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FORI!:IORD 

The St. Helens quadrangl e is a kay area fo r the study o f  T ertiary 

forma t i ons of �o rthw e stern Oregon, In this quad ran gl e the s trati graph ic 
relationship betwee n  t h e  C o l umbia River basa l t  and the o lder Goble vo l­

can ic s eri es is clearly shown. Also th e area r eveals evidence that led 
t h e  authors to as si gn mos t o f  the w i des pread silt c o v er to t he upper 
p ar t of the Troutdale formation. 

Especially aft er the grea t ly increased s tud y of oil and gas po s s i­
bili ti es of n orthwestern Ore go n be gan in 1?44 and 1?45 by the maJor oil 

compan ies, the D epart men t felt that all th e geo logi cal i nformation which 

it had gath e re d  on thi s  area should be mad e availabl� Th erefore m appi ng 
of t he quadrangl e  was co mple t ed as promptly as possibl e and the map pub­
li shed, 

The quad ran gle and the ar ea ad Jacen t to the west c ontai n  most of  
t he limo nite deposi t s  known i n  t he Sta te, Although these d eposits 

have d rawba cks for s teel making, they are or value for f ound ry iron 

and wil l  some day be put into p ro du ct i on. A few have b e e n  mined at 

times for paint pi gmen t . O riginally mapp in g  of the quadrang le was 
c ent er ed especially on a r estudy of limo ni t e occurren ces. A report of 
a much earl i er s urvey mad e by the Oreg on Bureau of Min es and Geo l o gy 

was pub li sh ed in 1?23. 

Fro m  the standpoin t o f  econ omi c geo l o gy, t he area is most import ant 

becaus e of the wid espread lateritio dep�sits o f  ferru gin ous bauxit e .  
Th es e , together wi t h the known d e po sits in other counti es, may v ery well 
prove to ba the  most valuable min eral d epo s i t s  ever found in the State. 

Pro m  a nati o nal s tandpo i nt they are do ubly i mp ortan t becaus e of th e n eed 

for inc reasi n g do mestic r e s erves o f  low-silica a lu min um ore. 

October 1, 1?46. 

F. W. Libbey 

Dire ct or 
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GEOLOGY 9F THE ST. HELENS QUADRANGLE., OREGON-WASHINGTON 

Introduction 

In 191fl the Oregon Department of Geology and Mineral Industries began a mapping 

proJect in the St# Helens quadrangle in Columbia County of northwestern Oregon as a part 

of the State geological survey. Dr. w. D. Wilkinson of Oregon State Collage was placed 

in charge of the survey and he was assiste d  by Messrs. R .  K. Meade, H. D. Wolfe, and 

J. P. Mar tin. Completion of the proJect was prevented by the war, as all of the man 

named entered the armed services in 1942. Moreo ver, the Department dis continue d the 

State geological survey in order to give full attention to war mineral work. 

In 1945, while Dr. Wilkinson was still in the Army1 s e veral large oil companies 

became active in studying northwestern Ore go n f o r  o il and gas possi bi li ties . There­

fore the Department felt that the pro J ect should be complete d and the map made avail­

able as pr o mptly as possible. Drs. w. D. Lowry and E. M. Baldwin of the Oregon Depart­

ment s pent about a month early in 1945 completing th e mapping of the volcanic r o oka in 

the northern p art of the quadrangle and in tracing the extant of the sediments tenta­

tively assigned by them to the Troutdale formation . The accompanying geological quad­

rangle map (in pocket ) was published in November 1945. 

The area within the St. Helens quadrangle, like much of w estern Oregon, is covered 

by a thick mantle of soil and dense underbrush. Most of the outcrops are deeply weathered 

and recent s lumping has obscured some of the evidence . Therefore there are likely to be 

inaccuracies in the location of the contacts, particularly of the silty sediments tenta­

tively assigned to the Troutdale for mati on, especially where they lie upon the Columbia 

River basalt and the Goble volcanic s eries . 
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Locat'1on 

'l'he grea.ter- part ol' the St. Helens quadrangle is in northwestern Oregon; the northeast 

corner lies across tile' Columbia Rive-r in Wa.shington:. Location of the quadrangle is shown 

on the index map oppoSite page l,; It lies between latitudes 45° 45• and 4,� oo• north, and 

longitudes' 122° 45 I and 123° 00 I west, and is about 220 square miles in area. General 

recon·na.isilance· of the areas lying Just outside the quadrangle was necessary in order to 

interpret the stratigraphy. 

· 'l'he region is easily accessible via u.s. Highway JO which follows the Oregon side of 

the Columbia'River. Many county and logging roads extend laterally from this main highway, 

and most parts" of the area are within l or 2 miles of a passable road. 'l'he Washington 

side is a.o·cessible v'ia the· Pacific Highway (u.s. , , )  which follows the east bank of the 

Columbia River. 

Relief and drainage 

Most of the St. Helens quadrangle lies on the east side ot' the Coast Range of north· 

western Oregon. The area is drained by the Columbia River, which follows a northerl� 

course along the eastern edge of the quadrangle. Within less than a mile of the Columbia 

River at tide level there is an abrupt rise to 4oo feet above mean sea level. West of 

this abrupt rise elevations increase gradually toward the western boundary of the quad· 

rangle where a series of north-trending ridges known locally as the Clatskanie divide 
North 

rea.ch anilevation ot about 1500 feet. 'l'ide, Milton, and/Sc&.ppoose creeks have their head-

wa.ters along the Cla.tskanie divide and flow ea.sterly or southeasterly to the Columbia 

Ri'fer.· 'l'he small part of·the area west ot' the divide'drains northwestward.into the 

Columbia by way of the Clatska.nie River. 

Strea.m gradients 'are hlgh near their headwaters along the Clatskanie divide; Tide Creek 

has a graclient or 14 percent iri the first halt-mile of its course. Other streams, near their 

headwaters,·have gradients of from 7 to 10 percent. Tne average gradient is less than 1 per­

cent exceptfor that part of the stream course near the headwaters. 

The valley profiles are v-shaped with little bottom land. Many of the divides 'on 

Columbia Rive� basalt terrane are relatively flat and undissected. 'l'he ratio ot slope-

'land to topiand is about equal. 'l'hus the character of the stream gradients, valley -profiles, 
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and divides indicates a youthful stage in the cycle of erosion. The area on the Washington 

side of the Columbia River is somewhat more dissected and suggests a slightly more advanced 

stage in the cycle of erosion. There the maxi mum elevation is a little more than 1800 feet. 

However, the maximum elevation within the quadrangle is in the southwest corner where the 

Columbia River basalt rises to more than 2000 feet. 

In the southern two-thirds of the quadrangle, the drainage pattern has been developed 

as a series of consequent streams on t�e warped and probably somewhat faulted Columbia 

River basalt surface. Those streams which have cut through the lava have been superimposed 

on the underlying sediments. Merrill Creek in the northern third of the quadrangle appears 

to be a subsequent stream developed near the contact of Columbia River basalt with the 

underlying Oligocene sandstone. Apparently the Alder Creek-North Scappoose Creek drainage 

evolved along a fault. The lower part of the c ourses of Tide Cree k, in the northern part 

o� the quadrang l e ,  and Milton Creek, west of St. Helens, appears to have been superimposed 

from a silt f il ling onto the underlying volcan ic rock. 
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Stratigraphy 

Introduetion 

All the rocks exposed in the St. Helens quadrangle are of Cenozoic age. They include 

both marine and terrestrial sedi me nts and volcanic rocks. The oldest reeks exposed consist 

of a thick series of upper Eocene basaltic flows, pyroclas t ics , and associated sed i ments 

which are widespread in part s of northwestern Or e g o n  and southwestern Washington. Sediments 

derived in part from the ero s io n of th i s  upper Eoc e ne series were
.

deposited in an advanci ng 

Oligocene sea. 

Accompanying or followi ng the retreat of the Ol i gocene sea these marine sediments and 

the upper Eoc ene r o cks were folded and eroded to form eventua lly an area of moderately low, 

rounded h ills with  rather w ide i n t e rveni ng valleys. Subaeqaintl71 during·-.ooine time, 

Columbia River basalt ic l avas poured over this surface and buried much of it to depths of as 

much as 700 feet i n plac e s. Th e se extru sions occurred intermittently, for at several local• 

i t i e s  soil lay e rs s everal f e et in t h ickness w e re d eveloped and buried by subsequent flows. 

A maJor inte rrupt ion in the ou1opouring of thess· lavas ia shown b7 .the pr,esenoe of at least 

one horizon of boc�iron deposits within the basaltic s erie s. 

The prese nt drainage may have begun to d e velop with th e cessation of t ho Mioc e ne basaltic 

eruptions. However, a long period of l aterization produc e d  an ext ensive cover of l aterit e on 

the Miocene bas alt t e rrane before it was war ped and dissected and b efore the de po sitio n of 

Troutdale sediments in the Pliocene. Both the Columbia River bas alt and the Troutdale sediments 

have been folded. Where the lava sh eets were thin over the crests of older sand s t o ne r i dge s, 

�rosion re moved them and the former sites of ridges became valleys. Changes in base•level dur ing 

and since the Plei s to c ene have resulted in considerable erosion and terrace depo sition. 

Goble volcanio series 

Th e name Goble volcanic series is herein proposed by Lowry and Baldwin for a thick section 

of basaltic flows, pyroclastics, and minor amounts of s edi me nts all of which are well exposed 

in the vicinity of Goble,  Or e gon, Just north of t he St. Helens quadrangle as well as e l sewhere 

along both the Oregon and Wash inaton si des of the Columbia Riv er. The platy basalt in the 

county quarry near Goble is shown in figure 1, o pposi te page 4. Studi es of the faunas in the 

sediments underl7ing and overlying Goble volcanic rocks ind icat e that t h e  s erie s i s  inter• 

finger ed w i t h  the marine Cowlitz formation of upper Eocene age and is unconformably overlain 

by be ds tentat ively c o r r elated with the Gr ies Ranch s tage or the lower Ol igocene. 

Culver (1,1') map ped basalt s ne ar K elso , Washington, which he states are apparentl7 inter• 

bedded with sed iments assigne d  by him to the Eocene. The writer s are indebted to I. s. McQueen 

who suggest ed that b asalt s on the Washington side of the St. Helens quadrangle were older than 

the Miocene Columbia River ba salt to which they had been generally assigned. It is understood 

that s.L.Glover had earlier suggest ed the probable Eocene age of these rooks. 



Fig. 1. Platy basalt in the Goble quarry, just north of the St. Helens 
quadrangle. The platy jointing is characteristic of some of the denser flows 
of the Goble volcanic series. 

Fig. 3. Basaltic conglomerate capped by Columbia River basalt occurring 
at o•· near the base of the basalt series, exposed near the junction of Meissner 
and Canaan roads. 

Fig. 2. Columnar jointing in Columbia River basalt exposed in a quarry just 
north of St. Helens. 

Fig. 4. Moderately in­
durated Troutdale con­
glomerate along Canaan 
Road west of Deer Is­
land. Some of the peb­
bles. such as the one 
indicated above hammer. 
are completely decom­
posed. A characteristic 
well-rounded quartzite 
pebble is shown to the 
right or the hammer. 



Stratigraphy 

On the Washington sid e, the Goble volcanic series extend s a lmost continuously north-

ward from the mouth of the East Fork of the Lewis River to the Kelsc•Longview road junction; 

on the Oregon side they extend from the town of Deer Isla nd to Wa lk er Island several miles 

d own the C olumbia River from Rainier. A sec tion of mor e than 5000 feet of flows, pyro­

clastics , and associated sediments along the Pa cific H ighway (U.S. ��) between Kelso a nd 

W oodland, Washington, is given in figure 5, opposite pa ge 7, a long with other occurrenc es. 

The lower part of the s eries appea rs to be mad e up pred ominantly of basaltic flow s 

with associated flow breccia, although tuff b rec cias occ ur �n apparently the low est part 

interbedded with marine sandstones of Co wlitz age. The upper part of the series is com-

prised of basalt ic lavas with associated pyroclastic rooks in significa nt, if not predom-

i nant1amounts. Marine sediments have not been found in the upper part of the series. Some 

of the marine sand sto nes interbedded with the lower pa rt of the seri es show la rg e contri-

butions from volc anic sources, whereas others are massive light-colored micaceou s sandsto nes 

which contain no appreciable additions of volcanic materials. A lo ng the Pa ci fi c Highway 

less than a mile north of the Kelso-Longview Junction, about 25 feet of massive yellow sand -

stone made up of quartz, p lagioclase, and mica, is overlain by about JO feet of volcanic 

breccia containing some vesicular boulders as much as 1t feet in diameter. The breccia 

appears to be disconformable upon the massive sandstone� but no significant break is i�di· 

c ated as the breccia grades upward into tuffa ceou s grit and sa ndstone. The lava fragments 

in the breooia are basaltic and loose gra ins of p lag ioclase have a composition slightly 

more basic than Ab5An5• Although marked lithologic di fferences and erosional breaks occur 

elsewhere in the Goble series1 no important stratigraphic breaks could be d etermined . The 

evidence indicates volcanic a c ti vi ty contemporaneous with marine dep ositi on. 

All of the Goble flow rooks and th e one breccia examined in thin section are ba saltic . 

The locations of rocks sectioned are indicated in figure 5, op pos ite page 71 by a "P" number. 

Of the 14 ba salts examined microscopically, eight show about 5 percent 

or less altered olivine pr ese nt as phenocrysts, a nd they may be referred to 
as olivine basalts. All the basalts are hemicrystalline and have a slightly 

to marked ly porphyritic texture with a groundmass ranging from intergra nular 

through i nterserta l to hyalopilitic. A few have a glomeroporphyritlc or 

cumulophyric texture. Phenocrysts include plagioclase, a ugite, olivine, and 

magnetite, and constitute from 5 to 35 percent of the ba salts, averaging 
about 20 percent. 

Labradorite or bytownite is the predominant phenocryst and together with 
the laths in the groundmass makes up a bout 55 percent of mo st of the ba salts. 

The average length of the plagiocla se phenocrysts is ab ou t 0.5 mm but some 

are as long as 4 mm. They have euhedral to subhedral outlines and most are 

somewhat corroded. All phenocrysts show albite twi nning, a nd combined Carlsbad · 

albite twinning is common. Poor to well-developed zoning is also common. One 
phenocryst has a c ore with a composition of Ab2An8 and a rim with a compositi on 

of Ab4An6• The composition of these phenocrysts ranges from slightly more basic 
than Ab4An6 to more basic than Ab2Ana; most ot them a re a little more bas ic than 

Ab3An7, The plagioclase in the groundmass ranges in composition from Ab5tn5 to 

slightly
_ 

more basic than Ab3An7, a vera ging about Ab35An65, labradorite. 
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Stratigraphy 

. Th.e pla·gioolase pheno� rysts in two of the sections are arranged in 
clusters, Others contain fractures which do not extend into the ground• 
mass, Incliufoil.s of magneti t·e and glass occur in some but the glass is 

believed to be present as fillings in corrosion embayments. One thin 
s�ot.1on shows the pla.g1o(llase phenocrysts partiaily altered to calcite 
and to an unidentified �eolite. 

Augite occ urs as phenocrysts in 11 o f  the 14 basalts examined , 

makin� up from 1 to 20 percent {average about 5 percent) of the rooks. 
Together with the pyroxene in the groundmass they const!tute 15 to 20 
percent of most of the basalts , The average length of the augite pheno­

crysts is lass than 1 mm, a.lthoug� a fe� crystals are as long as 4 mm. 
Most of them have a· partially corroded euhedral to anhedral outl in e. 
All of the 11 sections with augite phenocrysts contain some twinned 

�ugita and one section contains an augite phenocryst which shows both 
zoning and twinning. In soma thin sections part of the augite phone• 
crysts are arranged in.clusters. Some crystals contain included magne­
tite and a few show fracturing prior ta crystallization of the ground­
mass. The groundmass of all the sections contains grains of augite or 

minute grains ef an unidentified pyroxene. Most of the augite grains in 

the matrix have subhedl!'al or anhedral outlines although a few are auhadral. 
Same contain inclusions of magnetite, 

Olivine phenocrysts were previously noted as being present in e ight 
of the sections in amount of 5 percent or less, Most of the olivine grains 
are less than 1 mm in length; the maximum length is 1.5 mm, Their shape 
is euhedral or subhedral and some grains are somewhat corroded. All are 
altered� mostly to antigorite and magnetite although one grain was altered 
to chrysotile and serpophit e (?)* and two contain altered iddingsite. 

Magnetite occurs as inclusions in phenocryst·s and is an important 
constituent in the groundmass, forming from 2 to more than 10 percent 
of the sections . The grains may be auhedral to anhedral in outline and 
skel�tal crystals are common in several of the sections. Dust-size par­
ticles are profusely distributed throughout the groundmass of some sections. 

The glass in the groundmass of the basal ts constitutes between 5 and 35 

percent of the sections, averaging 15 to 20 perc ent. It is e i ther clear or 
brownish in color and in several of the basalts it is partly devitrified. 

The order of crystallization of the phenocrysts was magnetite, olivine, 
augite, and plagioc l ase . Magnetite was also first to crystallize in the 
groundmass and was followed by plagioclase and augite. 

The one volcanic breccia sectioned (see P-3428, fig. 5 oppaaita page 7) 
is basaltic and made up of irregularly shaped places or augite and plagio<t 
olase. together with lithic fragments, 'l'he p lagiocla s e  grains, which are 
bytownite with a compositi on of Ab25An75, are about 1 mm in size and cor� 
roded. Some of them have b e en altered to spherulitic aggr e gates o f  an 
unidentified zeolite and opaline material. The augite shows twi nni ng and 
contains inclusions of magnetite and glass. 'l'he lithic fragments are angular 
and as much as 2 mm in di ameter. They are basaltic and most are made up of 
magnetite grains and plagioclase laths in a glassy matrix . However some 
contain small grains of an unidentit'ied pyrlb,�h and oth ers ar e large l y 
glass. Although one fragment contains an alt,red plagioclase phenocryst, 
most of them are not porphyritic, 

7 

Rogers, A,F., and Kerr, P.F., Optical Mineralogy, p. 362, McGraw-Hill Book Co., N e w  York, 1,42. 
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The chemical coMpoaiUon or the Goble basalt is indicated by the tcllodns speot11o• 

graphic analyses* o"t the platy basalt t�om the Goble and Kalaaa qua��hll 

Percentage Goble, O�e;on Kalama, Walhinston 

Mora than 10" silicon silicon 
aluminum aluainum 
calcium calcium 

iron iron 
magnesium magneaium 

sodium 

0.1 - 1:' sodium 
manganese manganese 
titanium titaniull 
strontiua st�ontium 

0.01 - 0.1" chromium ch�omiull 
vanadiu11 vanadium 
barium bar.lu11 

zl�coniu• zirconiu11 
copper copper 
cobalt cobalt 
nickel nickel 

llaey ot the mor.e massive flow rooks are dark gray and oha�acterized by platy Jointins. 

The �ange in the thickness of individual flows ls not known but some appear to be mora than 

50 feet thlok. 

A wide varlaty or zeolitlo minerals and calcite are present ln some of the Goble lavas. 

The presence ot zeolites, the platy Jointlns of ao11a ot the basalts, and the associated 

pyroclastic rooks help to diatlngulah the lavas ot the Goble volcanic ••�las fro• si•ilar 

appearing rocki belonging to the Columbia Rive� basalt ••�las which lack these cha�acta�­

lstlcs in moat plaaaa (compare tlgu�aa 1 and .2, opposite page it'). 
The graata� part ot the pyroclastic �ooks or the Goble sarles in the St. Helena quad• 

rangle are quite massive and unlror• in texture. Most of thea do not show the affects of 

water sorting and apparently were deposited directly from the alr. Howava�, along u.s. 

Highway 30, half a mile north ot Goble, Just north or the St. Helens quad�ansla, a massive 

wall-indurated g�it contains a number ot wall-rounded pebbles and cobbles. Massive, Jointed 

flows or basalt both underlie and overlie the grit, and the overlyins flow baked the upper 
\ 

part or the grit to a �ed color. Soma ot the tuffaceous s�its and sandstones �orth ot 

Tide C�ae� also have bean somewhat water so�ted and so11a or the volcanic b�eocla alons 

u.s. Highway 99 no�th ot Woodland, Washington, is posaibly or mudtlow. o�lgin. 'l'ha locations 

and· characta� or a taw or the pyroclastlo rocks a�a t"ndicated in tigu�a 51 opposite page 7• 

�------------------------------------------- -�--
* 

Made by Esthe� I. Mille�, Spectroscopist, O�egon Depa�tment ot Geolosy and Mineral Indust�les. 



