bonk of the Lewis  R i ver . 

T he basa l t  rests on r iver  grave l s  exposed at the east end of the pri vate l ogging 
rood bridge across the Lewis  R i ver south of the mai n  h ighway . The basa l t-fl ow surface 
ranges from fl at to hummocky over broad areas and i s  common ly broken i nto I orge t i l ted 
s labs .  Common surface features i ncl ude ropy or corded textures, pressure ridges , and 
tumul i that are often cracked or col l apsed . T he term tumul us is used here for any dome
shaped , ci rcu lar  or sem ic ircu l a r ,  sol id or hol l ow surface feature . Many of the known 
ho l l ow tumul i of t he Cave Basa l t  are col l apsed , l eavi ng ra i sed -r im craters up to 50 m 
( 1 64 feet ) in d iameter . T he age of t he basa l t  fl ow is probab ly  c l ose to 1 , 900 years B . P .  
C harcoal from roots exposed i n  breakdown areas i n  both Lake and Ape Cave were dated 
by radiocarbon methods a nd ore 1 ,  900 years o ld . 

S urface features of t he l ava fl Ow ore we l l -d isp l ayed between here and the marg i n  
of t he  basa l t near t he east entrance to  t he  pri vate l ogging road , 
West entrance to private l oggi ng rood . 

East entrahce to pri vate l ogging rood , we l l -devel oped pressure r idge to north {F ig . 4) .  
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CAVE BASALT FLOW - LOCATION OF LAVA TUBES 
R. Greeley and J. Hyde 
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F igure 3 .  Mop sh ow i ng location of lava tubes and rood to Ape Cove . 
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Figure 4. Pressure ridge with media l crock, mi le 52 . 5 .  
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Bridge across power canal . The oldest dated volcanic deposit at Mount St. Helens is 
a wood-bearing lahar (36,000 years old) exposed at river level . Road cuts between here 
and dam viewpoint exposed portions of the valley fill which consists of fluvial sand and 
grave l ,  lahars, and (near the viewpoint) pyroclastic flow deposits. 
Dam viewpoint. The viewpoint is located near the top of a thick sequence of volcanic 
debris which forms a large fan across the Lewis River at the mouth of Swift Creek. 
Pumice-flow deposits form the upper units in the fan. 
In the gravel pit on the south side of the Lewis River valley the pumice flow contains 
charcoal which has been dated at about 20,000 years B. P.  
Mount St.  Helens viewpoint. Volcanic ash erupted as recently as 1 842. In the last 
few hundred years there has been frequent violent volcanism accompanied by hot pyro
clastic flows, lahars, pumice eruptions, and lava flows. The dark , fresh-looking lava 
flows visible from this point are mainly younger than 450 years. Geologic studies on 
the volcano are l isted at the end of the guide. 
EXIT. Turn north on gravel road N83. The white pumice at the surface is Layer W, 
erupted about 450 years ago. It is about 5 to 10 em (2 to 4 i n . )  thick here, but in the 
vicinity of Spirit Lake on the north side of the volcano it is 30 to 100 em ( 1  to 3 feet) 
thick. Older pumice layers are visible below:Layer W .  
Turn west on rood N816. 

Lava Cast area. Vertical and horizontal tree molds ore particularly well displayed here . 
The trail from the parking lot leads to the entrance of Lake Cave, part of the Mount 
St. Helens lava-tube system. 
Road cut is in a pyroclastic flow deposit similar to those exposed in collapsed wall 
sections in the lava tubes. 

Main Entrance, Ape Cave lava tube. 
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I I . MO UNT ST . HELEN S LAVA TUBES 

Genera l  description 

The Cave Basal t conta ins sections of l ava tubes extendi ng nearl y the ent i re l ength of the fl ow ,  
The princ ipa l l ava tube system i n  the flow i s  composed of L i tt l e  Red R iver  Cave ,  Ape Cave , Lake Cave , 
and O le ' s  Cave {Table 1 ) .  