Stra. t1gra.phy 

More than 50 feet of massive ,  brown vol can ic breccia , o r  lapilli tuft, is exposed along 
u.s. Highway JO Just north of Tide Creek. The fragments are angular and most of them 

are less than an inch in longest dimension. The plagioclase phenocrysts in one lithic 

fragment were d eterm ined to be labradorite, Ab45An55• 
The tuff breccia along t he ro ad east of the Goble quarry is stratigraphically below 

the platy basalt in the quarry. This breccia co ntains pieces of pumice and angular 

basaltic fragments, some nearly a fo ot in diameter. Large p ieces of fossil wood are also 

present. Less than a mile north of the Beaver Homes School Just north of the St. Helens 

quadrangle and about 2 mi les west of Goble, volcanic breccias with basaltic blocks as 

much as 2 feet.in diameter underlie a pumiceous breccia which is very similar in appear• 

ance to that exposed along u.s. Highway 99 at Martin Bluff, Washington. About three -

fourths o f  the Beaver Homes breccia i s  made u p  o f  pumice fragments altered to montmoril• 

lonite, and the remainder is comp osed of angular dark gray lithic fragments as much as 

three�fourths of an inch in diameter. The Martin Bluff brecoia consists largely of 

pumice fragments altered to montmorillonite. Other constituents include dark gray lithic 

fragme nts as much as half an inch in. size, and loose grains of plag iocl ase with a com· 

po sition of basic andesine. 

At lea st 25 feet of tuff was encountered in a well about li miles west-southwest of 

the Beaver Homes School and near the boundary of the St. Helens and Kalama quadrangles. 

It has been altered to a lig ht greenish buff clay. The relatively rapid alteration of 

the glass in the Goble pyroclastic ro cks to clay is believed responsible for most of the 
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landslides which are c ommon north of Ti�e Creek. One of these sli des just bel ow the road 

about 1� miles nearly due west of the mo�th of Tide Creek has exposed tuff breccia with 

pumice fragments as much as 14 inches in length . 

As shown in figure 5, opposite page 7, the rocks of the Goble vol c anic series and 

associated sediments have a southerly regional dip. There is a reversal in the dip a long 

the Pacific Highway about ) miles north of Woodland, Washington, and another along u.s. 

Highway JO abou t J! miles north of the town of Deer Island. The terrane of the Goble 

vol canic series is thoroughly dissected and is in a stage of late youth or early maturity 
in the erosion cycle. 

The Goble vo-lcanic series is upper Eocene in age and po s sibly in part lower Oligocene . 
The Cowlitz fauna (PF-9) listed below and identified by E. M. Baldwin occurs in tuf faceous 

sediments on the east side of the Pacific Highway , o.6 mile south of the Coweman River bridge 

( see figure 5, opposite page 7, for location). The sediments dip southward about 10 degrees 

and co ntain lenses of gri t and d e composed fragments of cinders and pumice. They are strati• 

graphically a little below sands tones that are interbedded with the b asal pyroclastics and 

flows of the Goble volcanio series. 
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Nuoulana cowlitzensis ( Weaver and Palmer ) 
Pteria olarki Weaver and Palmer 
Ostrea sp. 
Volsella (Brao hidontes) cowUtzensis (Weaver and Palmer) 
Crassatellites stillwaterensis Weaver and Palmer 
Pitar oaliforniana (Conrad ) 
P. eocenioa ( Weaver and Palmer ) 
Paohydesma or. orowderl Ieaver 
Gari cowlitzensis ( Weaver and Palmer ) 
G. columbiana ( Weaver and Palmer ) 
Solana columbiana (Weaver and Palmer) 
Spisula or. paokardi var. yokamensis Turner 

Corbula sp. 
Dentallum sp. 

or. Cymatium sp. 

of. Pol1nices hornH ( Gabb) 
F1oops1s ap. 

The fauna at locality PJ•9 seems to be closely related to .the Cowlitz fauna from the 

Coal Creek section northwest·of Longview, Was hington, described by Ieaver and Palmer (1922). 

Tuffaceous sandstones and tuff breccia along the hill road about 2 miles north or Longview 

and about three-fourths or a mile east from the orest of the Lone Oak Road contain Turritella 

uvasana subsp. Conrad and A!!!!� ( Conrad) . The sandstone or this locality, which is 

midway between the Coal Creek section and l oc ality PP-91 is probably a connection between the 

Cowlitz strata exposed in Coal Creek and that in the section south or Kelso. 

,Another fossil locality (PJ'-10), near the Junction or a coun ty road with the Paoltlc 

Highway, 1.5 mllas south of the Coweman River bridge ( sea figure 5, opposite page 7, for 

location ) , and stratigraphically higher in the section than Pli'-9 yielded the following fauna: 

Huoulana ot. cowlitzensis (Weaver and Palmer ) 
Volsella ( Brachido ntes) cowlltzensis ( Weaver and Palmer) 
Pachydasma orowderi Weaver 

Telllna of� oowlitzensis Weaver 
of. Bonellitia pauolvarioata ( Gabb) 
Polinioes sp. 

By far the greater part or the fauna (PF-10) is composed or numerous shells or 

Pachydasma orowdari Ieaver. This species was named and described by Weaver (1942:1901 

pl. 46, fig. 8) who assigned it to the Cowlitz formation. His type locality is 2 miles 

south of Kelso and is probably the same as fos sil locality PF•lO. The single specimen 

figured by Weaver is slightly smaller than the average. The � she lls • range from a few 

mUUmetera to more than 43 mm in length and 34 mm in height • the largest specimen measured. 

The Goble volcanic series 1n the st. Helens quadrangle is overlain unconformably by 

t uffaceous sandstone containing a fauna tentatively correlated with the Gries Ranch stage 

or lo wer Oligocene age. The angular relationship or the Goble volcanic series to the over• 

lying Oligocene sandstone could not be determined as the atti tude or the contiguous basalts 

oould not be measured. A marked disoonformity is apparent and hence a period of erosion 

occurred before the depos1tion of the overlying Ol1gocene �andstone. 
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It is not kn�wn c ertai nly to what part of the Cow lit z formation the sandstones at 

fossi l localities PF•9 and PF•lO be long . Weaver (1937:90) note s that dark gray to black 

basalts and tuffs near the mouth of O lequa Creek are interbedded with dark-colored massive 

sandstones and shale belonging to the lower part of the type Cowlitz section between 

Wi nl ock and Olequa. In that section, measured by Weaver , about 3000 feet of Cow litz 

sediments overlie the youngest of a series of intercalated basalts whose ba se ha s not 

been determined. Ieaver (1937:91) suggests that there may be sever al thousand feet of 

shales between the base of the measured sec tion and th e top of the Metchosin volcanics. 

Hence h e evidently me ant to di stinguish the basalts in the type Cowlitz section from the 

older Metchosin volcanics. 

The l ithol ogy of the ty pe Cowlitz basalt flows and tuffs is similar to that of t he 

Gob le a nd th eir proximity indicates that they may belong to the same volcanic series. 

The Goble volc anic flows near Kelso are 15 mil es from the basalt in t he type Cowlitz 

sectionl they are similar to basalts at intermediate points along the Cowlitz River Val ley 

such as near the highway bridge over the Toutle River. Culver (1919) r ep ort ed that the 

basalts which predominate in th e eastern part of this intermediate area a re app arent ly 

in ter bedded with sedime nts as signed by him to the Eo c en e. Additional fie ld work probably 

w ill show that the Goble flows and tuffs interfinger with the type Cowlitz sectio n farther 

north. If th e basalt at the mouth of Olequa Creek in the Cowlitz section be lo ngs to the 

Goble volcanic series, then 3000 feet of Cowlitz sediments overlies this mem ber . As no 

Cowlitz sed i me nts are known to overlie the main mass of Goble rocks (if once present they 

have been removed by erosion), it seems likely that the sand stones interbedded with the 

basal members of the Gob le volcanic series belong to the lower part of the exposed type 

Cowli t z s ec tion, and that the extrusion of contemporaneous Goble f low s and pyrocla stics 

aay have forced the Cowlitz sea back to the west . 

Weaver (1937:94) states t hat the type Cowlitz se cti on between Olequa and Winlock 

represents the sout he r n limb of the North River - Dryad sync li ne , whose axis lies north 

of the city of Wi nloc k and trends northwesterly toward Grays Harbor. The section or 

Goble volcanic rocks and associated Cowlitz sandstone farther south between Kelso and 

Woodland, Washington, has a s out herly regional dip, an d thus th is sec ti o n and the type 

Cowlitz section probably represent the o p po si ng lim�s of an a ntic line . Although a 

northerly dip was not ed at the fossil loc ality about 2 mil es north of L ongview, mentioned 

on page 10, it pos sibly may be only a local reversal of the ge ne ra l southerly dip of the 

Goble volc an ic rocks and the sandstones of that regi on. 

The Goble vol ca nic series extends eastward from the north�st corner of the quadrangle 

to the Lake Merwin are a, From there its extension eastward and southward has not b een traced, 

Verhoogen (1937:2
.64) states that the Keechelus a ndesites are younger than fo lded basalts 
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whic h  c an b e s t  b e  s e en 2 5  mi l e s  e a s t .  o f  C as t l e  Ro c k  o n  t h e  r o ad to Sp i r i t Lake neaP Mt . St . 

H e l e n s ,  Wa sh i ngt o n . Th e s e  o l d e r  f o l d e d  b a s al t s  may b e l o ng to the Gob l e  vo l o an i c  s e r i e s .  

Al tho ugh t h e  p e t r o g r a p h i c  d e s c r i p t i o n s  and as s i gne d  age s  o f  t h e  K e e c h e lu s  and e s it e and the 

ma j o r  part o f  the Eagl e Creek f o rmat i on wh i c h, i n  t h e  C o lumb ia River Go rge i s  mad e up o f  

s o u thward dipp i ng b e d s  o f  pyr o c l a s t i c s and i nt e rb e d d e d  l ava f l o w s, pr e c l u d e  th e i r  c o rr e -

l a t i o n  w i t h  t h e  Gob l e  vo lc an ic s e r i e s ,  i t  i s  thought that s o m e  o f  the b a s i c  lavas e xp o s e d 

along the low,e r 
.
c o u r s e  o f  t h e  Wa sho uga l R i v e r  may b e o l d e r  and b e l o ng t o  t h e  Gob l e  s e r i e s .  

Z e o l i t i o  b a s al t e xp o s e d  a l o ng th e  Wa s h o u g a l  R i ve r ,  4 mi l e s n o r theast o r  th e town o f  

Washouga l ,  c l o s e ly r e s e mbl e s  s o m e o f  t h e  Go b l e  f l ow s . A t  t h i s l o c al i ty t h e  ba s al t dips 

ab ou t  1 5 °  t o  t h e  s o u t h e a s t .  

T h e  pr e s enc e o f  r o o k s b e l o n g i ng t o the Gob le  vo lcanic  s e r i e s  s o u t h  o f  t h e  St . H e l e n s  

quadran g l e  1 s  ind i c at e d  b y  w e l l  l o g  data . Th e  w e l l  o f  t h e  Riohf1 e ld O i l  C o mpany (B arb e r  no . 1 )  

al o ng t h e  c r e s t o f  th e P o r t land hi l l s 1 3  mi l e s  s o uth o f  t h e quadrangl e enc ount e r e d  a s e r i e a  

o f  b as i c f l ow s ,  b r e c c i a s , and tuf f s  at a d e pth o f  ab out 2 , 100 f e e t and t h e  s e r i e s wa s no t 
b o t t o me d  at 7 , 8 8 5  f e e t at w hi c h  p o int t h e  w e l l  was aban d o n e d .  

Th e C o o p e r  Mount a i n  w e l l o f  t h e T e xa s  C o mpany , 2 0  mi l e s s o uth o f  t h e  quadrangl e , p e n e ­

t r a t e d  i n  turn approxi mately 1 1 000 f e & t  o f  C o lumb ia River b a s al t ;  1 , 800 f e e t  o f  tuffac e o u s  

sand s to ne , sha l e , and c arb o nac e o u s  shal e ;  ab o u t  1 1 400 f e e t o f  aggl o me rat e , tuf f ,  and amy g­

d al o i da l  and a l t e r e d  b a s a l t  f l ow s ; appro ximate ly 4 , 000 f e e t  of s e d i me nt s ; and f i na l ly an o t h e r  

s e r i e s  o r  vo l c ani c r o c k s , 

A f o r am i n i f e r a l  f aunu l e fro m a d e p th o r 4 , 72 5  f e e t  in the C o o p e r  Mounta i n w e l l  wa s 

exami n e d by R .  E . S tewart* wh o s t a t e d :  

"Thi s f aunu l e  has a ve ry e l o s e  atr i n i ty w i t h  C o w l i t z  material r e c o r d e d  

b y  B e c k  ( 1 94 3 )  and C o a l e d o  mat e r i a l r e c o rd e d  b y  Detl ln g ( 1 946 ) ,  as w e l l  a s  

C o wl i t z  and C o a l e d o  mat e r i a l l n  t h e  o o l l e otion  of t h e Or ego n Depar tment o r  
Ge o l ogy and Mi n era l  Indu s t r i e s . My pr e s e nt b e l i e f  i s  that i t  i s  Cowl i t z · Sn  

age , but i t  i s  t o  b e  b o rne i n  m i n d  that muc h  wo r k mu s t  y e t  b e ·  d o n e  o n  th e 

f o rami n i f e ra o f  w e s t e r n  Or egon and Wa s h i ng t on b e f o r e  ma� i mum rang e s  f o r t h e  

var i o u s  s p e c i e s  may b e  a s sume d t o  b e  d e f i ni t e ly e s tab l i sh e d , "  

The 1 , 400 f e e t  o f  vo l c an i c  ro ck s l i e s  a s h o rt d i s tanc e ab o ve t h e  b e d s  t e ntat i v e l y  

c o r r e l at e d w i t h  t h e  C ow l i t z  f o rmat i o n  by Stewart a n d  has t h e  s ame s t rat i graph i c  po s i ti o n  

a s  t h e  Gob l e vo l e an 1 o  s e r i e s .  

Z e o l i t i c  ba s al t  s i milar i n  ap pearanc e t o  s o m e  o r  t h e  Gob l e  f l ow s  oc curs  1 3  m i l e s  s outh-

east o r  C o o p e r  Mountain o n  the e as t b ank 'o f the WU l a m e t t e  River ab out 1 m i l e  north o f  New Era 

and 4 mil e s s o uth of O r eg o n  C i ty .  I t  i s  w e l l e xp o s e d ·  i n  c u t s a l o ng t h e  S o u t h e rn Pac 1 f i o  

Rai l r o ad a n d  t h e  Pac i f ic H i g hw ay . J .  E. Al l e n  o f  th e O r e g o n  D ep a r t m e n t  o f  G e o l o gy  and Mi n e r a l 

Industr i e s  f 1 rat augge s t e d  t o  the wri t e r s the p r o b ab l e  p r e - C o lu mb ia River ba s al t  age of  thi s 
r o c k  wh i oh al s o  may b e l o ng to th e Gob l e  vo l c ani c s e r i e s .  

* 
Ge o l o g i s t ,  O r e g o n  D e par tment o f  Ge o l o gy and Mi neral Indu s t r i e s .  P e r sonal c o mmuni c a t i o n  

Augu s t  1 9q6 . 
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The T i l l amo o k  vo l c an i c s e r i e s  ( War r e n ,  No rb i s rath , and Gr i ve tt i ,  1 ,4 5 ) ,  c o mpri s i ng 

the h e a r t  of the C oa s t  Range i n  Ti l l am o o k ,  Was h i n gto n ,  an d Yarahi l l  c ount l e a ,  o co t.tr s to t h e  

s outhw e s t  o f  th e St.  H e l e n s  quadrangl e .  They s tat e t h a t  t h e  s e r i e s c o n s i s t s  o f  basal t i c  

l ava s a n d  tuff s a n d  that a l o ng t h e  T r a s k  Ri ver i t  i s  f r o m  6 1 000 to 10, 000 f e e t thick. No 

p e tr o graphi c study of t h e  basa l t s i s  known to have b e e n mad e but s o m e  are s i mi lar i n  

app earanc e  t o  the Go b l e  basal t s .  A s  War r e n  e t  a l  r e ported t hat t h e  Ti l lamo o k  s e r i e s i s  

unc o n f o r mab ly o v e r l a i n  b y  s e d i me n t s  c o nt a i n i n g  a C owl i t z  f auna , i t  w ou l d  appe ar that the 

Go b l e  vo l c an i c  s e r i e s ,  who s e  l ow er memb e r s  a r e  i n t e rb e d d e d  w i th Cow l l t z  s e d i me nt s , 1 s  

y ounger .  H ow ever , th e upper E o c e n e  b a s a l t  ne ar Gl enw o o d  (Warren e t  a l ) i s  probab ly c o r -

r e l at i v e  wi th t h e  Go b l e and may po s s i b ly b e  m o r e  e x t e n s i v e  than ma p p e d .  

The r e lat i o ns h i p  o f  t h e  Gob l e  vo l c an i c  s e r i e s  t o  the K e a s ey f o rmati o n  o f  upper 

Eo c e n e  or l ow e r  O l i go c e n e a g e  farther w e s t  is not known .  An e x po su r e  o f  t h e  Keas ey 

f o rma t i o n ,  ab out thr e e - f ourths of a mi le s o u t h e a s t  of the town o f  T i mb er ,  c o n tai ns 

pu mi c e  f r agment s w h i c h  p r o b ab ly c ou l d  no t stand up under muc h  r ew o r k ing and t he r e f o r e  

i nd i c a t e  c o nte mp o rane o u s vo l c ani s m .  In t h e  SWi s e e . 2 6 ,  T .  4 N . , R .  5 1. , K e a s ey quad• 

r angl e ,  Hans Norb i srath or th e u . s .  Ge o l o gi c al ' Survey o b tai n e d a s p e c i m e n  o f  gr e en s and 

f r o m  b e d s a s s i gn e d  b y  h i m t o  t h e  K e a s ey f o rm at i o n . The o nly c l as t i c  f ragments in thi s 

s p e c i m e n  w e r e  unr o u n d e d  p i e c e s o f  basic lava an d p l agi o c la s e , s o me o f  whi c h  w e r e  as b a s i c  

a s  Ab4An6 and a s  muc h  a s  1 ra m  i n  diame t e r . T h e  pr e s en c e of t h e s e  unr ound e d  f ragm ent s i n  

th i s s p e c i m e n  sugge s t s  c o nt r ib u t i o n  fro m t h e  ai r .  

A s  th e s e  pyr o c l a s ti c fragm e nt s 1 n  th e K e a s ey ar e s i mi lar 1 n  c o mpo s i ti o n t o  the r o c ks 

o f  the Go b l e  vo l c a n i c  s er i e s , the  Keas ey �ay p o s s i b ly b e  c on t e m p o r an e o u s  w i t h  part o f  t h e  

Gob l e ,  pre sumab l� t h e  mo r e  pyro c l astic  upper phas e . Thi s i d ea was f i r s t  pre s e nt e d  by War r e n , 

Nor� 1 s ra t h ,  an d Gr i v e t U  ( 1 94 5 ) ,  but l at e r War r e n  and Norb 1 s rath* ab an d o n e d  i t  b e c au s e f o s s i l  

evi d en c e sugge s t e d  that at l ea s t  t h e  upp e r  member o f  t h e  K e a s ey formation i s  e q u i val ent t o  

th e Gri e s  Ranch f o r mati o n o r  l ow e r O l i go c e n e  ag e .  O l i go c e ne s ed i m e nt s  c ontaining a fauna 

t en tat i ve ly as s i gn e d  to th e Gr i e s  R an c h  s tage unc o n f o rmab ly o verlap th e Go b l e  vo lcan i c s e r i e s  

i n  th e S t .  H e l e ns quadran gl e .  I f  t h i s  a s s ignm e nt i s  c orr e c t  and i f  t h e  Gr i e s Ranc h f o rmat i o n  

i s  e qu i va l e nt to t h e  u p p e r  par t o f  t h e  K e a s e y ,  th e n  a t  l ea s t  that part o f  t h e  K e a s ey i s  n o t  

c o nt e mp o r an e ous wi th t h e  Gob l e  vo l c an i c  seri e s .  