Tab le  1 .  Physical c haracterist i cs of lava tubes i n  the Cave Basa l t  

Name Length* Maximum Maximum 
Average S l ope ( m )  Height (m) Width (m) 

Ape Cave 3 , 400 1 1 .6 1 2 . 2  3 , 3° , 1 m/17  . 2 m 
Barney ' s  Cave 56 2 .7 3 . 6  2 . 0° ,  1 m/27 . 8  m 
Bat Cave 330 3 .7 1 6 . 2  
Beave r  Cave 477 9 . 1  1 5 . 2  3 . 0° , 1 m/1 9  . 6  m 
Dol l ar-Dime Cave 
F low Cave 99 2 . 4 4 . 6  3 . 2° ,  1 m/1 7  . 4  m 
Greml i n  Cave 
Lake Cave 1 , 248 1 5 . 5 9 . 1 2 . 6° , 1 m/22 . 2  m 
L itt l e  Peop l e  Cave 1 43 4 . 6  7 , 9  1 • 3° , 1 m/ 47 .7 m 
L itt l e  Red R iver Cave 1 , 032 9 . 1  1 1 . 9 4 . 5 ° ,  1 m/1 1 . 7 m 
O l e ' s  Cave 1 ,592 7 . 6  1 3 . 1  2 . 1 ° , 1 m/27 . 4  m 
Powerl ine Cave 
Pri n ce A lbert Cave 480 6 . 1  1 5 . 0  
Spider Cave 271 4 . 6  1 1 . 4 

* For l ava tubes with mu l t iple passages ,  l ength represents mai n  passage orily , 

A l though the system beg ins i n  the constri cted northern part of the fl ow ,  it probab ly  origi nated up
s l ope , above L i ttl e Red R iver Cave . The system trends southward a l ong the east flow marg in  and appar
ently term inates in  col l apsed tumul i east of Green Mountai n  k i puka * . Ape Cave , with a passage l ength 
of 3 , 400 m ( 1 1 , 330 feet) , i s  one of the l ongest unco l l apsed lava-tube segment known . 

Lava-tube formation is apparent ly contro l l ed pr imari l y  by l ava fl ow viscos i ty ,  which i n  turn is re 
l ated to the chemistry , d i ssol ved gasses ,  temperature , and fl ow ve l oc ity of the l ava . At l east two modes 
of tube formation are disp l ayed in  the Cave Basa l t ,  and both may occur with in  a s ing l e  tube in d i fferent 
l oca l it ies . Most of the tubes apparent ly formed between shear p l anes that deve l oped with in  l am i nar fl ow 
of the mol ten  l ava (F ig . 5 ) ,  s im i la r  to the mode of formation descr ibed by O i l ier and Brown ( 1 965) . Where 
the fl ow grad ient i ncreased , however , the active fl ow probab ly  became turbu l ent , destroy ing the l am i nar 
fl ow and shear p lanes , and the tube roof probab ly formed by accretion of spattered l ava on l atera l l evees 
as observed in  act ive l ava fl ows (Gree ley , 1 97 1 b ,  1 972) . 

Lava fl ows and tubes are contro l l ed to some degree by pre-fl ow topography and are usua l l y s i tuated 
i n  topograph i c  depressions . Lava tubes represent the zone of highest fl ow ve l oc ity with in  t he overa l l 
fl ow body , ana l ogous to a hydro l og ic  tha lweg; as such ,  the ax is  of the deve l op i ng tube may m igrate i n  a 
s inuous pattern with in act ive fl ows . Some sec t ions of the Cave Basa l t  tubes , however,  appear to occupy 
t he bed of a former stream , ind i cated by exposures of country rock where s ides of the tube have col l apsed . 
These exposures a l so reveal  t hat l ava flows are capab l e  of erod ing pre-fl ow surfaces, shown by undercut 
sect ions of country rock and country rock i nc l usions i n  the basa l t  (F ig . 6) . 

* I s l and of o l der rock surrounded by younger l ava . 



TRIP 7. MOUNT ST. HELENS LAVA TUBES 

SHEAR PLANES 
/"-... 

STAGE 1: LAMINAR FLOW STAGE 2: MOBILE TUBES 

PRE flOW TOPOGRAPHY fWID LAVA 

liNING LAVA FORMATKlNS 

STAGE 3: STAGE 4: 
INITIAL DRAINAGE, FORMATION Of LINING PRIMARY TUBE FORMATION 

lAYERED LAVA 

Figure 5 .  Diagrams i l lustrating lava-tube formation associated with shear 
planes developed in laminar lava flow. Each stage is shown in longitudi
nal profi le (para l l e l  to flow axis, top d iagram) and in transverse cross sec
tion (norma I to axis, lower diagram ) .  The tube cross section i n  stage 4 i s  
shown with a n  hourglass outline to emphasize that noncircular tubes may 
form within a single flow (after Greeley and Hyde, 1 972) . 
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Transverse cross sections 

Ape Cave, Section AA' 

Ape Cave, Section 88' 

Lake Cave, Section CC'  

Lake Cave, Section DO'  0 1 0  1 5  

No vertical exaggeration 

20 

Country rock 

East 

A' 

8' 

25 Mete" 

F i gure 6 .  Transverse cross sec t ions , Moun t  S t .  H e l ens lava- tube system , 
show ing  re l a t ions  of lava tube  to lava f low a nd pref low cou n try roc k .  
I n  these sect i ons , th e lava tube i s  i n terpre ted to occupy a form er stream 
cha n n e l  (a fter Gree l ey and Hyd e ,  1 972) . 

Lou Clark
Pencil
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Ape Cave 

Ape Cave was named for a group of local cave explorers who called themselves the St. Helens Apes, 
after large, hairy, ape-1 ike creatures which were reported in the early 1920's to have attacked a group 
of miners working on the east side of the volcano. 

The tour of Ape Cave is divided into two parts; the segment of the tube downslope (south) from the 
main entrance is 1 ,330 m (3,910 feet) long and requires about 1 hour for a round trip. This segment is 
easily travelled, but there is no lower exit and the return is made back through the tube . The portion of 
the tube upslope (north) from the main entrance is more interesting geological ly, but a few areas of break
down (collapse-block from the ceiling) are present, necessitating short crawls. An exit is present at the 
end of the upper segment and the surface of the l ava flow can be followed for a return to the parking lot 
at the main entrance. The upper segment is 2,470 m (7 , 420 feet) long nnd requires a roundtrip of 4 to 5 
hours. 

For safety and enjoyment we recommend that you have a lantern in addition to a flashl ight, warm 
clothes, boots, hard hat, and gloves. The upper segment of the l ava tube should not be travel led alone. 
Standard caving practice calls for three independent l ight sources (e.g. lantern, flashlight, candle with 
matches) . 

--

Distances to localities within the tube are necessarily approximate and are given in paces (one pace 
equals five feet, or two steps). The tube walls are referred to as either the east wall or west wall (the 
tube is assumed to run north-south with upslope to the north) . 

Tube entrance 

The entrance to the tube is a collapsed tumulus which once formed a chamber above the main lava 
tube. Layered lava is visible in the walls of the entrance. 

Figure 7. Lava-tube interior near top of stair
way, main entrance to Ape Cave, showing 
lava flow gutters. View down tube. Photo 
courtesy F .  Dippolito 
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Figure 8 .  Drag mark on west wa l l ,  neor main 
entrance to Ape Cave, caused by a block 
carried by the lava stream and coming in 
contact with the sti l l  plastic tube lining. 
Mark about 1 m {3 feet) long . 

Figure 9. Lava-tube interior near main entrance, Ape Cove, showing 
complex cross section, multiple "flow" lines, and meandering nature 
of lava tubes. Tube is about 1 3 m  {40 feet) high. 
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Figure 1 1 .  A fa l l en roof block simi lor to those 
at  pace 0 (and elsewhere) showing devel
opment of a g lassy surface. Block about 
1 m (3 feet) in maximum dimension . Photo 
courtesy F .  Dippolito 

Figure 12 .  Wall section of lower Ape Cave at pace 44, showing where wa l l  
collapsed, al lowing the country rock (a pyroclastic flow deposit) to slump 
into the tube. Molten lava which dripped on the materia l ,  and the fusion 
of the slumped sediment to the tube lining, shows that collapse occurred 
before the lava flow had completely cooled . Pack gives sea l e .  Photo 
courtesy F .  Dippolito 
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Top of lower sta irway 