War r e n ,  N o r b i srath , Gr ive t t i , an d B r o w n  ( 1 ,45 ) s tate  that Eo c en e  and e s i t i c  tuf f s  and 

vo l c an i c  b r e c c ias w i t h  a maxi mum th i c k nes s o f  po s s ib ly 71 000 f e e t  o ve r l i e  u p p e r  Eo c e ne s e d i -

m e n t s  t e n ta t i v e ly as s i gne d to t h e  C ow l i t z  f o rmat i o n ,  and t hat C o w l i t z  f o s s i l s  o c cur in 

tuffac e o u s  s e d i m e nt s  i n t e rb e d d e d  w i th th e u p p e r  part o f  t h e  vo l c an i c  s e r i e s  a l o n g  th e high• 

way betw e e n  Renton and Seattl e ,  Wa s h i ngt o n . Th e Eo c e ne vo l c an i c  s e r i e s  in that r egi o n  may 

b e  e qui val ent i n  a g e  t o  mu c h  o f  the Go b l e vo l c an i c s e r i e s . 

* 
Per s o nal c o mmu n i c a ti o n f r o m  War r e n , July 1 ,4 6 .  
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T h e  Gob l e s e r i e s  p r o b ab ly i s  e q u i va l e n t  t o  o th e r  vo l c an i c  s e r i e s  i n  Wa sh i ngt o n  and 

Or egon w hi ch ' o c c u py s i mi l ar po s i ti o ns in t h o  s trat igraphic c o l u m n ,  H o w e ve r , unt i l  mo s t  

'o f '"these vo lcan ic u n i t s  have b e e n  d at e d  mo r e  ac curat e ly and d e s c ribed mor e fu l l y, no c o rre-
l a t i o n  w i t h  s uch f o rmati o n s  as th e l o we r  part of th e C l a r n o  and the Ca lapo oya i s  warranted, 

O l igo c e ne s edi me nt s 

The o l d e s t  ma r i n e  s e d i m e n t s  known t o  b e  exp o s e d  w i th i n  th e S t . H e l e n s quadrangl e  are 

O l i goc e ne s and s t o n e s w h o s e  di s trib ut ion i s  s h own on the ac c o mpany i ng ge o l o gi c map ( i n  p o c k e t ) . 

Th e main a r e a s  of O l i go c en e  s e d i m e n t s  ar e pr e s e n t  a lo ng Sal t C r e e k ,  C o x  Cr e e k , and s outh of  

Me rr i l l C re e k , Goo d e xpo sur e s o ccur a l ong t h e  S c a pp o o s e  to Ve rno n i a h i ghway and t h e  C l ar k  

and W i l s o n  Lumb e r  C ompany ' s lo gging ra i l r o ad . B e gi nning a t  Spi t z e nberg, t he s e  sediments 

f o rm a c o nt i nu o u s  o u t c ro p t o  P i t t sb urg B l u f f ,  8 m i l e s  t o the w e s t ,  Th e O l i goc e n e r o c ks ar e 

m o s t l y  mas s i v e ,  me di um- to f i n e -grai ne d t u f fac e ou s  sand s t o n e  w i t h  s o m e  gr i t ty and c o ngl o m-

e r at i c  c o mponent s ,  Th ey ar e c o mmonly gray i n  col o r and w e ath e r  t o  b u f f  o r  y e l l o w i s h  b r o wn .  

Farth e r  w e s t t h e  s e d i m e n t s  ar e e s t i ma t e d  ( Warr en,  Nor b i s rat h, and Gri vett i ,  1?4 5 )  to have 

an aggr egate th i c kne s s of at l e a s t  2 , 300 f e e t ,  

Th i n  s e c ti o n s  o f samp l e s t a k e n  a t  d i f f er e n t l o c al i t i e s  a n d  s t u d i e d  by Wi l kinso n show 

marked s im i l ar i ty i n  c o mpo si t i o n ,  The s an d s t o n e  i s  c harac t e r i z e d  througho ut by an ab undanc e 

of vo l c an i c  g l as s and by the  pr e s enc e , i n  vary i ng amounts, of mus c o vi t e ,  b i o t i t e ,  plag1o-

c l as e , ho rnb l ende , orthoc las e ,  and quarta, a s  we l l  a s  bas i c r o c k  fracmen t s , 'l'he gla s s  
inc lud e s  magn e t i t e  i n  du s t l i k e  parti c l e s ,  i n  s ome  s e c t i o ns i n  su ch quant i t i e s  that th e g la s s 

fragmen t s can b e  p i ck e d up b y a strong magnet. The m i n e r a l  gra in s  are angu l ar to subansu-

l ar in shap e whereas  the r o c k  part i c l e s , wi th t h e  e x c e p t i o n  o f  angu l ar pumi c e fragment s,  are 

u sual ly f a i r ly we l l  r ou n de d ,  Th e grai n s ar e we l l  interl o c k e d ,  

S o m e  of  t h e  O l i go cene s e d i � e n t s  ar e non- mari n e , Wo o d  a n d  f i n e l y d i v i d e d  c a r b o nac e o u s  

mat t e r a r e  p r e s e nt t h r o u gh o u t  t h e  e n t i r e  s ec ti o n  expo s e d  al o ng No r th Scapp o o s e  Creek, a s w e l l  

as a t  many o t h e r  l o c a l i t i e s .  Tw o c o al b ed s , t h e  l arge r o n e  o f  whi c h  i s  a t  l ea s t  6 f eet thi c k ,  

are expos ed o n e  m i l e  s o u t h  o f  De a r  I s l an d  and 2i mi l e s w e st of  Scappo o s e ,  r e 1 p e c t i ve ly .  

O l i go c e n e ma r i n e  s e d ime n t s t e ntat � ..... l! ly as s i gn e d  t o  t h e  Gr i e s  Ranc h s t a g e  o v e r lap t h o  

Gob l e  vol canic seri e s  unconformabl y al o ng T i d e  C r e e k  i n  t he Sh i l o h  Bas i n .  Wh e th e r  thi s un• 

c o nfo rm i ty i s  angu l ar c o u l d  n o t  be d e t e rm i ne d f r o m t h e  a va i l ab l e e xpo sure s ,  Tuff ac eo u s gri t s ,  

s and s t o n e , and m i no r  am o unt s o f  c o ngl o me rat e a r e  th e pr e do mi nat i ng roc k types i n  t h i s l ow er 

pa r t  o f  th e O l i go c e n e  s e c t i o n ,  Th e p r e s e n c e  o f  w o o d  fragmen t s and a f ew l eave s , t o g e th e r  

w i t h  t h e c o ar s e  t e x tu r e  o f  th e sed i me nt s , s ugge s t s  t hat t h ey repr e s e nt a near- s h o r e fac i e s , 

A fauna ,  PF- 1 2  ( s e e  f i g .  6 ,  o p po s i te p .  1 5 ) ,  c o l l e c t e d  f ro m  a b e d  o f  gri t ty sandstone 

i n  the w e s t  b an k  o f  the r o a d  ab ou t  two - th i r d s  o f  a mi l e north o f  t h e  Shi l o h  S c h o o l  y i e l d e d  

t h e  f o l l o w i ng f o r m s : 
Mya:d e sma howe1 C l ark 

P ac hyd e s ma ga s t o ne n s i s Clark 
Spi s u l a  packar d i  ( Di c k e r s on) 
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A . f.'auna ,  PP· l 3  ( s e e  f i g . 6 ,  o ppo s i t e  p .  1 5 ) ,  c o l l e c te d  f r o m the no rthw e s t c o rner ot 

s e c . 31  . .  � • •  5 N. , R �  2 w . , o n  th e A .  Ann l c k e r  p l ao e  no rth o f  the Canaan Sch o o l  1a  U ated 

b e l ow.  , Th e  s e di ments ar e  tuffac e o u s  and c ontain l en s e a  o f  gri t  with ao me pumi c e  r raame n t a .  

Sp i su l a  pac kardl ( D i c k e r s o n ) 
Pitar c larki ( Di c k e r a o n ) 
T e l l lna c t .  p l t tsburge n a i s  C lark 
Taras c r .  g r i e s e n s i a  Ef f i ng e r  
Luo i na o f ,  d a l l i  { Di c k e r s on ) 
Ve n e r 1 o ard1a ap.  
Na.t i o a  sp.  
cfo  Mo l o po phorus a t e ph e n s o ni D i c k e r s on 

Fo s a i l a ,  PF-14 , { a e e  f i g .  6 ,  o ppo s i t e  p .  1 5 ) ;  w e r e  c o l l e c t e d  f r o m  outa  along a farm 

road on  the hi l l s i de w e a t  o f  Basho p C r e e k ,  a th i r d  or a mi l e  aouth or the c o nflu ence  o f  

Bashop and T i d e  o r e e ka .  The s e c t io n  expo s e d  1 s  ab out 100 t e e t  t h i c k and h 11a.de up larse ly 

o r  sph e r o idal ly weath e r e d  tuffac e o u s  a ands t o n e  w i th minor amount• o r  gri t and a t ew c o n ­

c r e t i o nar;y la,era .  I t i a  p r o b ab l;y not  mo r e  than 300 f e e t  fro m th e b a s e  o t 'the Ol1so o ene 

a e o t l o n .  T h e  f o l l o w ing fauna , al though f ai r l;y abundan t ,  w a a  po o r l;y pr e a e r ve d ; 

Y o l d l a  c r .  m e r r lami D i c k e r so n  

Ac i l a  a�ard 1  ( C o nrad ) 
P i tar c larki ( Di o k e r a o n ) 
Splsula a p .  
Thrac i a  c r .  c o ndoni  Dal l 
T e l l lna o f .  town s e nd e n a l s  C l ark 
T. c r .  p l t t sburgens i s  C lark 
Taras c r .  gr1 e s en s 1 s  Ef f i ng e r  
Vener1oard1a a p .  
S o l e na s p .  

Bruc larkla 
o f .  Mo l o p o ph o r u s  stephens on! Di c k e r son 
Ep 1 t o n 1um o f .  o o nd•ni Dal l 
Nati oa s p .  
Dental lum s p .  

Ab out hal f  a mi l e  farth e r  s o uth near t h e  Ge orge P e t e r a o n  plac e and atrat igraph l o a l l;y 

ab ove th e fo s s i l  l o o al i t;y ,  the b ed a  b e c o me v e r;y mi c ac e ou s .  

Th e abo ve fauna s c o l l ec t e d  f r o m  the val l e;y o f  T i d e  C r e e k  b e l o ng t o  t h e  basal part o f  

th e Oligo c en e  a e c t l o n  near th e c ontac t  w i th the und e r l;ying v o l c an i c  s er i e s .  The t au na a  ar e 

t entat l ve l;y c o r r e l at e d  w i t h  t ho s e  o f  the Gr i e s  Ranch stag e ,  as l i s t e d  b;y Et t i nger ( 1,38 ) 
and Durham (1,44 ) . The faanaa ar e a l s o  s i mi lar to a fauna f r o m  Con;yers  C r e e k  in the 

C latakani e quadrangle 1 d ent1 f 1 ed b;y H. E.  Vo ke s ,  who c o r r e lat e d  it with t h e  Gri e a  Ranch 

a tase o f  the O l i go c e n e  {War r e n ,  No rb i arath , an d Grl ve tti , 1 '4 5 ) •  

The t otal t h i c kne a s  o t  the s e  s e diment a  tentat lve l;y a s s i gn e d  to  t h e  Gri e a  Bano h a tage 

ia no t known. Prob abl;y the  greater part ot the O l ig o c en e  s e c t i o n  in the St . H e l ena quad­

rang l e  ia mad e  up ot b e d s  of P lt t aburg B lu f f  age w ith aome b e ds  o t  So appo o ae age ( larren,  

No rb i s rath , 1 '46 ) in t h e  s outheaat e rn and nor thw e s t e rn par t e  o f  t he quadrangl e .  
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Fo s. s i l s  c o l l e c t e d by ifarren,  Norb i s ra:th , and Gri ve tt i ( 1 945 )  within th e  S t , H el �!ns 

quadrangl e and ad j o i n i ng ar e a s  ( �e e  f ig ,  6 1  o p p o s i t e  p .  1 5  f o r  f o s s i l  l o c a l i t i e s ) and 

i d e nt i f i e d  by H . E . Vokes ar e g i v e n  in the fo l l o wi ng l i s t : 

Tab l e  1 .  

Che c k l i s t  o f  F o s s i l  L o c al i t i e s  i n  o r  n e ar the S t ,  H e l en s  Quadrang l e  

A c i l a  shu mard i ( Da l l } . . . . . . . . . . . 
A . muta C lark , . . . . . . . . . . . . . 
Nu c u lana c f ,  N .  w a s h i ng t o n e n s i s  ( W e aver } 

*N,  a r r . N. o c h s n e r i ( And er son  and Mar.t in ) . 
Y o l d i a  a f f , y ,  t e nu i s s ima Clar.k , 

Y .  arr . y ,  o r ego na ( Shumar d } 
llytilus  c r .  ld. mathew s o n i i  Gabb 

C r e n e l l a  porteren s i s  Ieaver . . 
C o c h l o d e sma af f ,  c .  bainb r i dgen s i s  C lark 

Thra c i a  c ondo n! Da l l  . . . . . . . . . . . 

Ven e r 1 c a r d 1 a  c f , V. hann ib a l i  C lark • 
Lue ina c r .  L ,  acut 1 1 1 neata C o nrad . 
Taras g o o d s p e e di Durham • . . . . . . . . . 
T ,  par i l i s ( C o nrad) . . . . . . . 
C l1nocardium s c a p p o o s en s i s  ( Clar k } 
Mac r o c a l l i s t a  pitt sburgen s i s  . . . . 
P i tar c f .  p ,  da l l i  · (W eave r ) . 

T e l l i na p i t t sburgens i s  C lark . . . . . . . 
T ,  c r .  T .  kamakaw a e ns i s  . . . . 

T.  c f . '1' .  o r eg o n e n s i s  C o nrad 

.Mao o ma twi n e n s i s C la r k  . . . . 

S o l en c f ,  s .  c lal lamen s i s  C lark anci Arno l d .  
s . c f ,  s . town s e nde ns i s  Clark . . 
S o l ana e ug e n e n s 1 s  C l ark . . . . . . . . 

S p i s u l a  p1ttsburgens 1 s  C lark . . . . 

s .  v e n er i f o r m i s  C la r k  . . . . 

s .  a l b  aria s c a p p o o s e n s i s  C lark 

P a n o p e  ra.mon e n s i s  C lark . . . . . 

P ,  s n o h o m i s h e ns i s  C lark • . . 

Nat i c a  s p , . . . . . . . . . . . . . . . . . . 
Turr i t e l l a cf , T. wh e a t l a nden s i s  C la r k  

Bruc l a r k i a  c o l umb i ana ( Anderson  a n d  Mar t i n } . . 
B .  a c u m i nate. ( Ander s o n  and Ma r t i n ) . . . . . • 
Mo l o p o p h o r u s  ga.bbi Dal l . . . . . . . . . . . . 

P a r s e  p i t t s b u r g e n s i s  Durham . . . . . . 

P a r s e  n.  s p . . . . . . . . . 

S p i r o tro p i s aff , s.  dickerson!  ( '/Ieave r )  . 

*Dentalium p o r t e r e ns i s  /I eaver . . . . 
* D• c o nrad i  . . . . . . . . . . 

* Aturi a  s p ,  . . . . . . . . . 

* No t s h ow n  o n  c h e c kl i s t s w i t h  pr e l i m i nary 

c r .  i n d i c at e s  "c ompare " . 

P i t t s burg Bluff 

X e r ,  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X c r . 
X 

a r r .  

X 

X 

X 

X 

X 

X 

X X 

X 

X 

map , aff , 
M• l l 9  

X 

X 
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X 
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X 
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a f f . 
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X 
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. * 
S c a ppo o s e  
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X X 
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.. 

'I 
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indi cates  "affinity " ,  
i s  t h e  Rocky P o int 

l o c a l i ty ,  
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'4 ·muc h  mo r e  c o mple te . Ol i g o c e ne s e c ti o n  i s no• r e c o gnized , in the S t .  H e lens ar ea than 

was f o r m er ly known. · !!!!!· shQmardi , whloh was cons i de r e d . the ind e x  f o s s i l  of the P i t t sburg 

Bluff f o rmat io n , is now known to occur also i n  b e ds o f  Gri e s  Ran cp . and Linco l n  age . A fauna 

c o l l e c t e d  fro m tu ffac e o u s  s ands to ne  along th e Ro o ky Po int road Jus t s outh ot th e St.  H e l en s  

quadran g l e ( ll.· l � ' '  f i g .  6 ,  o ppo si t e  p .  15)  ac c o r di ng to Vo k e s  a n d  Warren* has i t s  c l o s e s t 

a f f i n ity wi th t he So o ke fo r mati o n , but i nasmu c h  as Asto r ia f o r m s  ar e  al so  pr e s ent,  they 

think , that t h i s  fauna II&¥ b e o f  i nt e r me di at e age . Warr e n  and No �b i sr ath ( 1,46 : 2 31 )  r e f e r  

the s e , b e d s t o  the  Scappo o s e  fo rma.ti o n  o f  uppe r O l ig o c e n e  o r  l ow e r Mi o c en e  a.ge.  

No pr on ounc e d d e po s iti o na.l b reak s  have been fo und and .the r e  is  very l i t t l e  l i th o ­

l o gi c a l d i f f e r e n c e w i t h i n  the O l i go c ene strata i n  t h e  S t .  H e l e n s  quadra.ngl e .  Any b r e ak 

in the St.  H e l e n s  quadrangl e mus t  b e  i mp l .le d ·large ly t r o ll  f au na l  stud i e s .  H ow e ver , Warren 

and Norb i s rath ( 1,46 )  state that t h e  Sc appo o s e f o r mat i o n  s e e m s  to r e s t  d i s c onfo rmab ly on 

th e P it tsburg B luf f f o rmat i on and is s e parat e d t r o ll  i t  by a c o ngl o m erat e o f  var iab l e  thick• 

n e s s . C hann e l i ng and c hanne l  fi l l s  a r e  c o mmo n but may no t  i n d i c a t e  a ma J o r  br1ak. Some  

b ou ld e r s  a s  muc h  as  a f o o t  i n  d i ame t e r a r e  p r e s e n t  i n  t h e  c hann • l f i l l i ng s ,  and p e trograp h i c  

exam inati on of  on e o f  t h e s e from a r o adc ut n e ar Chap man indiCate s that i t  i s .  a b a s a l t o  

Exami nat i o n  o f  a th in sec t ion o f  an oth e r c o b b l e  f r o m  c o ngl o m erat e n e ar t h e  base o f  th e 

O l i go cene s e c t i o n  ln the no r thw e s t  c o r n e r  o f t h e  qu adran g l e  ( P •  3442 , f i g .  5 ,  o ppo s i t e  p. 7 ) , 
sh o w s that it i s  s i mi lar i n  c o mpo s i ti o n  to t h e  b asalts  o f  the Gob l e  s e r i e s .  !h e . s e d i m en t s  

c o ntaining the s e  c o b b l e s  and b o u l d e r s  w e r e  e vi d en t ly d e r i ve d  a t  l eas t i n  part f r o m  the 

e r o s i o n  of a vo l can i c  mas s , p r e su mab ly in par t fro a the Go b l e s e r i e s  and, dur ing f lu c t u ­

at i o n s  o f  the s trand l ine , w ere s pr e ad over a f l o o dp l a i n  o r  w e r e  l a i d  d o w n  i n  sha l l ow s ea s .  

Fro m li. re gi onal vi e wp o i n t , th e o l der  O l i go c e ne s e di ments d,iP southw e s t  f r o m  the high• 

land o r  Gob l e  vo l cani c s ,  and t h e  youngest  part of t h e - o l i g o c en e s e diments o c cur i n  the 

so uthwes t par t of t h e  ar e a .  Re l i ab l e dips w e r e  di f f i c ul t to o b t ai n ,  how e v e r , and only th e 

mo s t  r e l i ab l e  att i tud e s  have b e en p l o t t e d  o n  t h e  ge o l o gic map . Ii1 so me p l ac e s the b e d s 

are nearly f lat . 'l'he m e ag e r  s tru c tura l inf o r mati o n  indicat e s  gent l e  .f o l di ng,  and s o me o f  

the s t e e pe r  d i p s a r e  p e rhap s influenc e d  b y  fau l t ing . N o  w e l l - de f i n e d  pa tt ern o f  f o l di ng 

and fau l t ing was d e t e r mi n e d .  Tuf fac e o u s  s e d i m e n t s in many o f  the o ld er r eadout s ar e b ad ly 

.w e athered and the o l atey mat erial in them fac i l i tat e s s lumping. ror t h i s  r eas on many o r  

the appar ent d i p s  a r e  qu e s t i o nab l e .  

The r e  i s  a mark e d unc o nf o r m i ty at th e ·top o f  t h e  Ol i goc en e s e c t i o n • 'l'h e ove r'ly i ng 

C o lumb i a  R i v e r  basalt l i e s  upon a surface or mo derat e r e l i �f amount i ng to s everal hund r e d  

t e et.  Th e surfac e o f  unc o nf o rmi ty trunc ate s s e d iments and vo l c an i c rooks rang ing i n  age 

· from C o w l i t z  (upper  Eo c e ne ) n o rthw e st or Longview, las hi�gt o n1 to tho s e  of upp er · Ol i go o e ne 

·or lower Mi o c e ne age a l o ng th e Roo ky P o int ro ad • . . . In p la_o es h i gh l an d s  o r  rook s o l d e r  t han 

C o l u mb i a  R i ve r  b a s al t r i s e ab o ve th e lat er l ava surfac es • 

• 
P e r s onal c o mmuni cati o n  from Warren.  



Strati graphy 1 9  

C o lumb h. Ri.ve r b a s al t 

Th e name  C o l u mb i a  R i ve r b a s a l t  as o r i gi na l ly u s e d  by Rus s e l l  ( 18 9 ) : 20 -2 2 )  i n c l u d e d  

b a s i c l ava s o f  s e ve ral g e o l ogi c age s  1 n  Wash i ngt o n ,  Oregon , I d ah o ,  and C a l i f o r n ia . Th e 

name has  s i nc e  b e en u s e d by many w r i t e r s  f o r  only th e b asalt o f  Mi o c e n e  ag e and i t  i s  i n  

thi s r e stric t e d  s e n s e  that th e t e rm i s  e mp loyed  b y  t h e  w r i t e r s . 

C o l umb ia R i v e r  b a s a l t  f o r me r ly c o ve r e d  much o f  th e quadrang l e w e s t o f  t he C o lumb ia 

R i ver . The pr e s e nt d i s tr ibution  i s  s how n o n  th e ac c o mpany i ng g e o l o g i c  map ( in p o c k e t ) . 

Go o d  expo sur e s  o f  d a r k  gray to b lac k una l t e r e d  b asal t may b e  s e e n i n  s e veral quar r i e s 

al o ng North Scappo o s e C r e e k  and Ju s t no r th o f  th e t own ot S t .  He l en s .  Frac tur e d  and 

J o i n t e d  c o lu mn s , as w e l l as co nch o i dal ly f ractur ed "b r i c k-bat •• b l o c k s ,  are c o mmon. 

A s s o c iated wi th t h e s e  i n  many p la c e s ar e th e u sual ve s i cu lar phas e s .  Lat er i zat ion o f 

th e C o lumb i a R i ver basal t terrane pr o duc e d f e rruginous b auxite at the sur fa c e ,  and the 

lat e r i t e  grad e s  do wnward into l e ac h ed basalt that r e t ains o nly th e t e xtural f e atur e s  and 

the magn e t i t e  of th e o r i ginal r o c k .  H en c e , f r e s h  r o c k  is e nc ount e r e d  ma i nly al o ng str e am 

val leys w h e r e  i t  has  b e en expo s e d  by r e c en t  e r o s i o n .  

Th e th i c kn e s s  o f  t h e s e  l ava s h e e t s  i n  th e S t .  H e l e ns q u a dr angl e 1 s  ab ou t 7 0 0  f e e t .  

Th e o r igi nal thi c kn e s s  may have b e e n so mewhat gr eat e r .  Appar e n t  s o ur c e s o f  s o m e  o f th e s e 

l ava s ar e d i k e s  w h i c h ar e r ound on Scappo o s e ,  A l d e r ,  and Merr i l l  c r e a ks .  The Merr i l l  

c r e e k dike , standing verti c a l ly and stri king n�rth e a s t ,  has b e e n  trac e d  f o r  hal f a m i l e .  

The trend o f  o th e r  d i ke s  was i mpo s s i b l e t o  determine  b e c au s e  o f  the t h i c k  s o i l  mant l e .  

F o l l o w i ng are d e sc r i pt i o n s o f  t h e Co lumb ia Ri ver basal t by w .  D .  Wi l ki n s o n . Th e un-

altered  spe c imens  of the s e  lavas are v e ry f i n e - grai ne d .  On th e  f r e shly f rac tur e d  surfac e ,  

pri s matic f e l d s par s are r e c o gn i zab l e  an d are  surrounded b y  a hya l i n e  ma t r i x  wh i c h  gi ve s a 

vi t r e o u a  l u s t e r  t o  th e s u r f a c e .  

I n  gen era l , the  c o l o r  i a  dark gray o r  b l ac k ,  but s amp l e • f r o m  s o m e  l o c a l i t i e a  ar e " l ight e r  

gl!"'l,)'· . Mueh o f  th e v e s i c u l a r  l ava i s  gray in co l o r ,  c hangi ng t o  b lac k i n ·  t h e  mass ive phaB e s , 

None o f  the b a s al t s am p l e d  waa c o mpl e t e ly f r e e  o r  al t e rat i o n w h i ch in s o m e  p l ac e s  has 

· pr ogr e s s e d  s o  f ar that o n ly r e l i c t  t e xtur e s  c an be f ound . Th e u sual al t e rati o n  o f  i r on-b e ar i ng 

mine�al li haa r e su l t e d in l i monite  s t a i n  al o ng r r·a c tu r e s  and J o ints . 

A numb er of t h i n  s e c t i o n s  o f  th e f r e sh unal t e r e d b a s a l t  w e r e  cut fro m 
aamp 1 e s  ta k e n  at w i d e ly a eparat ed l o c a l i t i e s .  In al l s e c ti o n •  e x am i n e �  the 

mo st s tr i ki ng f e atur e is the exc ep t i o nal ly high pe rc e ntage o f  g las s . The 

a m ou n t s  as e s t ima t � d r ange fro m 10 to )0 p e r c en t . P l ag i o c l a a e  having a 

c o mpo s i t io nal range o f  Ab 5An5 to Ab4An6 i s  p r e s ent in am o u n t s  aa gr e at as 
60 p e r c ent . The r emai nder is  augi t e  w i th no t mo r e  than 3 p e r c e n t  magn e ­

t i t e .  

Magn e t i t e  was o n e  o f  th e f i r s t and al so  l a s t  mi ne ral s t o  c ry s tal l i z e .  
The f i r s t  gen e rat i o n  c o n s i s t s  o f  w e l l - f o rmed and s p ear like ske l e t al c ry s tal s. 
Th e s e c ond generat ion  c o n s i s t s o f w e l l -d i s s e minated dust,  wh i c h  i s  c o n f i n e d  

�o t h e  int e r s t i t i al g l as s . Fo l l owing the first  g en era t i o n o f  magn e t i t e , 

augi t e  c rystal l i z e d .  Al though many of the c rys tal a a r e  e u h e dra l 1 l arge a r e a s  

i n  wh i c h  th e c ry s tals  ar e anh e dr a l  ar e equal l y  co mmon . The pri smat i c  and 
gr anu l ar c rys t a l s  all show frac t ur i ng and c l e avage trae e· s .  Nu:t i n  o r d e r  of 
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c ry s ta l l i z a t i o n  w e r e the plagi o c lase f e l d s p a r s  wh i ch are s l e nd er p r i smat i c  

c ry s tal s typ i c a l  o f n e arly al l t in e • gr ai n e d  b a s al t i c  r o c ks. They s e l d o m  

s h ow m o r e  than t.h r e e  o r  t o u r  tw i nn i ng l ame l l a e . They u sua l ly are w e l l ·  

f o r me d a l o ng t h e  p r i s m  r ac e s  and s ke l e tal o n  t h e  e n d s .  P i l ling t h e  i nt e r ­

ven i ng s pac e i s  a brown to black g las s c ontai ni ng v e ry t i n e  magn e t i t e  dus t ,  

t r i c hi t e a ,  and c ry s ta l l i t e s .  

Thin s e c ti on s  o t  alt e r e d  mat e r i al ha•e much th e app earanc e o t  an 

a l t e r e d  tuf t .  ou t l i ne s ot the p l agi o c l a s e and augi t e can b e  d i s c erned 
under medium magn i f i c at i o n .  Gla s a  t i l l ed t h e  i n t e r s t i t i a l  s pac e b u t  has 

b e en c omp l e t e ly a l t e r e d to c lay . The o n ly mine ral unaff e c t e d  i s  the mag· 

n e t i t e  wh i c h  s t i l l  r e tai ns i t s  o r i gi na l  t'o rm and d i s tr i b u t
'
i o n .  

The t e xtur e o t'  t h e  ba sa lt i s  h e mi c ry s tal l i n e ,  f r e qu e n t ly l i no phyr i c 

and , with d e c r e a s e d  gl a s s and inc r e a s e d c ry s tal l i nity , i t  might b e  c a l l e d  

diab as ic . 

S o i l  lay e r s  s everal t e e t  t h i c k  and l im o nit i c  i r on b e d s  s ome o t  whi c h  ar e more  than 1 0  

t e et thi c k  o c c ur wi t h i n  t h e  C o lumb ia River b asa l t s e r i e s ,  i n d i c a t i ng c onside rab le time i n ­

t e r val s b e tw e e n  outpour i ngs o t t h e  lava s .  S u c h  s o i l  l ay e r s  may b e  ob s e rved i n  the rai l r o a d  

c u t s  nor thw e s t o t  t h e  Trenho l m r o a d .  In addi t i o n ,  s t r eam grave l s c o mp o s e d  o r  ba s al t ic ma-

t e r i a l  o c cur e n c l o s e d  in o l de r  b a s a l t and b u r i e d  b e neath young e r ,  r e lat i v e ly u nal t e r e d  f l o w s  

e a s t  o t' t h e  Me i s s n e r  r o a d ,  ab o u t  2 m i l e s  w e s t  o r  t h e  Shi l oh Scho o l  i n  s e o . 30 , T .  6 N . , 
R .  2 W. A s i mi lar c o ngl o m e ra t e  s h ow n  i n  f i g .  31 o ppo s it e p .  �. i s  exp os e d i n  the readout 

near the Jun c t i on o r  th e Me i s sn e r  and Canaan r o ad s .  The c o ng l o merat e c o n s i s t s o t'  a t  l e a s t  

2 5  te e t o r  w e l l •r ound e d  b a sa l t i c  p eb b l e s , c ob b l e s , and o o u l de rs t o g e t h e r  w i th o n e  large 

b l o c k  or sand s t o n e  6 f e e t  i n l ength .  S e v e r a l  t e xtural va ri e t i e s  o r  b a s a l t  ar e  pre s e nt . The 

c ong l o m e ra t e  is c appe d by a r e la t i v e ly fr e s h  b a sa l t  f l ow b ut its ba s a l  c o nta c t  is not s ho�n . · 

P o s s ib ly thi s c onglo m era t e  i s  at the ba s e ot' t h e  C o lumb i a  Rive r b a s a l t  as it oc curs n e ar the 

c o ntac t with the O l i go cene s and s t o n e . The p r e s en c e  or the b lo c k  or sand s t o n e and s e ve ra l 

t e xtura l va r i e t i e s  o t'  b a s a l t l e s s typ i c al o r  t h e  C o lumb i a  R i v e r  b a s a l t  than o t'  t h e  Gob l e  

vo l c an i c  s e r i e s  sugg e s t s  t hat t h e  s tr e am c arry i ng th e gravels  w a s  s t i l l  d e ri ving much o r  i t s 

load f r o m  o ld e r  ro o k s .  A b a s a l t i c  c ong l o m e r a t e  i s  known t o  o c c ur a t  th e b a s e  o r  th e C o lumb i a  

R i v e r  b a sa l t  a t  s e v e r a l  p la c e s  i n  no rthwe s t e r n  Or egon { Warr e n ,  N o rb i s rath , 1 '�6 : 2 3�) . One 

thi c k  s e c t i o n  is exp o s e d  i n  the r o ad a l o ng th e C la t s kani e River in t h e  Hi s e c .  361 T .  1 H. ,  
R .  4 I.  

Th e l i m o ni t i c  i r o n  o r e s ,  g e n e ral ly known a s  t h e  S c app o o s e i r o n  d e p o s i t s ,  ar e  a par t  ot 

th e Co l umb ia R i v e r  b a s a l t f o r ma t i o n .  Th ey o c cur b e tw e e n  f l ow s  o f  C o lumb i a  R i v e r  basal t  and 

a l though s o m e  e v i d e n c e sugg e s t s the p o s s-i b i l i ty that mor e t han one l im o ni t i c  h o r i z o n  e x i s t s ,  

H o t z *  s t at e s  that f o r  any s i ngl e d ep o s i t  t h e  o r e  b e d  l i e s  b e tw e e n th·e sam e t w o  t l o w s  and 

that a l l the d e p o s i t s  may o c cupy th e s a m e  s t rati graphic p o s it i o n .  Th e l imoni t e  d e p o s i t s  a r e  

n o t t o b e  c o nfu s e d  w it h  the la t er i t e w h i c h  i s  a t  th e t o p  of th e basa ltic s e c t i o n a s s h o w n  in 

t'ig.  7 o n  P •  2 2 .  Th e l i mo nit i c or e s  o c cur a s chann e l f i l l i ng s and a s  s h e e tl i k e  bog �e p o s i t s  

r e s u l t i ng fro m t h e  dep o s iti on o t  i r o n  d e r i v e d  fro m  t h e b a s a l t s  b y  ch e mi cal w ea th e r i ng dur ing 
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S o m e  o f  t h e  larg e s t  d e p o s i � s  o f  l i ru o n.i t e  a r e  f o und a t  t h e  O r e go n  Char c o al I r on . C ompany 

and C o lp o r t  Deve l o pm e n t  Company , H i l l  6oo , and Bunke r  Hill  l ocal i ti e s  w i th i n  t h e  S t .  H e l e n s  

quadrangl e ;  and at t h e  l r o nc r e s t  a n d  Lady s m i t h  pr o p e r t � e s  b o t h l e s s  t h a n  2 m i l e s  t o  t h e  w e s t . 

of t h e  quadrang l e ,  L o c at i o n  o f  t h e  ma j o r  d e po s i t s  i s  g i v e n  o n  t h e  g e o l og i c  map ( i n  pocket ) , 

Er o s i o n h a s  r e mo v e d  part o f  the  o v e r l y i n g  b a s a l t  s o  that t h e  d e po s i t s  a r e  e xp o s e d  in p lac e s , 

A c c o r d i ng t o  H o t z * , s o m e  of t h e  l i nro n i  t �  d e po s i t s  a r e  500 f e e t  above the c o ntact o f  th e b a s a l t  

w i t h  t h e  u n d e r l y i ng Ol i go c e n e sedimen t s ,  and i n  o n e  p l a c e  t h e overb u r d e n  is  s ai d  t o  c o n s i s t  

o f  160  f e e t  o f  c l ay an d w e a th e r e d  b a s a l t , 

Th e expl o r a t i o n  by t h e ,  f e d eral a g e n c i e s  ( U . S .  Bu� of Jline s 'far Mine ral s Re p o rt 1 8 6 ,  

1 ,44 : 7 )  s h o w s  t ha t  t h e  d ep o si t s  have th e f o l l ow i ng c h ar ac t e r i s t i c s :  

" T h e  i r o n  o r e  oc cu r s  i n  s o m e  p l ac e s  a s  a b l an k e t  f o rmat i o n  b e tw e e n  

w e a th e r e d  b a s a l t  f l ow s  and ! n  o t h e r s  b e tw e e n sandstone  and a l t e r e d  b a s a l t .  

" 'i' he r e  i s  c on s id erab l e  e vi d e n c e that muc h  o f  t h e  o r e  r. a. s  b e e n  m o v e d  by 

s t r e a � s  and d e p o s i t e d  in d e pr e s si ons,  t hu s  f o r ming a natural c o nc e n t r at e .  

S o m e  o f  1 t  may b e  a c he m ical pr e c i pi ta t e  ( b o g  i r o n} , b u t  t he r e  ar e f e atur e s ,  

e v e n  in  t h e  l a r g e  b l an k e t  o f  t h e  Co lport-Ch ar o o al ( Orego n Char c o a l  I r o n  C o . 

and C o l po r t  D e v e l o pm e nt C o . ) d e po s i t ,  that stro ngly i nd i c at e  t r a n s p o r t a t i o n  

and d e p o s i t i o n ,  The o r i g i na l  s o u r c e o f  t h e  o r e  may have b e en pr e c i pi t a t i o n 

in b o gs o r  c h e mi c a l  d e o o mpo sl t i o n  a n d  l ea c h i n g  o f  t h e b a s a l t  f o l l ow e d  by 

t r an s po r t at i o n  by s t r e ams and c o n c en trat i o n  in d e pre s s i o ns o n  t h e  s u r f a c e , "  

Ac c o r d i ng to Wi l l i am s and Parks ( 1 , 2 3 : 14 - 1 5 )  s ome e vi d en c e  d i s p l ay e d  i n  the o p e n  out s  

and tunne l s  a t t h e  I r o n o r e s t  pro p e r ty jus t w e s t  o f  t h e  quadrangl e b oundary b e ar o n  t h e  g e n e s i s  

o f  t h e  l i mo n i t e o r e s .  

" T h e  f a c e o f  o r e  shown i n  t h e  o p e n i n g s  r ang e s  f r o m  4 t o  18-/r f e e t  and wi l l  

p ro b ab ly average 1 0  f e e t  • .  T}l e o r e  � s  s o f t ,  y e l low t o  b ro w n  i n  c o lo r ,  w i th 

i r r e gu l ar b a n d s  of the hard var i e ty runn l n! t h r ough i t .  A t  t h e e n t ranc e  t o  

one  of  t h e  tunne l s ,  and i n  s o m e o f  t h e  m o r e w e s t e r ly o f  t h e  a e r i e s  o f  o p e n  

o ut s ,  t h e  b e d r o c k  o n  w hi c h  t h e  o r e  r e s t s  i s  a s t i c ky gray c l ay c o nt a i n i ng o c ­
c a s i o na l  p e r f e c t ly w at e r -r o u nd e d  grav e l  p e b b l e s .  The p e b b l e s  a r e  l a r g e  and 

sma l l ,  l i ght in  c o l o r �  s i l i c e o u s ,  aany of t h e m  undoub t e dly ve s i c ul a r  rhy o l i t e .  

T h e  c l ay c o nt a i n s  al so num er o u s p i e c e s  o f  s i l i c i f i e d  wood a n d  ma s s e s  o f  e pa l ­

i t i c  c e l l u l ar s i l i c a  wh i c h  i s  s o m e t i m e s  b an d e d  a s  i f  d u e  t o  the i mp e r f e c t  

r e p l a c e m e n t  o f  a wo od  s truc tu r e , "  

Mo st o f  t h e b o d i e s  o f  l i m o ni t e  ar e  o ve r l a i n  by a b e d  o f  wh i t e  tu f f a c e o u s  mat e r i a l  

( Wi l l iams a n d  Parks , 1 ,2 3 : 12 )  whi c h  i n  t urn i s  c o ve r e d b y  a f l ow o f  b a s al t .  

Th e ari thmeti c al average ( dry b as i s ) o f  t h e l i mo n i t e  o r e  f r o m  5 d e p o s i t s  i n  o r  Ju s t  

w e s t  o f  t h e  qu adrang l e  i s  g i v e n  {u . s .  Bun, et Mine s War Mineral s R e p o r t  1 8 6 ,  1 ,44 : 1 2 ) b e l e w : 

I r o n  • . . 48 . 6  % 
Su l p hur o . o46 
Pho s p ho r u s  0 . 7 3 
Ma ngan e s e  . . . . 0 .  58 
S i l i c a  • 5 ..3 3  
Alum ina 4 . 2 6  
Igni t i o n  l o s s 1 2 . 4 5 

*H o t z ,  o p .  c i t .  