L ines and l edges caused by part ia l  coo l i ng of the surface d uri ng temporary ho l ts in the l ava f low 
are vi s ib le  on the s ides of t he tube (F i g .  7) . Remnants of l a te r  l ava flows t hat moved through the tube 
are presen t  on the tube fl oor . T he drag mark (F ig . 8) on the west wa l l  was caused by a b l ock be ing carried 
on the surface of t he l ava stream and coming  in contact w i th the st i l l  p l asti c tube I i n ing . The tube here 
(F ig . 9) i s  about 1 3 m (40 feet) h igh  and appears to have been modi fied by subsequent fl ow a l teration . 
Apparent ly  two or more l ava surges fl owed both t hrough on ex ist ing  tube and over the surface of t he tube . 
T hese l ater fl ows apparent ly  reme l ted the exist i ng roof to extend the tube vert i ca l l y ,  form ing a vert i ca l l y  
e longate cross section . An  a l ternati ve exp l anation for mu l t ip l e-l evel  tubes and vert i ca l l y  e l ongate cross 
sections is t hat i nd i vidua l  condu its of l ova deve loped wi th in  a s ing l e mass ive flow . As coo l i ng progressed , 
t he condu i ts may hove merged to form si ng! e ,  elongate tubes ,  or may have deve l oped as i nd i vidua l tubes 
stocked vert i ca l l y . In come areas , the conduits  merged and separated a l ternate l y  a l on g  t he course . 

Bottom of lower sta irway 

The sand and pumice on the tube fl oor have been carried i n  from the outside by streams and , i n  some 
areqs , comp l e te l y  p l ug the tube . Where the sand surface i s  undisturbed , patterns hove been scul ptured by 
water drippi ng from the roof . 

T he l um inescen ce of the wa l l s  is due to l i ght refl ect ing from water drop l ets and " cove s l ime . "  
I n  the l ater stages of tube formation , probab ly  dur i ng dra inage , a I oyer of l ava i s  accreted a l ong 

t he wal l s  and ce i l i ng  to form a l in i ng .  L ava-tube l i n ings range from l ess than 1 em to  more than 1 m  th ick 
a nd are genera l l y  somew hat more ves i c u l ar than the ma i n  body of  the l ava fl ow . Vesicu l ari ty w i thi n the 
l in i ng may i ncrease toward the tube , poss ib ly  represent i ng outgass ing i nto the tube . During or after dra i n 
age , ports o f  t h e  l i n i ng  may deve l op a g l assy surfa ce . G l oze that i s  deformed must have deve l oped w hi l e  
the l i n i ng was st i l l pl ast i c  and sub ject t o  movement . Formation o f  g l aze i s  not wel l understood; however , 
it appears to deve l op as a thi n coat i ng over the outer  ves icu la r  zone of the l i n i ng ,  possib ly  as a resu l t  of 
rap id coo l i ng by a i r  currents i n  the l ava tube . 

Paces (5 feet)  
-- 0 

(44) 
44 

(6) 

50 
(28) 
78 

(90) 
1 68 

( 1 42) 

Long i tudi na l profi les  of Moun t  S t .  H e l ens lava tubes (F igure 1 0) in poc ket .  

I l l .  LOWE R  S EGMENT TO UR - A PE CAV E 

Bottom of lower sta irway , ma in  entrance (F i g .  1 0) .  Proceed downtube (south ) .  The  
b l ocks ly i ng on  the fl oor have spo i l ed from t he roof of  the tube  (a cont i n u i n g  process ) .  
Note the devel opment of a g la ssy surface (F ig . 1 1 ) .  
Here the west wal l of t he tube col l apsed , a l l ow i ng the country rock (a pyroc last i c  fl ow 
depos i t )  to s l ump i nto the tube (F ig . 1 2) .  Mol ten l ava wh ich  dr ipped on the country 
rock and then coo l ed and fus ion  of the s l umped mater ia l  to t he tube l i n i ng s how that 
col l apse occurred d ur ing  or i mmed iate ly  fo l l ow i ng dra inage of l ava from t he tube . T he 
country rock is baked a br i l l iont red . 
S tep down , watc h head : fa l l en roof b l ock . 