2 2  Ge o l ogy o f  the S t .  H e l ena Quadrangl e  . 
The l i mo n i t e  o r e s  w e r e f o r me d dur i ng a qui e t pe r i o d b e twe e n  t h e  extru a i o n s  o f  t he b a sa l t  

whe r e a s  t h e  f e r ruginoua bauxi t e ,  o r l at e r i t e ,  w a s  te r m e d later o n  t o p  o f  t h e  bas al t s er i e s a s  

i nd i c a t e d  i n  t h e ac c o mpany i n g  a k e to h .  The t h i c kne a s  o f  th e basalt b e tw e e n th e s e  two ho r i z o n s  

i s known o n ly at t h e  O r e a o n  C h ar c o al I r o n  C o mpany and C o l po rt Deve l o paent C o mpany depo s i t .  

Ho t z *  r e p o r t s  that appro x i ma t e ly 7 5  f e et o f w ea�h e r e d  b a s a l t  was enc ount e r e d  i n o ne dr i l l ho l e 

b e tw e e n a 4 = f o o t b e d  o f  s h o t o r e  { f e r ru g i n o u s  b aux i t e ) an d the l i m o n i t e ho r i z o n .  H e  b e l i e ve s  

that thr e e  f l ows make u p  th i s  t h i c kne s s .  

.----- s i l t  o ve rbu r d e n ( Tr o u t da l e  ? )  

�����������=-- lat e r i t e ( f e rrug i no u s  b aux i t e ) 

w e a t h e r e d  b a s a l t  

_ b o g  l i mo n i t e  and 
a s s o c . s e d i me n t s  

Fig . 7 - I d e a l i z e d  c r o s s - s e c t i o n  t hrough C o l u mb i a River basal t 
s ho w ing r e l at i o n s h i p  o f  l a t e r i t e  to l i m o ni t e .  

T h e  f e rru gi no u s b aux i t e  d e po s i t s  a t  t h e  t o p  o f  the b a s a l t i c  s e c t i o n  w e r e  f o r m e d  b y  a l o ng 

p e r i o 4  o f  l a t eri za t io n  wh i c h r e su l t e d  i n  an e xt en s ive c o ve r  o t  la t e r i te o n  t h e  Mi o c e n e  b asa l t  

t e r ran e .  The s e  d e po s i t s  are  mor e ful ly d i s c u s s e d b y  Li bb ey , L o wry , and lla s o n  ( 1 94 5 ) • The 

l o c a t i o n  of f e r ru g i no u s  b auxi t e d e p o s i t s  is i n d i c a t e d  o n  t h e  g e o l o g� c map ( in p o c k e t ) . Al t ho ugh 

muc h  o f  t h e  o r ig ina l b l an k e t  o f  la t e ri t e has b e en r emoved by e r o 1 i o n ,  t h e  u p p e r  par t o f  t h e  

l at e r i t i c  pro f i l e i s  kno wn t o  c o n s i s t  o f  n e ar ly 1 0  f e e t  o r  mo r e  o f  r e d d i s h - b r o w n  o � l i t ic o r  

p i s o l i t i c  t e r rugi n ou s  b auxi t e  w i t h  a s i l i ca c o nt ent o r  ab o u t  7 pe r c ent . Thi s i s  und er l a in by 

e i t h e r  a no du l ar o r e ar t hy f e r ru gi n o u s  b aux i t e  w h i c h  u sual ly c o nta i n s a l ow e r  i r o n c ont e nt . 
Th e thi c kn e s s  o r  t h i s l o w e r  h o r i z o n  i s  no t d e f i n i t e ly known but at o n e  l o c al i ty t he s i l i ca con-

t e nt o f  t h e alter ed  basal t ab out 5 f e e t  b e l ow t h e  c ontac t w i t h  the p i s o l i t i c  ho r i z on i s  about 

1 5  perc ent,  and i t  i s  t h o u g h t  that t h i s mat e r i a l  gr ad e s d o wnward i nto l e s s .  a l t e r e d  b a sa l t . 
The har d p i s o l i t ic f e rrug ino u s  b auxi t e i n  an ab an d o n e d  rai l r o ad cut ab out half a mi l e  s outh e a s t  

o r  Yankt on i s  a pp ar e n t ly c on f o r mab ly o v e r l ai n  by a s o r t , l ight-brown baux i t ic c l ay c o nt a i n i ng 

g i bb s i t e , quar t z ,  apat i t e ,  mu s c o vi t e ,  z i r c o n , t o urma l ine , a s w e l l  as o t h e r  a l n era l gra i n s .  

Al t ho uch t h e  o r i s i n  o r  th e baux i t i c c l ay i s  n o t  c e r t a i n ly kno w n ,  Lib b e y ,  Lowry , and Ma son  ( 1 945 )  
* 

Ho t z 1  o p .  c l t . , f i gu r e  2 .  
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b e l i e ve i t  .was f o rmed from . a tran s po rte d s i l t  dur ing the s ame p e r i o d  o f  w e ath e r i ng as t h e  

unde,ly, i ng . f errugi"ous baux ite.  Th ey stat e that the  ari thmet i c al  average o f  the f e rrugino us 

b..ux1te r ohannel •saJDp1ed in C o lumb ia County , mo st o f ' whi c h  o c curs i n  th e S t .  He l e n s  quadran g l e ,  

�· )8 . 6 ) p erc ent alumi na, 20. 70 perc ent i r o n ,  � . 8 )  perc ent t i t ania, a n d  , . )6 perc ent s i l i ca.  
T h e  1ateri zati on t o o k  p l ac e b ef o r e  th e d e po s i t ion o f  s i l ty s e d i m e nt s  (younge r  t h a n  th e 

baux i t i c  c lay) whi c h  d i s c onf o rmab lz o ver l i e t h e  b a s a l t  and f erruginou s b aux i t e . Th e s e  s e d i ·  

menta ar e t entati vely a s s ign e d  t o  t h e  upp er part o f  the Tr outda l e  f o rmat i o n  o f  P l i o o e ne age . 

The r e l a t i onship o f . the lat e r i t e  t o  the c oar s e r and o l d e r  pha s e s  o f  the Troutdal e i s  no t  

shown i n  t h e  st. Hel ens quadrangl e .  How ever ,  farther e a s t  o n  t h e  R o o s t e r  Ro c k  ro ad near 

Crown P o � nt, f errugi nous b auxi t e ,  d e r i ve d  fr om t·h e  under lyi ng C o l umb ia Ri ver bas a l t by 

weatheri ng, is overl ain unc o n f o rm ab ly by tuffac e o u s  Trout dal e s an d s t o ne s and grave l s .  The r e  

a s l igh t  angular d i s c o r d an c e as w e l l a s  a n  e r o s i onal b r e ak b e tw e e n  t h e  C o lumb i a  R i ver bas al t 

and
.

·,Tr ou t d a l e f o rma t i o n  i s  indi cat e d .  As po i n t e d  out by Lib p ey , Lo wry , and Mas o n  ( 1 ,4� ) ,  th e  

1ateri  z a  ti.o n probably t o ok plao e .  whi l e  t h e  Co lumb i a  R i ve r  basal t t e r ran e wa s l o w • lying and 

b e f o  . .r.� 2th e . b a s al t s  w e r e  f o l d e d ,  b e c au s e  t h e  rat e of !' o rma t i o n  of l at e r i t e had to exc e e d  the 

rat e ,o f i t s  r e moval by e r o s i o n, and b e c aus e the a t titude of the lateri t a  appar ently c o nforms 

t o .  that. o f  th e basal .t s . Th e pr e s enc e o f  T r o u t da l e  sands and grave l s  at s ea l eve l on the 

)'l'ash 1,ngt on s i de o f  t h e qua d r angl e al s o  po i nt s  to the d ep o si t i o n  o f  the s e  s ands and grave l s  

aft e r  t h e  lat e r i t e .  had b e en f o rm e d , as t·h e known f e rruginous b aux i t e d e po s i t s  i n  thi s vi c i nity 

d o  no t o c cu r  mu c h  b e low 300 f e e t .  

Th e f e rruginous b auxi t e  d e p o s it s  ar e fai r ly ac curate i nd i c ato r s o f  th e r e gi o nal struc tur e  

o f  t h e  C o l umb ia R i ve r  basal t  as indi cated by L ib b ey ,  Lowry ,  and Mas o n  ( 1 ,4 � ) . Wi l l iams and 

P ar k s  ( 1 92 3 )  s tat e that the stru c tu r e  of tho l i mo n i t e  d e p o s i t s  n e ar Sc appo o s e  c l o s e ly c onfcr�s 

t o  t h a t  o f  th e en c l o si ng b a sa l t s  and that the O r e go n  Charc oal Ir o n C o mpany and C c l po r t  D e v e l o p­

ment C o mpany d e p o s i t  about 2 m i l e s  n o r t hw e s t  o f  S c a ppo o s e ,  d i p s  ab out )0 t o  the north e a s t .  

R e l i ab l e  d i p s  i n  t h e  C o l u mb i a  R i ve r  b a s a l t ar e d i f f i c u l t  t o  o b t a i n  b e c aus e  th e r e  ar e f ew 

g o o d  e xp o su r e s  and b e c au s e  th e d i p s  a r e  l ow ,  in m o s t  p l ac e s  o n ly a f ew d e gr e e s .  I n  th e s outh• 
w e s t  c orner  of th e quadrangl e the basal t i c  s u r f a c e ha s i n  plac e s  an a l t i tude gr eater than 

2 000 f e e t  w h e r e a s  near S t . H e l e ns the b a s a l t  is a t  s ea l e ve l ,  A s  t h e basa lt s pour e d  cut  o ve r 

a s u r f a c e with a mo d erat e  r e l i ef o f  ab o u t  500  o r  600 f e e t  and , a s  t h e i r  max i mum t h i c kn e s s  i s  

ab o u t  700 f e e t ,  the ir pr e s e nt t o p o grap h i c  d i s t r i b u t i o n  i s  the r e s u l t  o f  fo l d i ng w i th s o me a d ·  

j u s t ment due t o  f au l t ing . L i b b ey, Lowry ,  and Ma s o n  ( 1,45 )  sugg e s t  that t h e basal ts  in the 

s outhw e st part o f  t h e  quadrangl e app e ar t o  f o rm the southw e s t  l i mb of a south east-plunging 

syn c l i n e who s e  axi s runs thr ough Yankton and p ar a l l e l s o r  c o i n c i d e s w i th Mi l t o n  C r e e k .  Thi s  

s t ru c tu r e  a p p ear s to b e  f ai r ly w e l l  e s tab l i sh e d  and i s  s hown by s t r u c tural section  B·B ' o n the  

ac c o mpany i ng map { in p o c ke t ) . Fau l t i ng o f  the C o lumbi a River basal t i s  known t o  have o c c ur r e d  

i n  s e veral p l ac e s ;  h ow e ve r ,  the a x t e n t  o f  fau l ting i s d i f f i c u l t  t o d e t e rmi ne f r o m  ava i � ab l a  

expo sur e s .  S o me f au l t s  a r e s ugge s t � d  i n  s truc tural s e c ti o n B·B ' b u t  n o  attempt was mad � to 
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show t � e  l o ca1:2. o n  o r  d ir e c t i o n  o r  faults o n  the g e o l o gi c  map .  'l'he southw e s t  a i d e  o t  the 

PI.'Obab l e  f aul t &l4ng Hol'th Scappo·o a e  C r e e k  �ppeara to have mo ved d own in r e l at i o n to the 

no rtheas t s i d e . Howe ver , the north e ast a id e  or an other probab l e  fau l t  ( no t  mapp e d )  whi o b  

appear s  �.o tr end n0r thw es t e JOlt thr o ugh the r o ad int e r u o t i o n  thr e e • f our th s of  a mi l e  s outh 

o f  Yankton moved down in r e l at io n  'to the southw e s t  s i d e o  H o t z * no te d that n o r mal f au l t s  

o f  s .aa .l l displac ement out  t h e  U mo n i t e  in so11e  e xpo sur e s .  

T h e  Co lumb i a  River b a s a l t  t e rran e  i s  o hara'c t e r i z e d  b y  a youthful t o p o graphy .  Many 

o f  the d ivides  are qu i t e . broad and r el at i v e ly undi s s e o ta d ,  and s o m e  s ti l l  re ta in a part ial 

c o ve r  o f  l ater i t e  d e ve l o pe d  o n  t h e  or i gi na l basaltic  surfac e .  Al s o  ind i c ative o r  a youth• 

ful s tage are  the s t e e p  gradi ents of s o me of the str e ams w h i c h  drai n ar e a s  ada up o f  

Co lumb ia Ri ver basal.t . 

The C o l umb ia River basalt  in . th e St.  He l e n s quadrangle i s  s im i l ar p e tro graphi c al ly 

to that round e l.s ewhere in Or e g o n .  It r e st s unc o n f o rmab ly upon s trata ranging in age f r o m  

u p p e r. Eo c ene (Cow lit z )  t o  u p p e r  Ol i g o c ene or  l o w e r  Mio c e n e .  Weaver ( 1,37 : 171 ) · s ta te s that 

lavas . on the Wa�hington s i d e  of the C o l umb i a  River c o ntai n i nt e r b e d s  of mar in e sand stone 

with f o s s i l •  ,o r t he A storia f o rmat i o n  and thu s the lava s  and in t e r c al at e d  s e d h aent s , east,  

northeast ,  and south east  o f  P i t t sburg may · b e  regarded  a s  o f'  m idd l e Mi o c en e  age . The b a s a l t  

. in th e S t .  He le n s  quadrangl e 1s  a co ntinuat i o n  o r  th e Co lumb i a  R i ve r  basal t i·n the P o rt land 

ar ea . mapp e d  by Tr a a s h e r  ( 1 �42b) whe r e  it i s  over lain d i a o o n f o r raab ly and probab ly a Ughtl;y 

unc o nf o r mab ly by th e Troutdal e f o rmat i o n  o f'  P l i o c en e  age . 

Tr outdal e forma t i o n  

'l'he name 'tr outdal e was i nt r o duc e d  b y  H o dge ( 1 �33 )  f o r  grav e l s  .and s an d s  depo s i ted b y  

the anc e s tral C o lumb ia River whi c h  ar e w a l l d i s p l ay e d  near 7rout dal e ,  O r e go n .  T h e  f o rm ati o n 

was c o n s i d e r e d  by Ho dge t o  b e  p r o b ab ly o r  P l e i s t o c e ne age but later  s tudy ot th e Trou tdal e 

f l o r a  by ·ehan ey ( 1 �44 ) indi c a t e s  that i t  i s  l o w e r  P l i o c e n e . Tr o ut d a l e s e di ments c an b e  

trac e d  from a l o c al ity near C amas , Wash i ng t o n ,  ac r o s s  t h e  Co lumb i a  R i v e r  t r o m  Troutdal e ,  

northw e s t ar ly ' into the S t .  H el en a quadrangl e .  

A s  muc h  a s  600 t e e t  o f  
'
r e lat ively unco n s o l i da t e d  c o ngl o merat� , sand s t o n e ,  and a U t  w h. i c h  

is  t entat i v e ly aa s i gned  to  the  up p er part o f  t h e  'l'ro utdal e ,. c over c ertain parta  o f  t h e  

S t o  He l e n a  quadrangl e .  One ar ea i a  north o f'  Wo o dland , Wa shingto n,  where i t  1 a  e x po s ed by . 
' 

r e c e nt· e x c ava t i c n a  al ong u. s .  Highway � � .  Ano the r patch l i e s  a o uthw e s t  o r  st . Hel ena,  and 

a third t orms a di a o ont inuous c 1rou l ar b e l t  extend ing from D e e r  I s l and th rough Shilo h  Baaln 

to the  C o'lumb i a  R iv e r a n d  the n s ou thward t o  Deer I a l and.  The 'l'routdal e format ion  l a  •uo h  

m c r e  wi d e spr e ad than indicat e d  b y  . the map p e d  a r e a  as t h e  map p ing o f  t h e  a U ty upp e r  phas e 

whi c h  c overa r ' muc h  o r  the C o lumb ia R 1 v� �  ba � al t t e rran e ,  e a p e o i a l ly areaa und e r l ain by later i t e , 

waa n o t  prac t i c al e v e ryw h e r e .  

* 
Ho t z ,  o p .  o tt. 
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The s eo t i o n  o f  the Tr outdal e f o rma t i o n  exp o s e d  in t h e  h igh c U t t s  alons u. s .  H ighway '' 

north · o f  lToo.dland , Washington, i s  repr e s e nt e d  i n  t h e  ideal i z ed o ro u - s e c t i o n  b e low, tig.  8 .  
I t  contains  an , i nterb ed o f  mas sive vo l can i c  b r e c o f. a  about 1 2 5  f e et thi c k. 'l'h e s e d i 11ents 

expo s e d  b elow the b r e c c i a  are po o r ly i n durat e d  and c o ns i s t  of more  than 2 5  feet o f  medium· 

grained s an d s t o n e  w i th s o m e  grave l and a l eaf-b earing sandy shal e .  They unoonf ormab l7 o v e r •  

l i e  basal t s  of the Gob l e  vo l c an i c  seri e s .  

N s 

Fig.  8 - I d e al i z e d c r o s s - s e c t i o n  o f  the  Troutdal e f o rmati o n  n o r t h  o f  Wo o d land , 

Wash i ngt o n , show i ng i n t e r b e d  o f  volcan i c  b r e c c i a  and u n c o n f o rmab l e  

r elat i o n s h i p  w i th b a s a l t s  o f  t h e  Go b l e  vo l c anic  s e r i e s . 

The b e d s a b o v e  t h e  vo l c an i c  b r e c c ia ar e s i mi lar to th o s e  b e l o w  i t ; t h ey c o n s i s t  of  l i ght• 

c o l o r e d  medium-grained  san d  toge t h e r  w i th b e d s  of i ntraf o rmati o nal c o ng l o merat e and at l e a s t  

o n e  b e d  o f  l i gh t- c o l o r e d  tuff . Par t o f  the sand i s  charac t e r i z e d  b y  c r o s s - b e d d i ng ;  l oc al un• 

c o n f o r m i t i e s  and cut•and•fill s t ru c tu r e s  ar e c ommon through out the s e c t i o n .  A s t e e p  r e ver s e  

f au l t  c u t s  the  Tr o utdal e s ed i m e n t s  i n  o n e  o f  t h e  r e adou t s a s h o r t  d i s tanc e s outh o f  th e Go b l e  

b asal t s . 

The s an dy part o f  th e Wo o dl and s e c ti o n  c o n s i s ts of sub angu lar mineral grai n s  and r o c k  

f r agm e n t s  w i th quar t z ,  f e l d spar , and m i c a  a s  i mp o r tant c o n s t i tu e nt s . 'fh e  grav e l  i s  mad e 

up l arge ly o f  we l l -ro und ed  pebb l e s  o f  basal t and o th e r  e ru p t ive r o c ks but quar t z i t e  p e bb l e s  

c harac t e r i s t i c o f  th e typ e  Troutdal e ar e fai rly c o mmon . Th e sand and c o ng l o merate  e xt end 

upward t o  an e l e va ti o n  gr e ater than 500 f e e t w h e r e  t h e  trunc a t e d  spur s l e ve l  o r r ,  r i s i ng 

gradually away f r o m  t h e  river . Mo r e  than 2 0  f e a t o f  badly w e athered c o ngl o m erate i s  

exp o s e d  i n  a s l i d e  a t  t h e  b r eak• i n- c l o p e  J u s t  b e l ow the t o p  o f  o n e  o f  the  truncated spur a .  

The c o n g l o m erat e .  h e r e  c o ns i s t s  mainly o f  d e c o mp o s e d ,  w e l l - r o u n d e d b a s alt i c  p e b b l e s  and 

c o b b l e s in a tuffac e o u s  matri x .  S o m e  unw eath e r e d  quar t z i t e  p eb b l e s  ar e pr e s e nt and t h ey 

are  al s o  s catt e r e d  o v e r  th e surfac e up to an e l evat i o n  o f  750 f e e t .  Th e s e  are pre sumab ly 

r e s i dual f r o m  the w eath er i ng of the Troutdal e .  

A l th o ugh the Trout da l e  f ormat i o n  o n  th e Wa shingto n s i d e  i s  c o mp o s e d  mai nly o f  c o n• 

glo m e rate  and sand, on the O regon s.1 de the c o ngl o me ratic phas e i s  overlain by a w i de s pr ead 

ma s s i ve s i l t  w i th a s s o c iat e d  random p e bb l e s  and c o b ble s .  The s i l t  i s  t e ntat i v e ly con• 

s i d e r e d  to be  an uppe r  s i l ty phas e  o f  t h e  Tro u t dal e f o rmat i o n  as the r e  is  at pre s ent ln• 

suf f i c i e nt e vi d e n c e t o Ju s tify a d i s t i n c t i o n .  
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? \  " ·, ··A�dut . 2.!> r ,  .. e::\ .or sctl!lewhat indurate d o onglomel'ate .is exposed along t!le Canaan Road one 

111'l e : w e s t  ,o f �De er. :I·�tland1 f i:g. 4 �  o ppo s t t.e P• 1-f. - .It is compos e d o,t w e l l :.rounda d pebb l u 

and : .o obb l i s  in a ya l l owi ah · sandy matrix . As �n the Wo o d l and se�ti o n ,  b as al t and o ther lava 

pebb le s pr e d o ainat a but 11any quartzUe and a t aw aran i U o  pebb l e s ar t al s o  pruent .  ll&ny 

" of '. the b asalt pebbl e s · ar e 'b adly we ather e.d and some ar e o o mpl e t e ly d e o ompo s e d ;  even tbe 

gran iti c  p ebb l e s  show we ath e r i n g .  \'he quar t z i t e  p e bblu , ar e unaf teo t e d  but s o me have partial 

c oat ings or s e c ondary iron oxid e .  The c ongl o merate give s  way upwar d to a massive brown silt 

whi ch c c·n t a i n s  rando m quar tzi t e  and b as a l t  p e b b l e s .  The 'baa altio p e bb l e s  i n  the sil t  ar e a s  

badly d e c o mp o s e d  a s  tho s e  i n  the underly ing conglomerate . Microscopic exam ination o r  t h e  

silt  $h o w·a. , a. vu2,aty o f  angular mi neral grai ns rang ing in III&Xi mum dimension from l e a a  than 

0 . 05  .b. to mor e .than 0 . 1 5 mm . Mine ral s p r e a ent include muscovi t e ,  bio tite , mi c ro c l ln e ,  

plagio o)a a e ,  quartz, aug i t e , hornblende, magnetite, tourmaline, garnet, apati te , and tr e mo lit a 

as w e l l . :a.a . s o ilie o th�r mineral parti c l e s .  fwo g e nera o r  di atoms and s e veral sponge spi cule s 

ware  not ed .  The p r e s enc e o r  p e bb l e s, d i at o m s ,  and spo nge a p i cu ;J. e a  ln t h e  s i l t  ind i o at a s i t a  

wat e r l alcf C:�igi n .  The a U t e x t e'n d s  upw ar d  t
.
o t h e . t o p  o r  ' the h i ll  t o  t h e  w e s t  along Canaan 

Road where i t pre sumab ly i s . mo r e  than 100 t e at t h i o k .  Simi l ar mas s i ve mottled light-brown 

silt i s  e x p o s e d  in o th e r  c u t s  f arther w e s t  al o ng Canaan Ro ad to a p o int a littl e beyond t h e  

Cana�n Scho ol. 

Anoth e r  s e c t ion of the Troutdal e f ormation, mad e  up or m i c a c e o u s  s and s to n e and si l ty 

,, a edl mentiJ tos'ethar with two grave l ly l ayer s , i s  expo s e d  in t h e  streall gully lass than & 

J ,  ctu�rt er �t 'a mi l e  due wast o f  th e Canaan Sch o o l .  fha g�avel ino iude s w a l l - rounded pebb l e s  

! 'ot qu�rtz'i i� ' and · .ci'e c ompo s e d  b a s al t .  'l'he s e diments grade upward into thi a l l  t expo se d in 
tha r oad out ab o v e  the gul ly .  We l l s  as d e e p  as 60 t e a t  o n  top or the rids• back o r  the 

Ca��a� ·:soh��l  w e n  b o ttome d in silt which c o nt a i n e d  p l ant r aaiatna and l og s �  !hua the total 

thiokne8a ' or  th e  Tr outdal e f o rmat i o n  n e ar the Canaan S ch o o l  i s  at h a s t  100 r ut. · 

l aiction o f  t h e  Tr o utd&.i e formation simllar t o  that n a t  o t  De er l alaad i s  expo s e d  north 

�r  T i d e  C r e ak in the hi l l  s l ope alo ng ''the · r o ad to Shi l oh B a s i n ,  ab out hal t a 111le wast . of  i t s  
� ' . . 

Junc tion  with the C o lumb i a  River Highway". The r e  the c ongl o m erate i s  s llshtly w eathend naar 

the c ont�c t w i t h  th e over ly ing mas s i ve c lay ay . l l lt. U�oro s o opic examinati o n  or the mas sive 

silt ah�w� it to b a  s l mUai- to that ' w e s 't  · o r D e e r  I s land and · at other lOo-aUtin . 

' · · si m i l ar '  a U t  h ours on the Wash ington si d e  in .a readout near the nor thern boundary 

of the qu adrai'l g l i  at an elevation o r  about 6 50 t e at .  El s ewh ere o n  the Washington side, 

w ithin t h e  quadrangl e ,  th e all t phas e 1 1  largely mi s s i ng, probably because o r  ero sion. 

A t ew rando m, w a ll-round ed !lllarhite , -pabb h a  ar e loatt e r ed tn . tUlcla iand•rl&ln by the 

•llt pha� l .  'th e s e p8bb l e 8 '
hAve b e e n  t o und ln plao e e ab edded in Silt Or tlne a i l t7 aand ln  

ro adcu t s  and ab an do n e.d r a:t l r o ad out s . A l o ng a b ranc h  o r  th e Ni o o lal Road near th� no rthern 

b oundary or  th e quadrangle and 1* au a a  wa s t  ot tha C o lumb i a  River in the SW:! s a o .  14 , T .  6 

N . , R .  2 w;·� numerou s · w a l l - r ounded ctuar h i t e ' p a b b l a s  ar e  s c att er e d through an unc o n s o lidated 

eil ty land e t o ne .  Suo h l a c k  o t  s or ti ng i s  not e a s i ly exp l aine d and the pebb l e s ,  whioh r anse 
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in s i z e f r o m  1 to 6 i nch es, are t o o  c o mm o n  to b e r eadily explai ned by rafting .  No glacial 

s t r i a e  w e r e  no t e d . The quar t z it e p e b b l e s  s c atter ed o ver t h e  surfac e at an e l evat i o n  of at 

l eas t 800  t e e t  ab o u t 1� miles n o r t hw e s t  or t h e  Sh i l o h Sch o o l  in s e c . 1, , T .  6 N . , R. 2 w. , 

are b e l i e ved to b e  r e s idual f r o m  t h e  T.routda l e .  One ro und e d and s o mewhat · we ath e r e d  gran i t i c  

pebb l e 6 i n c h e s in d iam e t e r w a s  r ound ab o ut lk mi l es . d u e  north o f the ab o ve s c ho o l  at an 

e l e vati on of appro x i mately 700 f e a t ,  t o o  high f o r  i t  t o  b e  a s s ign e d to t h e  gran i t ic erratic a ,  

mo s t  o f  whi c h  are unround e d ,  r e l a t i vely f r e sh , and l o cat e d  a t  e l evat i o n s  b el o w  4 o o  f e e t .  

Ho t z *  n o t e d  t h e  pre s enc e o f  q uart z i t e and b a s a l t  p e bb l e s a t  a n  e l evat i o n o f  ab out Boo f e e t  

n ear t h e  Spit z enb e rg f e rrugi n o u s  b aux i t e  d e po s i t . Round e d  p e bb l es have a lso b e e n  found o n  

the Washingto n s i d e o n  s o me o f  the spur s a� e l evat ions above 4 0 0  f e e t .  

Th e t o p o gra phy o f  the De e r  I s l an d = C anaan Schuo l a r e a ,  w h i c h  i s  qu i t e  c harac t e ri s t i c  

o f  th e Trout dal e terran e , i s  rather f lat and r o l l i ng w i t h a typ i c a l " sh o t " s o i l .  The 

" shot s 11 ar e smal l c o nc reti o n s mad e  up of s i l t  parti c l e s  c e m e n t e d  by t·ron o xi d e .  

Evi denc e o f  t h e  p ro b ab l e d e fo rmat i o n  o f  the Troutdal e f o r mat i o n  r e s t s  u p o n  a r e g i o nal 

p e r s pe c tiv� f o r  d i p s ,  i f  pres e n t ,  ar e e i t h e r l o c a l in s i gn i f i c an c e o r  t o o  l o w  to d e t ermine 

ac c u r a t e ly. Th e bas e of the  Tr outdal e f o rmati o n · rang e s  f r o m 200 to 300 f e e t ab o ve s ea l e vel 

i n  the Shi l o h  B a s i n t o  s ea l e v e l  n ear Wo o dl and , and a w e l l l o g  i n d i c a t e s that in  the Port-

land ar e a the base is  1000 f e e t below s ea l e ve l .  The gr e at e r part o f  thi s d i f f e r e n c e  o f  

el e vation i s  p r o b ab ly d u e  t o  gent l e  d e f o rmat i o n  during and si n c e  Tr outda l e  t i me , but s o m e  

o f  i t  m ay  b e  attri b u t e d  t o  o verl ap on th e s i d e s  o f  a f i l l ing b a s i n .  L i kewi s e ,  e l e vati o ns 

o t  the summi t s  o f  t h e  s i lt i nd i c at e  an eas twar d s l o p e  of 300 f e e t  i n 3 m i l e �  �hr o ugh Shi l o h  

Bas i n .  However,  t h e  Tr out da l e  su rfac e that ran g e s  fro m 4 o o  to  5 0 0  t eet along t h e  river t o  

Boo  f e e t  i n  e l e vat i o n  o n  e i th e r flank may b e  due in par t t o  t e rrac ing b y  t h e  C o l umb i a River 

dur i ng the l ow ering of b as e l eve l .  No rth and e ast of Wo o d l a n d  the Troutda l e  su rf ac e s  ab o ve 

4 0 0  feet have b e e n e x t en s ive ly weath e r e d  and s e em to c o r r e s p o n d t o .  a s i mi larly weath ered 

s u r f a c e in the vi c ini ty o f  Ma.yg e r  d e s c r i b e d  by Tr e a sh e r  ( 1 942 a. : l 5)• 'fh e  e x t e n s ive w e ath er� ng 

o f  the upper Tro u tdale sur f aces sugg e s t s  a l o ng s t i l l - stand o f  t h� s e a  dur i ng wh i c h  t im e  

c l i m a t i c  c ondi t i o n s ware favo rab l e f or t h e  d e c o mp o s i t i o n  o f  b a s a l t i c and o th e r  grave l s. Thi s  

w eathering o c curr e d  af t e r t h e  l a t a r i zat i o n  o f  the Mi o c ene b a s a lt s ,  a s  Tro u t d a l e san d s t o n e  

farth e r  e a s t  r e s t s  u n c o nf o r mab ly u p o n  t he l at e r i t e .  

Trout dal e s e d i ments in t h e  St . H e l e n s  q u a d r angl e w e r e  e vi d ently d e p o s i t e d  b y  the 

Co l umb i� Ri ver i n  a b road,  in part struc tural , va l l ey b e tw e e n  the C latskani e  d ivide o n  the 

w e s t  and the h i ghland of Gob l e  vo l canic r o o ks on the eas t . The s e d i ments may have b e e n 

deposi t e d  o ver  a c o n s i d erab l e  l ength o f  t i me ,  p ar t i c u larly if the s i l t  pha se t e ntat i ve ly 

a s s i gn e d to t h e  upp er part of the Tro u t dal e f o rmat i o n  should p r o ve to b e  a younger and 

d i s t i n c t  u n i t .  T h e  c o ar s e s e di me n t s  of  the low er p a r t  o f  t h e  b a s in may have b e e n d e po s it e d  

a s  warping o f  th e C o lumb ia River basal t se r i e s  b e ganp whe reas th e upp er part o f  the Trout• 

dal e m ay  have b e en d e p o si t e d  af t e r mo s t  o f  the fo l ding had b e en ac c o mpl i sh e d .  

*Ho t z ,  o p .  o i t .  
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Tpe ag e a;r , th e  'lr ou tda l e  f o r mati o n  has b e en d e t t rm i n e d  aa low e r  P l i o c e n e  by Chaney 

( U4.4) . 011 · the 
.
b a s h  o r  h i a  study o f' tl o.ra a  o o ll e o t e d  o n  Buc k C r e e k  and n e ar C amp C o l l i n a ,  

b o.th w i th i n  . the SandJ: River ·drainage • .  A s  no  mar ine .• pha a a  o r  e qu ival ent · o �  t h e  'lr o u tdale 

) l11·0I'm&ti o.zhis :·ltnMzt1 i t  1 a  d·i t r iou l t  ·to d et er mine i t s  · r e lati o n  to known mar ine f o rmati o n s . 

P o s si l  le av- e s  o c c ur in a gray · san dy shal e in the l ow e r  part ot t h e  Troutdale aaotion 

e�po.s,ed by · r.eee nt exoavat1 ons al o ng t h e  east s i de o r  17 .  s .  Highway � �  n o r t h  o r  Wo o di and , 

Wa shington. 'l'he l o c al i ty i s  a l i t t l e mo r e  than 2 mile a  n o r th o r  the town and 2 m1 l e a  n o r th 

of th e Junc tio n  o f  u . s .  �� and State H i ghway l S .  'l'he f o s s i l  h o r i z o n  i s  10 to 1 5  teet ab ove 

I."C!:&d le ve l . and is s trati graphi c a lly b e low the ma u i ve 1 nt e rb ed or vo l o ani o . b r e o o ia . 'l'hi 

f o s s i l s  are r e a tr 1oted · t o  a zo n e  2 o r  3 t e e t  thi c k . Dr . Ethe l I .  Sanb o r n  of Or e go n State · 

C o ll e se,, .  w h o  · stud ie d  the . l e ave·s , r ep o r t s * : 

n'l'he mo st a.bundan t l e av e s  in the c o l l e c t i o n  ar e two s p e c i e s  o r  Qu e r c u s ­
Q. p s eudo • lyrata L e squ e r eux and Q. wi n s tan l ey i C han ey . Other l e ave s a r e  
P l atanu s · pau'o i d entata Dort , Per s ea C' o a l 1nse ns 1 s  ( Do r t ) Ax e l r o d, and !!!.!!!!. 
o a l i t orni �e. . Le. s quer eux . Th e r e  i s  . a  ve�y: . go o d  ap·e c imen c t  a Juglan s w h i c h  
r u nb l u  .r.  o r i e ntaU s llac Gini t i e  a n d  may b e  thi s  s p e c i e s .  O t h e r  sp e c i ·  
m e n s  sugse st . l!p e c i e s . o t  C a rya , Carpinu s ,  Praxinu s ,  and !!!!!.• "  

Th e ac c o mpan;ring chart p r e p ar e d  b y  Dr . Sanb orn l i s t s  t h e  o c curr enc e s  o r  the s e  s p e c i e a  

and g e nera i n  o t h e r  f l o ras.  aa n o t e d  b y  C h aney (1944 : tab l e  33) . 

Tab l e  2 .  

. . . .  , ' Mi o c e n e  Tran s i t i o nal P l i o c e ne 

Low e r  Y .  Upp e r· JU o • P l i o c ene Lower .... 
. ' ;  :� ·:· . . "' 

Sp e c i e s  c o l l e c t e d  110 'tl . . 
Cl> . . ... ..c:: 110 • � . .  n o r th o t � 110 110 I "' Cl> 
0 � . Cl> • . .... "' ... Cl> 

Jfo:O d.l and , 110 ... ... 110 .... • � 0 � 
,Was h i ngto n .. • Cl> 0 0 Cl> 'PI • 0 

� ... � � 0 = .... .. • .. 
Cl> 0 0 .. .. 0 1 d 110 � . .. 
• 'PI . . s: . Cl> � 0 � Cl> 

' � .. 1:1. .. .. � .. . -.:�  0 ta ::r :s 0 .... 1:1 
u "' II .... ;; u • ... . ... D. .Q .. "' • 

.... ..c:: .... ... 110 • • 'tl 'tl 'tl 
Cl> .... C) "' .... .... � s:: Cl> � 1:1 .. � .... ·1111 
.... ., "' C) Cl> ::r Cl> Cl> 'PI .... Cl> • .... 0 :s 
110 .... ..c:: • ::r 0 � "' s .Q 1:1. ... ... > 0 . 
al 0 • 4· ... ... 0 • "' f; ... Ill .... � ' ' \ w ::11 ... lXI ... D. � c.: ... · w  Q ·  cC ... 

Que r c u s .  •:Lnstanl ey1 Chaney • • • • • • • • • •  . . . . . .. . . . . . . . . . . . . .. . . . .  X . . . . . . X z . . . X . . . 
a. p s eudo • lyrata L e a q u e r eux • • • • • • • • •  X X . . .  X X . . .. . . . . . . X . . . . . . X . . . . . · •  .. . . . .  

P l atanus pau c l dentata Dort • • • • • • • • • •  . . . . . . X . . . • 4· . . . . . . . . . . X . . . X . . . . . . . . . . . X 

P e r  s e a  c o a l 1 nge n a 1 s  . (Dart ) Ax e l ro d  • • X X X ' •  X . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . 
U l mu s  c a U f' o rn i c a  L e squ e r eux • • • • • • • •  . . . . . .  . . . . . . . . . . . . X X X X . . .  X X .  . . . X '!" • • 

Jug l an a 
\ <  , . _ , .. . .  , . . • • •  

• P · · · · • • • • • • • • • • • • • • • • • • • • • •  . . . . . . . . . . . . . . . . . . . . . . . 0 . . . 0 . . . . . . . . . . . • 

Cary a sp• : ; .. � ... .. � ... , . � • '  • • · ·· · · • ·· • • • • • • •  • • • . . . . . . . . . .  . . . . . . • • . . . • . . . • . . . ' . . . . . . . . . 

C ar p i n�s,  ap . · � ·· • • • • • • • • • • •
. 

• • • • • • • • • • • . . . . . . . . . . . . . . • . . . . . . . . . . .  . . . . . . . . . • . •; :• . .. 
Frax i nu s  S P • • • • • • • • • • • • • • • • • • • • • • • • •  . . . . . . . . . . . . . . . .. . . . . 0 . . .  . . . . . . . . . . . . • . . • 

Sal i x s p . • •. ·. •' '• • • • • • • • • • • • • • • • • . •  • • • • • • . . . . .. 0 • • •  . . 0 0 0 0 . . . 0 0 0 . . .  � 0 

·•Ge he ra: in loo dl.and fl o ra w h 1 o h  c ou l d  n o t  b e  i d e nt i f i e d  s p e c it i c a.l l;r ar e r e pr e s e nte d b. 
the f l o ra s  w h e r e  t h e  c i r c l e s  ( • ) ap p e a r . 