Note the presence of a sma l l subseque nt l ava fl ow . Many good examp l e s  are present 
in th is  tube segment of deformat ion of the v i sco-e l ast ic  sem i mo l te n  l ava -tube l i n i ng ,  
w h i c h  produces wa l l  drapery . 
D i scont i nuous exposures on both wa l l s  of br i ck -red l a va c l i nkers (autobrecc iated l ava) 
betwee n  the I i n i ng and t he mass ive basa l t  of the fl ow . Di fferent i a l  movement of the 
l i n i ng and mass i ve basa l t  may produce a s hear zone a l ong w h i c h  the autobrecc iated 
l ava forms . Brecc iat ion may a l so have occ urred by ves i c u l at ion  i nto possi b l e  vo id s  and 
l ow -pressure

' 
areas between the l i n i ng and the body of the fl ow ,  s i m i l ar to the process 

descr i bed by Parsons ( 1 969) for l ava fl ows in gene ra l . 
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Figure 1 3 .  Lava levees developed on sma l l  
subsequent lava flow a t  pace 425, lower 
Ape Cave. View uptube, pack gives sca le.  
Photo courtesy F.  Dippo l i to 

Figure 1 4 .  Block rafted to its present position by a sma l l  floor flow 
and fused to tube lining, pace 450, lower Ape Cave. Tripod 
gives sea l e .  
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Figure 1 5. Bo l is of lava wedged between and fused to the tube wa l is 
during drainage of molten lava from the tube. Note wel l-developed 
wal l  drapery. View uptube at pace 468, lower Ape Cave. 

Figure 1 6 .  Tube interior at  pace 481 ,  lower 
Ape Cave, showing a bal l  of lava similar 
to those at  pace 468 . Note the flow I i nes 
near the base of the walls and the scattered 
white pumice fragments on the floor. 
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Figure 1 7 .  Tube interior at pace 690, lower 
Ape Cave, showing development of a short 
upper passage. View uptube . Photo 
courtesy P.  Clee 

Figure 1 8 .  A sma l l  lava tube developed in  a subsequent floor flow result
ing in a tube-in-tube structure. View uptube about 1 0  paces north 
of main en tra nee, Ape Cave. 
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450 

( 1 8)  
468 
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48 1 
(25 )  
506 
(94) 
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(52) 
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(38 )  
690 
(72) 

762 

(20) 
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96 
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A cupol a  ( a  bu l bous c hamber i n  t he ce i l i ng )  is prese nt at th i s  poi nt; i ts surface expres
s ion is a dome 20 m  (60 feet) i n  d iamete r .  T he roof is about 5 m ( 1 5 feet) th ick here . 
T he cupo l a  probab ly  formed by hydrostat i c  pressure w i th in  the c l osed tube systems and 
outgass ing i nto the tube i nterior . I n  some p l aces , pressure apparent ly  was great enough  
to  rupture t he  roof. 
We l l  -formed wa l l d rapery . 

F l oor steepens . 

We l l  -deve l oped l ava l evees on sma l l  fl oor fl ow (F ig . 1 3) .  

T ube narrows; note the b l ock  near the bose of  the east wal l  (F ig . 1 4) .  
T he b lock is fused to the tube l i n ing  and , s i nce at th is  point there i s  no obvious source 
for i t  on the roof,  i t  must hove been rafted to its  present posit ion by a subsequent fl oor 
f low or d ur ing f ina l  drai nage of the tube . 
T ube narrows , note severa l bal l s  of l ava wedged between and fused to the tube wal l s  
d ur ing d ra inage of mol ten mater ia l  from tube (F ig . 1 5 ) .  
S ing le  bal l o f  l ava wedged and fused to wa l l s  ( Fi g .  1 6) .  

S ta rt of d i scont i nuous exposures of red l ava c l i nkers i n  west wa l l  caused by co l l apse of 
t ube l i n i ng .  Exposures cont i nue downtube for about 85 m (255 feet) . 
T he sand and pum i ce fi l l  becomes t hi cker here and a we l l -developed terra ce i s  present , 
presumab ly  caused by t he reduced ve l oc i ty of the stream as it encounte red the wider 
cross-sect ion of the l a va tube . 
C upo l a ;  the tube i s  about 1 2 m (35 feet) h igh here . T he roof is 3 to 5 m (9 to 1 5  feet) 
th ick . 
A short upper l eve l  i s  present ( F ig . 1 7) ;  note the wel l -deve l oped l ava sta l act i tes . The 
section between th i s  po i nt and t he end of t he tube conta i ns a sand and pum i ce fi l l  
wh i ch  i n  some p l aces i s  more t han 1 m (3 feet ) th i ck . 
E nd of tour .  The upper l eve l is passab le  for a short d i stance; the roof of t he l ower 
l eve l meets the sand fi l l  and the tube becomes impassab l e  about 30 m ( 1 00 feet) fa rther . 
A sma l l  cave with  a s l i ght breeze at the entrance is l ocated on the surfa ce at about 
th i s  poi nt , wh ich  is  300 m (900 feet) north of the Forest Servi ce road at the L ava Cast 
area . 
End of tube ; retrace route to E X IT . 

IV . UPPER SEGMENT TO UR - APE CAV E 

Bottom of lower sta i rway , ma i n  entrance . Proceed uptube (north ) . Wel l -devel oped 
l evees and gutters , formed by subsequenl· l ava flows ,  ore l ocated 5 to 1 5  paces uptube . 
A fl oor fl ow d i sp l ays a sma l l  l ava tube , resu l t i ng i n  a t ube - in-tube structure ( F i g . 1 8 ) . 
Note that the surface of t he fl ow is broke n i nto p l ates wh ich  were rafted from upt ube . 
T he b l ocks that have spe l l ed from t he ce i l i ng show deve l opment of a g l assy surface . 
L arge breakdown  area ; the roof i s  about 7 m (2 1 feet) t h i ck  he re . Lava -tube col l apse 
a fter cool i ng begi ns w i t h  spo i l i ng  of t he tube l i n i n g .  T h i s  i s  fo l l owed by spo i l i ng  and 
col l apse of basa l t  b l ocks from the roof, eve ntua l l y formi ng a sma l l open i ng (termed a 
sky l ight) to the surface . Some parts of l ava tubes are marked by extens i ve co l l apse , 
as here , (not ne cessar i l y  break i ng  through to t he surface ,  however) that may comp lete l y 
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Figure 19.  Interior of lava tube at pace 522, 
upper Ape Cave, showing a floor flow which 
poured over an abrupt rise in the tube floor . 
Notebook gives scale; view uptube. 

Figure 20. Tube wall near pace 526, upper Ape Cave, showing ruptured 
blister and a possible nonruptured blister probably caused by gas col
lecting behind the semimolten tube lining. Note wal l  drapery and 
"flow" lines; glove gives sca l e .  
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Figure 21 . The terminus of a small subsequent oo lava flow similar to 
those at pace 668 and 801 , upper Ape Cove. View uptube; width 
of tube about 2 m  (6 feet) . 

Figure 22. Lava tube floor showing probably exposure of country rock, 
pace 731, upper Ape Cove. Pick handle about 45 em ( 18  inches) 
long. 
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b l ock the interior passage . The sma l l tube on t he west s ide of. the chamber is about 
25 m (75 fee t) l ong . N ote the deve l opment of t he w ide she l ves on bot h s i des of the 
mai n tube . T he best path over t he breakdown area fol l ows the east wa l l . 

· 

L arge roof breakdown area . Several sma l l e r  i ntermittent sect ions of roof breakdown 
occur in  the  next 1 97 m (590 feet) . 
End of roof breakdown area . T he fl oor fl ow here is aa l ava .  

T ube narrows and fl oor r i ses 1 .7 m (5 fee t) (F i g . 1 9) . Lava sta l act i tes are wel l deve l 
oped here . A series of ruptured b l i sters occur on t he west wal l of the tube , probab ly  
coused by gos col l ecting beh ind t he semimo l ten tube l i n ing . 
A poss ib l e nonruptured b l i ster is present on the west wal l obout 7 m (21 feet) uptube 
( Fi g .  20) . 
R ise i n  fl oor . 

T ermi nus of smo l l  fl oor f low (F ig . 2 1 ) .  

An orea of wal l breakdown obout 35 m ( 1  05 feet) l ong has exposed the vol l ey wo l l  ot 
this point . T he country rock (a pyroc l ost ic fl ow deposi t) is boked a bri l l iant red ond 
contoi ns frogments of char  cool wh ich  were rodiocorbon dated ot 1 ,  900 years B .  P .  
Country rocks (? ) exposed i n  fl oor (F i g .  22) . 