* 
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� en e  v o l c an i c  b r e c c ia 

As pr evi o u s ly no t e d ,  a ma s s ive indu r at e d  vo l c an i c  b r e c c ia 100 t o  1 2 5 f e e t  th i c k  i s  

i n t e rb e d d e d  w i t h  the Tr outdal e aand s  and grave l s  i n  t h e  n ew hi ghway o u t s  n o r th o f  Wo o d land, 

Wa shingto n ,  as i n d i c a t e d  on the ge o l o gi c  map ( in p o c k e t ) . I t  c on s i s t s  of angu l a r  fragment s 

of dark gray b a a a l t  i n  a tuffac e o u s  matr i x .  The fragme n t s  r a ng e  in s i z e  f r o m  a fracti o n  of 

an inch to ab o u t  a f o o t  w i t h  mo s t  of t h e m 6 inc h e s  or l e s s  i n  d i ame t e r .  They do no t  show 

any appr e c iab l e  e f f e c t s  o f  r ounding due to wat e r  trans p o r tati o n ,  and the ab s e n c e  o f  no n� 

vo l c an i c  ma t e r i al a l so i n d i cat e s  l ac k  of r ewo rking. Sour c e  and m e tho d of i mp l a c e m e nt of the 

b r e c c ia are n o t  kn ow n .  H ow e ve r ,  s i m i lar ma s s ive b r e c c i a s ,  s o m e  of whi c h  have b e en r e f e rr e d  

t o  as mud f l ow b r e c c i a s ,  o c cur i n t e r b e d d e d  w i t h  t h e  Troutdal•e f o r ma t i o n n e a r  E s t a c ada and 

in the Mo l a l l a  f o rmati o n* and F e r n  R i dg e  tuff s farther s out h .  As th e s e  b r e c c i a s  a r e  a s s o c i a t e d  

wi t h  f l uvi ati l e  d e po s i t s ,  i t  i s  though t  t hat t h ey r e pr e s en t  mu c h  o f  t h e  l o ad c arri e d  by the 

s t r eams at a t i m e  wh e n  a great amount o f  pyro c l a s t i c  ma t e r i a l  was b e ing e rupt e d  farther e a s t  

i n  t h e  C a s c ad e s .  Some c o ntain p i ec e s  o f  wo o d  and r ound e d  p e b b l e s  a n d  c o b b l e s ,  but o th e r s  c o n• 

tai n l i t t l e  or none and are s t r i k i ngly s i mi lar to that i n  t h e  St. He l e n s  quadrangl e .  P o s s i b ly 

th e vo l c an i c  b r e c c i a  i nt e rb e dd e d  w i t h  t h e  Tr outdal e fo rmat i o n  in the s t .  H e l en s quadrangl e was 

b r o ught down the·  Lewi s R i ve r  from the vi c i ni ty of Mt . S t ,  He l en a .  As many of th9 fragments 

in th e b r ec c ia c an be b r o k e n  away f ro m  the matr�x wi th t h e f i ng er e ,  the i ndurat i o n  of the ma s s  

i s  pr o b ab ly due large ly t o  c o mpac ti on and c e mentati o n ,  no t t o  we l d ing . The glas�y p o r t i o n  o f  

t h �  tuffac e o u s  mat r i x  o f  t h e  vo l c ani c b r e c c i a h a s  b e e n  a l t e r e d  to c lay . 

Exami nat i o n  of a t h i n  s e c t i o n  o f  o n e  of th e l a r g e r  f ragm ent s show s  that 
i t  is porphyr i t i c  b asal t  wi th a groundma s s  c harac t e r i z e d  by an int e r s e r tal 
t e xtur e .  fhe pheno c ry s t s  are p l agi e c la a e 1  hyper sthen e ,  augi t e ,  magn e t i t e ,  
and altered oU.Ylr&e whlo.b t..o ge th e r  c o n s t i tu t e  ab o u t  :35 p e r c ent of t h e  
r o c k .  Th e p l agi o c la s e  phe n o c ry st s ,  wh i c h  make u p  2 5  to :30 p e r c e nt o f  t h e  
s e c ti o n ,  a r e  b a s i c  labrador i t e ,  Ab:3An7, and show b o th al b i t e  and co mb i n e d  
Car l s bad-alb i t e  twi nning. S o m e  o f  t h e  large r ,  b e tt e r  f o r m e d  c ry s tal s show 
rath e r  w e l l -d e f i ne d  z o n i ng and ar e a l  muc h  as 3 mm l o ng .  They have c or r o d e d  
subhe dral t o  euhedral o u t l i n e s .  The aug i t e  a n d  hyp e r s thene pheno c ry s t s  e ac h  
c onsti tu t e  l e s s  than 5 p e r c ent o f  the r o o k  and mo st o f  the grai n s  ar e l e a s  
than l mm i n  l e ngth .  Th e out l i ne s  o f  the grai n s  o f  b o th mineral s ar e s o m e •  
what c o rr o d e d ,  wi th t h e  hyper s th e n e  t ending to b e  euhedral and aug i t e sub• 

he dra l . The hyp e r s th e n e  i s  s l i ght ly p l e o c h r o ic and may b e  n ear e n s t at i t e  i n  
c ompo st ti. o n .  Jlagne t i t e  a n d  apat i t e ( ? ) o c c ur as inc lu s i o n s  in part o f  t h e  
hype r 1 th e n e . A numb er o t  t he aug i t e  grai n• a h o w  tw inning. A l l  thr e e  o f  t h e  
abo ve pheno c ry st s  may b e  gro u p e d  e i t h e r  to ge ther o r  s e par a t e ly i nt o  c lu s t e r s  
s o  that the texture i l b o th g l o m er o p o rphyri ti o and c u mu l o phyr i o ,  Th e o l i vi n e  
phen o o ry a t a  o o n s t i tute about 2 p e r o e n t  o f  the s e c t i o n  a n d  t h ey a r e  as muc h a s  

0 . 2 5  m m  l o ng. f h e  o l i vi n e  ba a b e e n  a l t e r e d  to magne t i t e  and s erpent i n e , b oth 
antigo r i t e  and c hrya o t i l e 1  and the grai ns have c o rro d e d  euh e dral t o  anhedral 
o u t l i ne s .  A l though magne t i t e  o c cu r s  ln the fi r s t  gen e r a t i o n  o f  minera l s  o nly 
a s  inc lu s i o n s  i n  s o m e  o f  the p h e n o c ryst s ,  i t  
mo r e  o f  t h e  gro undmaa s .  The gra in s  a r e  about 
t o  anhedral out l ine a .  The p l agi o c l a s e i n  t h e  
i n  t h e  f orm o f  laths abo ut 0 . 2  mm l o ng .  They 

mak e s up ab out 5 p e rc e n t  or e ven 
0 . 025� mm 1 n  1 i z e  and have e u h e dral 
groundma a a  1• labrado rite , Ab4An6 , 

c o nstitute ab out 1 5  p erc ent o f  the 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - �  

* 
Harp e r ,  H . E. ,  P r i l iml n&ry r e po rt on the g e o l o gy 6 f ' tM e ' U6 l al ia quadran g l e ,  Ore g o n ,  
Ma s t e r  1 s th e a l a ,  Or ego n Stat e C o l l e ge ,  Augu s t  1 246 . 
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r o o k. Subhedral grai n• of  aug ite about 0 . 0 5 m m  i n  e i z e  o one titute a eomewhat 
emal l e r  perc entage whi c h  together w i th the brown and c l ear gl a1 1 of the matr ix 
make•  up the r emaining 45 percent� 
The baeal t i c  fragment e e c t i o ned i 1  very eiai lar p e t r o graph i c a lly to a a i milar ly ehap e d 

but l ighter  gray baealtio  f ragme nt o o l l e o t e d  f r o m  the Bor ing agglo merate ( Treaaher,  1 742 ) o n  

the  north l l d e  o f  the C laokamae R i :ve r  ab out half a m i l e  east  o t  Eatao ada i n  aeo . 2 8 ,  T .  :J s . , 
R .  4 E. They pro bab ly are o f  the eam e  age 1  a• the Bor i ng agglo me rate i e  also  interb edded with 

the Troutdal e f o rmat i o n .  Strat i gr ap h i o al ly the vo lcanic b r e c c i a  in the St. H e l ena quadrangl e 

o c c upi e s  a p o e i t i o n  analogoue to the pyroc l astic rooks  o f  th e Dal l e e  and the Rho do d e ndr o n  

f o r mations which Ho dge ( 1738J etate a are c o ntempo raneoua  wi th par t o f t he T r o u tdal e formation.  
As th e  vo l c an i c  br ecc ia i a  a l e nt icular int e r b e d  in the  Troutdal e f o rmati on, it fal l •  

within t h e  eame age a s sisnment . The b r ec c ia i a  underlain by at l east 2 5  f e e t  o r  sandetone 

· w h i c h  inc lud e •  the  l e at •b e aring eandy shale pr eviously deeorib ed .  The s e  ae�imentl may b e  

near the baae o f  th e Troutdal e aeotion,  as t h e  Troutdal e a l i ttl e  farther north a long the 

highway l i e s  d i r e c tly on baealte of the Gob l e  vo l cani c  eeri e a .  

Terrac e a 

A a e r i e •  o f  P l e i etoo ene t errac e •  ranging in al titud e f rom  near e e a  l ev e l  to nearly 

2 5 0  t e et ar e pr t s ent alo ng the C o lumb ia River in the  St.  Hel ene  quadrangl e .  I n  the low . 

ro l l i ng hi l l s  ao uth o r  St. Hel ene the terrac e d e po e t t •  ar e mo r e  than 2 mi l e a  w i d e . 

The t errac e •  are treated aa a uni t  b ec au s e t h ey a pp ear to repr e s ent a mor e or l e e e  o on-

tinuoua t i l l ing to an e l e vati on o f  appr oximat e ly 300 f e e t ,  f o l l ow e d  by r e c e e e i o nal .a tanda o t  

river l e v e l  ac c o mpany ing eea  level  c hans e s .  Litho l ogi c simi l ar i ty in  c o l o r  and c ompo si ti on .� 

sene ral l ack o r  w eath e r i nt aai induration i nd i c at e  that the mater ial in the entire s e r i a l  

i s  e s s enti ally t h e  same ase .  Surf lo ial mater ial o n  the . terrac e •  was no doubt r eworked dur ing 

t errac e outtlng. At - St .  He l ene the baaalt hal b e en b eve l e d to f orm a p r o m i n e nt rock b ench 

ab out 100 teet  in e l evatio n . The broad t e rrac e b etween co lumb i a  C i ty and Deer I a l and i a  

a o a ewhat l owe r and i a  und erl ain by srave l .  

Mat e r i al i n  t he bish e r  terrac e •  i l  o oapoa e d  pr edo minantly o r  sand with so ae sritty 

l en se s .  The material i n  the lower t errao ea,  euch a s  that expo s e d  i n  the pit at Scappoo ee 
at an e l e vati o n o f  abo ut 50 t e e t ,  i s  grave l  ift a aandy matrix.  The e i ze or mater ial in the  

p i t  ranse s tro m land to b o u l d e r s  li t e e t  in diameter but  mo a t  o t  the mat er ial talls  w ithin 

the pebb l e � e i z e  group. the larger cobbl e s  and b oulders tend to be angu lar , and aany o t  thea 

are Boring•type l ava with o n ly s l ightly rounde d c o rners . We l � · round e d  pebb l e a  ot quartzite,  

grani t e ,  and baaalt ar e al so pre s ent in the  p i t  whi ch i l  ne arly 50 t e e t  deep.  As th e trout• 

dal e fo rmat io n c ontain• large quantit i e e  o r  quartzite  p ebb le a , i t  is r e a s onab l e  to b e l i e v e  

that s o m e  o r  them found th e i r way into the younger  terrac e • .  

The e e  s�ave l e  are simi lar i n  c o mp o si tio n  a n d  a p p earan c e  t o  the  Por tland t errac e  grave l •  

( Tr eash er1  1 742 ) o r  Pleisto c ene ase which are s ometi me s  r e f e rre d to  a s  the Por t land de lta. 
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The P o r t l and terrac e=gravel  d e p o s i t a  s h o w  e r o s i o na l  leve l s  c o r r e s p o nd i n g  to tho s e  i n  t h e  

St . H e l en s -quadrangl e a n d  wer e .  a l s o  f o r m e d  du r i n g  p au s e s  i n  the d o wn c u t t i ng b y  t h e  r i ve r .  

S e d i m e n t s o f  thi s a g e  are ma p p e d  a l o ng Me r r i l l  and Ti d e  c r e e k s ,  an d  a r e  a l s o  b e l i eve d  

t o  o c cur. al ong lli lton  C r e e k  aear Y an k t o n  but w e r e  n o t  d i f f e r e n t i at e d  i n  t h i s ar ea f r o m  b eds 

as s igned t o  the Tro utdale . 

Glac i a l  errat i c &  

Errat i c &  ar e c o mm o n  o n  s o m e  o f  t h e  s pu r s  and f l a t s  on t h e  O r e g o n s i d e  o f  t h e  C o lumb i a 

River at e l e vat i o n s  b e tw e e n  200 and 400 f e e t .  A f ew have b e e n  found b e l ow 200  t e e t but t h ey 

may have b e e n  · •oved f r o m  t h e i r  o r i g i n a l  p l ac e  o f  d e p o s i t i o n .  A l t h o ugh r o un d e d  quar t z i t e  

pebb l e s  have b e e n  f o und a s h i gh as 1 100 f e e t , o n ly t h e  f o r e ign p e b b l e s a s s o c i a t e d  w i t h  t h e  

large i r r e gu l arly s hap e d  grani t i c  e r rati c &  ar e c o n s id e r e d  i n  t h i s  d i s c u s s i o n .  I t  has b e e n 

a s sume d that t h e  wel l �round e d  quar t z i t e  p e b b l e s  a r e  a pha s e  o f  t h e  T r o u t dal e f o r mat i o n ,  

u n l e s s  th ey o c cur i n  a " n e s t "  o f  e r r at i c s , a r e  angu l ar ,  ar e l a r g e r  t han m o s t  o f  t h e  r e s i dual 

Tr o u t da l e  p e b b l e s ,  or have g l ac i a l  s t r i a e . 

N e ar ly a l l  o f  t h e  e rrati c &  ar e angu l ar o r  i r r e gu l a r  i n  shap e ,  p o o r ly r ou n d e d ,  and m o r e 

than 6 i n c h e s  in di ame t e r . S o m e  a r e  a s muc h  as 2i by :3 f e e t in s i z e  and at l e a s t  o n e  i s  

known t o  have b e e n  very mu c h lar g e r .  They ar e pr e do m i nan t ly o f  gr an i t i c  c o mp o s i t i o n ,  a l though 

some gne i s s ,  quar t z i
_
t e ,  s late ,  an d  l i my  m e tas e d i m e n t ,  a s  w a l l  a s  a p i e c e  of ve i n  quar t z  w i th 

manga.ne u  ( ? )  o x i d e  w e r e  feund . Ko s t o f  t h e  gr an i t i c  b o u l d e r s  ar e a h o r nb l e n d i c  var i e ty ,  b u t  

o n e  w i th o u t  h o rnb l en d e  was s e a n .  N ear ly al l  a r e  f r e s h ,  s h o w i ng l i t t l e  w e at h e r ing. 

O n e  par t i c u l a r ly large "ne s t" of errati c &  is l o c a t e d  on top of th e s pur J u s t  w e s t  o f  

th e  O e s t e r  p l a c e i n  s a o , 26,  T .  4 H . , R .  2 1 . , a t  a n  e l e va t i o n  o f  :3 7 5  f e e t ,  ab ou t :3 mi l e s  

northw e s t  o f  Sc appo o s e . Uo.ny o f  t h e m  ar e 
·2 to J f e e t  in d i am e t er .  

R e mai n s  o f  a v e ry l arge gran i t i c b o u l d e r ,  w h i c h  o r i gi na l ly may have b e e n  1 0  f e e t  o r  m o r e  

i n  d i am e t e r ,  o c cur at a n  e l e va t i o n  e f  J2 5 f e e t  o n  t h e  n o r th e nd o f  a l o w  h i l l  s outh a f  Ti d e  

Creak  and n o r th o f  C anaan Road ab e u t  2 mi l e s  w e s t  o f  t h e  t ow n  e f  D e e r  I s land . The b o u l d e r  had 

b e en b la s t e d  and par t of it r e m o ve d .  Nume r o u s  o th e r  e r r at i o s i n  t h i s  vi c i n i ty i nc l u d e  b o th 

glac i al ly s t r i a t e d  s l ab s  o r  s la t e  and quar t z i t e  p e b b l e s .  · 4no t h e r  c l u s t e r  o f  20 large gran i t i c  

b ou l d e r s  ab out a f o o t  o r  m o r e  in d i ame t e r ,  a n d  a f ew a s s o c iat ed r o u n d e d  quar t z i t e  c o b b l e s  and 

b o u l d e r s  w e r e  f o und ab o u t  1 m i l e  n o r th e a s t  of t h e gran i t i c  b o u l d e r  and 2 mi l e s  n o r t hw e s t  o f  

D e e r  I s l and o n  top  o f  a r i d g e  w h i c h  i s  nearly 4 0 0  f e e t  ab o ve s e a l eve l . A l l  t h e  b o u l d e r s  men­

t i o n e d  in the ab o ve thr e e  o c c urr e nc e s  r e s t  u p o n t h e  l i l t  pha• e of t h e  Trout d a l e f o rmat i o n .  

The s e  e r r at i c s a r e  b e l i e v e d' t o  have b e e n tran s p o r t e d  in  i c eb ergs f l o at i n g .  d o w n  t h e  

C o l u mb i a  R i ve r  dur ing the P l e i s t o c e ne .  An e x t e n s i v e  s tu d1 o f  the e rrat i c • p r o b l em ha s b e e n  

mad e  b y  Al l l ao n  ( 1 ,:35 ) • 

R e c ent a 1 luviu11 

Eas t  of u . s .  H ighw&¥ 30 an a r e a  or s l ough s and swamp s s e p arat ing smal l ·  i s l and • b o r d e r s  the 

C o l umb i a  Rive r .  T h e  su rfac e i s  o nly a f ew f e e t  abo ve nor mal wat e r  l e ve l and i •  c o mp o s e d  o f  P 1 l t ,  

• an d ,  an d grave l .  South o t  St . H e l e n s  a wi de a t r i p  o f  t h i s  f l o o d  p l a i n  i s  g o o d  farm land ; t h e  

s ame surfac e ha l a l s o  p r o ve d o f  agr i c u l tural val u e  o n  D e e r  I s lan d .  
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Summary o r  Struc tural Ge o l o gy 

' 
A de f i ni t e s t r u c tural pat t e r n  i s  d i f f i c u l t  to ob t a i n  f r o m  the r o o k  e x p o sur e s  wi thin 

the St , He l e n s quadrangl e . 'l'he Gob l e vo l o ani o . ; s e r i u o f  u p p e r  Eo c e ne age o c cur i n  the 

northeastern part o f  the quadrangl e , and the younge s t  Ol i go c e ne o r  l ow e r  Mi o c e n e  s e d iments 

o c cur mai nly l n  th e s outheastern part ; both are o ver l ain by t h e  Mi oc e ne C olu mb ia R iv e r  

basal t e i ther w ithin e r  a short  di stan c e  out s i d e  the quadrangl e b oundar i e s . 'l'he ge e graphic  

d i s t r ibu t ic n  of t h e  pr e - Columb i a  R i ver b a s al t fo rmati ons sugge s t s  a rath e r  s i mpl i f i e d  

struc tural pattern w h i c h  wo ul d  indicate that t h ey have a r e gi ona l  d i p  t o  the southw e s t ,  

but t h i s  i s n o t  w holly born e o u t  by  t h e  r ec o r d e d str i ke s  and d l p s  o r  th e strata . 

'l'he Gob l e  vo l c anic flow s  and pyr o c las t i c s  dip g e n t ly ,  in mo st  p lac e s  l e s s  than 1 2 ° 1  

t o  th e _ s outh or  southwest  exc ep t t o r  a r e ve r s al a long u . s.  Hi ghway 99  a s h o r t di stan c e  

north o r  Wo o d l and, Wa shing ton , a nd anot h er al o ng u . s .  Highw&7 3 0  .ab ou t � m i l e s n o r t h  o f  

t h e  t own o t  De er  I sl and . 'l'he i rregu lar c o ntact e f  the Gob l e  s e r i e s  w ith th e o ve r ly i ng 

Ol igo c en e s e d i m en t s ,  and t he pr e s e n c e - i n  p la c e s  or c ongl o m e rat e at o r  n e ar t h e  b as e o f  

t h e  O l i go c e n e  p o i n t  t o  a d e f i n i t e  e r o s i o nal b r e ak .  How e ve r , a lo n g  'l' i d e  C r e e k  a t  t h e  f o s s i l  

loc al i ty o n  the A .  Ann l ok er p l ac e  { P 1• 1 3 , t l g .  6 , o ppo si te p .  1 5 )  t h e  appar e n t ly s t e e p  c o n• 

tac t b e twe en t h e  s ed i m e nts and under ly ing vo l c an i c  r o o k s  may b e  the r e s u l t' o r  f au l t ing . 

B e c au s e  th e c o ntac t b etwe e n the Oligo c ene s e diments and Gob l e  vo l canic r o c ks i s  po o r ly 

expo s e d  an d b e c au s e  the r e  i s  no go o d  e vi d enc e w h i c h  po int s to an angu lar unc o nf o r mi ty , t h o  

only c o nc l us i o n war r an t e d  a t  thi s t i m e  i s  t hat t h e  b r eak i s  e r o s i o na l . 