Wal l breokdown oreo ,  exposi ng country rock . On the west wol l d i rect l y  opposite t he 
b reakdown  areo , si l t- to sand-s ized port i c les  of t he country rock ore fused to t he t ube 
l in i ng ,  show ing that the wol l rupture wos exp los ive . T he exp l osion wos probabl y 
coused by i ntero ction of mol ten I avo w i th  streom woter,  snow , or ground water (Hyde 
o nd Gree l ey ,  1 97 1 ) ,  o l t hough generot ion of hydrocorbon gasses by destruct ive d i st i l 
l ot ion of vegetat ion buried by l ovo fl ow i s  known . T he port i c l es ore fused to the down
tube s ide of protuberances on the tube l i n i ng for at l eost 500 m ( 1  , 500 feet) uptube . 
A b l ock of dac ite w hich  has me l ted and flowed downward is v i s ib l e on t he west wal l 
ot t he uptube (north)  e nd of t he breakdown oreo . 
B reakdown area ; country rock exposed i n  both  wa l l s .  Near the northern end of the 
breakdown oreo , on t he eost wo l l ,  b l ocks of dacite conta i ned in t he pyroc l ast i c  flow 
deposits hove me l ted ond fl owed out t hrough breoks i n  t he l ava-tube l i n ing .  T he me l ted 
mater ia l  is I ight ton ond in one examp le  formed o mol ten stream 20 em (8 i nches) w ide 
ond 1 m (3 feet) l ong (F ig . 23) . 
R ise i n  fl oor of 2 m (6 feet) . 

Terminus of fl oor fl ow ,  note part i c l es of country rock fused to the fl ow . 

N ote the exposure of country rock in the eost wal l ot the uptube end of the breakdown 
area . Here the country rock i s  overhong i ng the l ovo tube . I t i s  un l i ke l y  that th i s  was 
t he origi nal confi gurat ion of the topography in an areo of eas i l y  eroded unconsol i dated 
deposits; th i s  and other overhangs i n  t he tube probab ly  represent erosion by the l ovo 
flow . Sections of L itt l e  Red R i ver Cove , for exomp le , undercut ports of the eastern , 
preflow h i l l s ide . T hus , to some degree t he pos it ion of the tube is determi ned by the 
erosive capabi l i ty of t he l ovo fl ow . 

Wol l breokdown oreos and exposures of country rock deposits (rare in most other 
a reas) provide o un ique opportunity to study re l ot ions of l ava tubes and flows to pre 
f low topography . From exposures ava i l ab l e  in Ape Cave and i n  other ports of the tube 
system ,  we conc l ude thot ports of t he l ava tube are situoted i n  a pre l ava -fl ow stream 
c hanne l . ' Th is  channel is obout as deep and wide as the present streom c hannel of 
Ponomake Creek , a smal l streom o few m i l es west of t he Cave Basa l t but unaffected by 
Ho l ocene vol cani c  eruptions . 

Sections (F ig . 24) of the tube ol ong the presumed stream channel ossume o skul l -
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Figure 23. Tube wall showing flowage of melted dacite block down 
tube wall a t  pace 790, upper Ape Cove. Glove gives sca le .  Photo 
courtesy P .  Clee 
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1---------------- Upper Ape Cave -------------+-- lower Ape Cave ---l 
Figure 24. Transverse cross sections of Ape Cove lava tube showing "cutback" configurations and 

multiple-level development. Stippled area represents lava containing the tube: A .  lower Ape 
Cove near main entrance {about pace 50); view uptube; B .  upper Ape Cove {about pace 300); 
view uptube; C .  upper Ape Cove {about pace 400); view uptube; D. upper Ape Cove {about 
pace 225); view uptube; E .  lower Ape Cove {about pace 445); view uptube. 
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s haped cross sec tion ; u ndercutt i ng by the fl ow may form asymmetr i c  sect ions . Some 
sect ions in the m idd l e  of the fl ow on gent l e  grad ie nts have hor izonta l l y ovo l sec t ions 
wh ich  may be due , in part , to l a te ra l  erosion . T ube configurat ions in meander bends 
are often asymmetr i c ,  formi ng cutbanks s im i l ar to stream beds . F urther evidence of 
eros ion by l ava i s  found in t he form of i ncl us ions of country rock i n  t he l ava fl ow . 

T he tube l i n i ng has ruptured near the base of the wal l a nd mol ten l ava beh i nd the 
l i n i ng ,  and (at some poi nts) me l ted dacite b l ocks have sp i l l ed over t he l i n i ng and 
i nto t he tube inter ior . 
Breakdown area . 

S hort upper tube present . 

Sma l l  r ise i n  fl oor ; la rge breakdown b l ocks fused to fl oor and wal l s .  N ote the fused 
part i c l es of country rock (resul t of phreat ic exp l os ion ) . 
B reakdown  area , exposures of country rock .  A ba l l  of l ava is wedged between and 
fused to the t ube wal l s  near t he up tube end of t he breakdown  area . 
Breakdow n  area , many exposures of country reck and mel ted dacite blocks . 

Breakdow n  area ;  it is poss ib l e  to craw l for about 8 m (24 feet) a l ong the contact 
between the I ova fl ow and the country rock . 
Sma l l  breakdown  area . 

S ky l ight and short upper tube . A floor fl ow wi th  wel l -formed l e vees , ropy texture , 
and sl abs is present i n  the sect ion uptube from t he sky l i g ht .  I n  th is  sect ion and uptube 
from the next sma l l breakdown area , the tube l i ni ng has ruptured near t he base of t he 
east wal l and mol ten l ava has sp i l l ed i nto the tube . 
Area of smal l breakdown , l a va cl i nkers exposed i n  west wal l in segment uptube . 

l arge breakdown area , t he roof is about 1 0  m (30 feet) h igh here . 

R ise i n  fl oor . The segment between this poi nt and the skyl i ght shows we l l -devel oped 
s ide she I ves and ruptured wal l I i n ing . 
Sky !  ight . 

Sky l i ght , EXIT . T he Ape Cave l ava tube segment terminates about 1 57 m (470 feet) 
beyond (north of) the sky I ight . 

E nd of tube; the term i nus of the next l ava tube segment (l i tt l e  Red R iver Cave )  i s  
about 60 m ( 1 80 feet) ups I ope (north) . 

T he east s ide of the l ava fl ow surface offers the best return path .  Many surfa ce features 
of l ava fl ows are wel l d i sp l ayed a l ong t he return path . A I orge crater i s  present at the 
poi nt w here the path i ntersects a l ogg i ng road near the park ing l ot .  
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LITTLE RED R I V E R  CAVE SECTION 

Small surface 
collapse 
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Country r:oc�k :i�:;::::;;;;;;�;;:;:;;::;;;��;.;�����!�����;;�;c) 
both walls. Red Stream channel cut in floor 

breccia in west wall 

Station numbers 
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400 
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LOWER APE CAVE SECTION 

Cobble si7� pumic� 
blocks in floor 

HoriZontal scale 1 n  meters 

600 BOO 1000 

Small tumulus 

Lava 

UPPER APE CAVE SECTION 

Small cave entrance. ends in 
breakdown, slight breeze 

from entrance 

Stream terrace 
with graded Uectding, 

80 em thick 

1200 ��---L------�----�------�----� 
Horizontal scale in l �t 

Blisters on 

Entrance No. 5 

Entrances may represent \'ents. some 
indication of flows around the openings 

Surface tree molds 

Small tributary tube 
west; tree mold i:1 

Slabs spatted from upper 
walls and root; lining 

up to 15�26 em thick 

Well formed 

LAKE CAVE SECTION 

F i gure 1 0 . Long i tud i na l  profi l es of Mou n t  S t . H e l ens lava tubes . 

UPPER APE CAVE SECTION 

MOUNT ST. HELENS LAVA TUBE SYSTEM 
CAVE BASALT. MOUNT ST. HELENS 

SKANANIA COUNTY. WASHINGTON 

R .  GrMiey ¥td J. Hyde 

Explanation 

� Pahoehoe Floor 

� Aa F ioor 

E::j Sand F loor 

� Colla�se blocks 

� Paccs (5 fectl 
Vertical e>-aggeration x2 

Cross section AA' 
Country rock exposed inlermittently in both walls 

T uUe incised in hillside 
I 

Subsurface stre�m drains into tube 
Charcoal, Carbon 14 sampte W-2277 from 

country rock exposure. Verttcal and 
horizontal tree molds. 

M{)(lified lrorn Greeh!V' and Hyde, 197:? 
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