The r e  i s  l i tt l e or no evid enc e in th e  St . He l en s qu adrang l e  o f  a s i gnif i c an t e ro s ional 

br e ak w i t h i n  t h e  s e r i e s  of O l i go c en e  s edi ment s ,  a l th ough Warren  and Norbis rath ( 1 946 ) state 
that the Sc appoo s e  f o rmati o n  s e e m s  to r e s t  d i s c o nfo rmab ly e n  the P i tt sb urg B lu f f  f o r mat i o n  

and i s  s e parat e d  f r o m  i t  b y  a c o ng l o m erat e o t  var iab l e  thic kne s s .  Co ngl o merat i c l e n s e s  e x ­

po s ed ln rai lroad cuts about 2 mi l e s w e s t  o r  t he Chapman Sch o o l  and a cut•and•f i l l s truc tur e 

expo s e d  in the highway cut n earby poi nt to mi nor b r e ak s  in dep o si t ion n e ar th e s hor e l ine . 

A maJor unc on f o r mity oc cur s b e tw e e n  the Ol igoc e n e  strata and the ove r ly i ng Co lumbia 

River basalt.  'l'he b a sal t l i e s  on an er o si onal surfac e o r  mod erat e r e l i ef which  trunc a t e s  

format i o ns ro.nging i n  a g e  f r o m  upper Eo c en e  t o  uppermo st O l ig o c ene  o r  po s sibl7  l owJr 

Mi o c en e .  'l'he r e tor e a p e r l o d  o f  f o ld ing and a great amo unt o r  e r o s i o n  pr e c eded  the  o ut• 

pour ing o f  the Ml oc en a  basalt.  Judging from  th e f ew r e l iab le att i tudes , s tr u c tu r a s w i th i n  

the O l ig o c en e  s ed i m e nt s  c ons i s t  o r  gent l e  f o l d s .  Only two d i p s  are as much as  2 5 ° ; a l l  

o ther  d i p s  are  l e s s  than 17• ; and mo s t ar e  le a s than 1 1 • . S o me o r  t h e  s t e e p e r  di p s  may 

b e du e to fau l ti n g .  A n  i nsu f f i c i en t  numb e r  o f  r e l iable attitudes  ware ob t a i n e d  t o  indi oat e  

a dat lni t e  stru c tural pattern·. 



Summary o f  Structural Geo l o gy  

The s truc tu r e  o f  t h e Columbia Riv e r  basalt has b e en i nt er p r e t e d  f r o m  the t o pographic 

di s tr i b u t i o n  of l ater i te on t he uppe r surfac e o f  the ba sal t and i n  a f ew p l ac e s  from the 

att i tude s  o f  l imoni te i nt e r b e d s . Al though the b asal surf ac e of the basalt is not uni form,  

additio nal struc tural data may be  o b tai n e d  by pl o tti ng t h e  e l e vat i o na o f the b as e  o f  the 

b a sal t o n  a b r oad s c al e .  Th e  b a s e  o f  the basalt  along t he w e s t e rn edge, as shown o n  the 

ac c o mpany i ng ge o l og i c  map , l i e s  b e tw e en 1 , 000 and 1 , 400 feet i n  e l e va t i o n  f r o m  wh i ch it 

s l o pe s e a s twar d  t o  sea l e v e l . I n  the no rthern part of the quadrangle, n o r thw e st of the  

town o f  St .  He l e n s , the  C o lumb i a  River b a s a l t  has  a south e r ly dip,  indic a ting t hat a s o uth• 

ea s t - plunging sync l inal ax i s  run s through Yankto n .  The C o lumb ia River b a s al t in t he s outh· 

w e s t e rn part  of the quadrangl e l i e s  on th e n o r theastern l i mb of a b r o ad an ti c l in e who s e  

o ppo si t e  s outhwe s t e r n  limb di ps b e neath t h e  b r o ad Tual ati n Val l ey . 

The pr e s e nc e o f  fau l t s  i n  t h e C o lumb i a  R i v e r  basalt i s  sugg e s t e d  by t h e  s trai ghtn e s s  

o f  s o me s t r e ams such a s  No rth Scapp o o s e  C r e e k ,  b y  marked differences i n  t h e  a l t i tudes o t  

adJac ent de posi t s , and by d i f f e r ential al ti tude s o f  t he b a s e  o f  th e basal t .  The last  may 

b e  due l arge ly to p r e g b a s a l t  r e l i ef .  The unu sual ly s t e e p  d i ps i n  t h e  Ol i go c en e  sandstone  

near the suppo s e d Nor th S c appo o s e  Creek fau l t  at Spit zenb e rg t end to sub s tantiate i t s  

pr e s en c e ,  and t h e  al ignment o f  A lde r  C r e e k  sugge s t s  a co nt i nuati o n  o f  thi s fault to  the 

northw e s t .  As conclusive evidence o f  f au l t i ng was not obtai n ed, no fau l t s  are s hown o n  

t h e  g e o l og ic map , a n d  o n ly a f ew ar e sugge s t ed i n  c ro s s- s e c t i o n .  Mo s t  o f  the evidence 

sugge s t i ng o ther fau l t s  i s  phy s i ographi c .  Larg e - s cal e s l ump i ng o f  b l o cks al ong the r i m  

o f  the  Shi l o h  B a s i n  and b e tw e e n  C o lumb i a  C i ty and Deer I sland i s  i nd�cated b y  the s t e p •  

l ike c harac t e r  o f  t h e  sur f ace o f  t he basal t .  

Al t h o ugh t he Troutdal e f o r mat i o n  has b e e n  r e g i o nal ly warped, i t  has no t b e en d e f ormed 

nearly as muc h  as the  C o lumb ia River basal t. One minor r e ve r s e  fau l t  is  shown in the 

Tr outdal e s e c t i o n north of Wo o d land , Washingt on.  Th e P l e i s t o c ene  and mo r e  re cent depo s i t s  

app e ar t o  b e  und e f o rme d .  



Ge o l o gy o f  t h e  S t ,  H e l e n s  Quadr angl e 

Ge o l o g i c H i s t o ry 

Th e f ir s t ge o l og i e e ve n t  kn own to have t ak e n  p l ac e i n  t h e a r ea o f  th e St , H e l e ns 

quadrangl e was t h e  e x t ru s i o n  i n  l a t e  E o c e ne ( C o wl i t z ) t i m e  o f  a suc c e s s i o n o f  b a s al t i c 

l avas and a s s o c i at e d  py r o c l a s t i c  r o c k s  h e r e i n  t e r m e d  the Gob l e  vo l c anic  s e r i e s ,  A 

s h o r t  d i s tanc e to th e  north the  f i r s t  erupti o n s  gave r i s e  to pyr o c l a s t i c  ma t e r i al s  wh i c h  

w e r e  i n c o r p o r at e d  wi t h C owl itz  mar i n e  s e d i m e nt s , S o m e  o f  t h e  e ar l i er f l ow s appare n t ly 

pour e d  out i nto t h e  C o w l i t z  s e a ,  as th ey ar e  c o ve r e d  by s and s to n e s s i m i l ar to C o wl i t z  

s and s to n e s l o w e r  i n  t h e  s e c t i o n ,  Th e e ru p t i o n s  ar e b e l i eve d t o  have fo r c e d  the  Cowl i t z  

s ea b a c k  t o  the w e s t ,  They c o ntinu e d ,  po s s i b ly into K e a s ey ( l at e Eo c e ne o r  e ar ly Oligo� 

c en e }  t i m e , unt i l t h e  lava s  and f r agm en t a l  r o c k s  had r e ac h e d an aggre gat e t h i ckne s s  o f  

5000 f e e t o r  mo r a ,  

A p e r i o d o f  e r o s i o n ,  p r o b ab ly ac c e l e r a t e d  b y  t h e  r e t r e at o f  the u pp e r Eo c en e  s ea , 

f o l l ow e d  th e  Gob l e  v o l cani c ac t i vi ty ,  T h e  s e di m e n t s d e po s i t e d  l at e r  in t h � Ol i g o c e n e  s e a ,  

whi ch c o ve r e d  muc h  of t h e St o H e l e ns qu adran g l e  ar e a ,  w e r e  mai n l y  t u f fac e ou s sand s d e rive d 

i n  part f r o m  t h e  e r o s i o n  o f  the u p p e r  Eo c en e  vo l c an i c  mas s , Th e O l i g o c en e s ea pe r s i st e d 

f rom e ar ly O l igo c e n e ( Gri e s Ranch ( ? )  s tage ) to l a t e  O l i g o c e n e o r  e ar l y  Mi o c e n e  ( Scappo ose ) 

t i me , Howeve r ,  th e s e a may ha ve retreated  t e mporarily p r i o r  to t h e  d ep o s i ti o n o f  the 

Sc app o o s e  s e d i m e n t s .  Th e sh o r e l i n e  o f  t h e  s e a  l ay i n  o r  n e ar the S t .  H e l e n s  a r e a  dur i ng 

muc h  o f  t h e  O l i go c e n e  a s s h ow n by t h e  l i tho l o gi c  character and d e p o s i t i o na l  stru c turu o f  

s om e o f  the s e d i men t s  a n d  a l s o  b y  t h e  p r e s e n c e  i n  p la c e s  o f  f o s s i l  le ave s a n d  c oal b e d s ,  

Acc ompanying o r  f o l l ow i ng t h e  � e tr e at o f  t h e  O l i go c ene  s e a  t h e  O l i go c ene s e d iments 

and Gob l e  vo l c anic r o c k s  w a r e  f o l d e d  and & r o d e d  t o  f o r m e ve ntua l ly a l ow-lying ar e a  o f  

rounde d h i l l s  w i th r ath e r  w i d e  i nt e r ve n i n g  val l ey s ,  Some o f  the s tr eam grave l s  b e i ng 

de r ive d l a rg e ly fro m t h e  e r o si o n o f  t h e  Gob l e  vo l c anic r o c k s  i n  t h e  n o r t h e a s t e r n  par t o f  

t h e area w a r e  b u r i e d  b y  the f i r s t  flows o f  C o l umb i a  R i v e r  b a sal t i n mi ddle  U1 o c ene t i me . 
Erupt i o n s o f  the se lava s  c o n t inu e d unt i l  mu c h  o r  a l l  o f  t h e  O l i go c •n• t er r a n e  an d par t 

o f  th e Gob l e  vo l c a n i c  t e rr a n e  had b e a n b ur i e d , In p l a c e s t h e s e  lavas , whi c h  c a me up al o ng 

f i s sur e s  who s e  l o c a t i o n  is now i n d i c at e d  by di ke s , a c c u mu l a t e d  to a thi c k n e s s o f  700 o r  

mo r e  f e e t ,  How e ve r ,  i n  a f ew p l ac e s  i n  t h e  S t .  H e l e n s  quadrangl e sma l l  h i l l s  o f  O l i go c ene 

s e di me n t s  may ha ve s t o o d � i ght ly ab o ve the l ava f i e l d ,  The erupti o n  o f  the s e  l avas was 

i n t e r m i t t ent and ,  du r i ng a t  l e as t one ma J o r i n t e rrup t i o n ,  i ro n d er i ve d  f r o m  the w e ath eri ng 

o f  the basalt was  d e p o s i t ed in th e f o r m  o f l i mo n i t e  in b o g s and swamp s .  Fine  tuffac eou s 

s e di me nt s  w e r e  w a s h e d  in on t o p  o f  s o m e  o f  the l i mo n i t e  d e p o s i t s  b e f o r e  t h e  l a va e r up t i o n s  

w e r e  r e sume d ,  At l e a s t  t h r e e  Mi o c e n e  b a sal t f l ow s  ar e b e l i e ve d  t o  have b e e n p o ur e d  ou t o v e r  

s o me o f  th e l i m o n i t e  d e p o s it s ,  
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Fo l l o wing the c l o s e  o f  t h e s e  eru pt i o n s ,  a long p e r i o d  o f  w e ath e r ing p r o du c e d  a 

r e lat i ve ly uni f o rm b l ank e t  o f  l at e r i t e  on t h e  C o l umb ia River b a s a l t  l ava- p l ai n w hi l e  

it  s t o o d  n e ar s e a  l e ve l . Er o s i o n, in i ti a t e d pr obab ly by upl i f t ac c o mpanying g e nt l e 

fo ld ing, ac t i ve ly di s s e c t e d  thi s b l an k e t  o f  lat e r i t e and t h e  u nd e r ly i ng r o c k s  pr i o r t o  

th e ir b ur i a l  by P l i o c e n e  Tr out dal e s an d s  a n d  gr ave l s de po s i t e d by th e Co lumbia River . 

Th e s e  sands and grave l s w a r e  d e p o s i t e d i n  e ro s i o nal and s tru c tural d e p r e s s i o n s  in t h e  

s t . H e l e n s area w hi l e  vo l c a ni c  b r e c c ia was b e i ng e rupt e d  far t h e r  e a s t  i n  t h e  Cas cade s .  

I n  l at e r P l i o c e ne ti me s i l t  tentati ve ly a s s i gn e d  t o  the u p p e r  part o f  the Troutdal e 

f o rma t i o n was d ep o s i t e d o ve r  muc h  o f  t h e  S t .  H e l e n s  quadra ngl e , as  w e l l  a s ' o ve r  l arge 

ad J ac e nt ar e a s , p r o b ab l y  as th e r e su l t  o f  a r i s e  in s e a  l e ve l .  

Ano t h e r  p e r i o d  o f  w e a t h e r i ng ,  wh i c h  may have b egun s o o n  af t e r  t h e  d e p o si t i o n  o f  the 

Trout dal e  s e d i men t s ,  a l t e r e d  s o me o f  t h e  r o o ks n ear the surfac e t o  c l ay . Sub s e qu e nt . 

e r o si o n  ini t i at e d by r e g i o na l  war p ing o r up l i f t has ac t ive ly d i s s e c t e d  t h e  r o o ks i n t h e  

St . H e l e n s  qua drangl e . H o w e ve r ,  dur i ng the P l e i sto c en e , downc u t t i ng by th e C o lumb ia 

River wa s i n terrup t e d  by a r i s e i n  s ea l e ve l ,  pro b ab ly e u s tati c ,  and s ands and grave l s  

w e r e d e p o s i t e d a l o ng t h e  C o lumb i a R i ve r  and t r i b u tar i e s  u p  t o  an e l e va t i o n  o f  appro x ­

imat e ly JOO f e et ab o ve pr e s ent s ea l e v e l  i n  t h e  St . H e l en s a r e a . As the wat e r r e c e de d  

s e ve ral t e r r a c e s  w a r e  out i n  t h e  P l e i sto c e n e f i l l . A l s o  dur i ng the P l e i s t o c e n e  l e e ­

raf te d e r r at i c a  w a r e  d i s tr i b u t e d  t hr oughout th e l o w e r  C o l umb i a  R i ve r  and Wi l l am e t t e  

R i v e r  va l l ey s up t o  an e l e vat i o n  o f  ab out 40 0  f e e t .  

35 
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F e r ruginous b au x i t e d e p o s i t s  o c c ur at many p l ac e s  w i t h i n  the  St . H e l en s quadrangl e as 

i nd ic at e d o n th e g e o l o gi c 11ap . Th e ir o c cu r r enc e and e c onoai o s  have b e en d i s c u s s e d  by Libb ey , 

Lowry , and Mason ( 1 9�� . 1 9� 5 )  and th e i r s t rat i graph i c o c c u r r e n c e  at the top  o f  the  C o l uab ia 

R i ve r  b a s a U  s e c t i o n  l s  r e vi ew e d on page s 2 2 .aDII 23 fl th l a bu l l e t i n .  A t ew o f  t h e s e depo s i t s  

in  t h e  s t .  H e l ens quadrangl e have b e e n  dr i l l e d  b y  the u . s .  Bu re au o f  Mi ne s  and a numb e r o t  

the m b y  A l c o a  Mi ni ng C o apany . The d e po s i t a  dri l l ed by th e Bur eau of Mine s in the Yankto n 

ar e a , al ong C at e r  R o a d  b e twe e n Yank t o n  and Spi t z enb e rg ,  and o n  t h e r i dge no r t he ast o f  A l d e r  

C r e e k  were  e s t i mat e d b y  B e l l
* to c ontain 8 4 7 1 000 lo ng tons ( dry bas i s ) ,  the  gr e ate r  par t 

ot wh i c h  i s inf e r r e d .  f h e  average c o mpo s i t i o n o f  the o r e  as given by B e l l  i s  appr o x imat e ly 

31 p e rc e nt alumina ( A12 0 3 ) 1 2 1  p e r c ent i r o n  ( Pe ) , 5 pe rc en t ti tania ( Ti 02 ) and 1 1 . 5  perc ent 

si l i ca ( Si o2 } .  To nnage e s t ima t e s  of two s i m i l ar f e r rugin ou s b au x i t e  depo s i t s  i n  Wa s h i n gt o n  

C o unty d r i l l e d  by t h e O r e go n D e p ar tm ent o f  Ge o l o gy and Mineral I n du s tri e s  ( Li b b ey , Lowry, 

and Ma s o n ,  1,� 5 )  e x c e e d  a to tal of 5 mi l l i o n  l o ng tons . Occurr enc e s  in  C o lumb i a  C ounty 

i ndi c at e  that r e s e r v e s ar e c omparab l e  to th o s e  in Wash ingto n C ounty and ar e in t h e  o r d e r  o r  

many mi l l i o n s  o f  t o n s . A n  ar i th m e t i c al ave r age o f  c hann e l  s am pl e s taken by the Or e g o n  

D e p ar t ment f r o m  a f ew o r t h e  d e po s i t s i s  ab out 38 pe r c e nt al umina, 21  p er c ent iron,  5 pe r •  
o ent t i tani a ,  and , p e r c ent s i l i ca .  

A l c o a  r e p o r t e d  i n  the  pr e s s  in January, 1,� 6 ,  that encouraging r e su l t s  w e r e  b e i ng o b -

tai n e d  w i t h  t h e  P e d e r s e n  pr o c e s s  at a p i l o t  plant i n  Eas t  S t .  Lou i s ,  I l l ino i s ,  wh e r e t e a t s  

are b e ing c o nduc t e d  o n  o r e  f r o m b o th Wa shi ngt o n and C o lumb i a  c ounti e s .  I n  Feb ru ary , 1 ,�61 

Al c o a  anno unc e d plans t o  s h i p  l i m e s t o ne t o  the P o rt l and ar ea f r o m  A l a s ka . A s  l i me s to ne i s  

r equi r e d  i n  the P e d er s en pr o c e s s , pr e sumab ly the c o mpany p l ans t o  u s e  t h e  s t o ne i n  the 

tr eatment o r  the Oregon e r e .  As b o th al umi na an d p i g  i ro n are r e c o ve r e d i n  t h e  P e de r s e n 

pr o c e s s t h e s e  d e po s i t s may pr ove t o  b e  o f  c on s i d erab l e  e c o no mi c va l u e  a s a s ourc e o f  b o th 

a lum i na and i r o n ,  and p o s s ib ly t i tania . 

Li mo ni t ic i r o n  o r e s o o our a t s eve ral p l ac e s t hr oughou t the quadrang l e  as ind i o a t e d  o n 

the g e o l og i c map . The i r  ge o l o g i o  o c c u r r e nc e  has b e en di s cu s s e d i n  the d e s c r i p t i o n  o r  th e 

C o lumb i a  R i ve r  b a s a l t  o n pag e s 20 1D4 2 1 wh i c h i n c l u d e  an a r i thm e t i c a l  ave r age analy s i s  o r  

th e o r e s .  S o m e  o r  t h e  l i mo n i t e depos its  in northwe stern Oregon have b o en known t o  exi st 

s ince  the  ear ly 186o • s . O r e  w a s  mine d and p ig i r o n  pr o duc e d f r o m  a d e po s i t n ear O sw ego , 

south o f  P or t l and , fro m 18 6 7 t o  1 8 ?� .  Wi l l i ams and P ark s ( 1, 2 3 )  di s c u s s e d t h e  o c c u r r e n c e 

ot t h e  l i mo ni t e  o r e s  and t h e i r  e c onomi c val u e  a s di d Ho dge ( 1 ,38 ) in his s tud i e s o f  m i n e r a l  

r e s o u rc e s  o f  the P ac i f i c  Nor t hw e s t . Ut i l i zat ion  o f  thi s ore has b e e n  c o n s i dered  by Mi l l er 
I 

( 19�0 ) i n  h i s · i nve s t i gati o n  o f  the f ea s ib i l i ty o f  a s t e e l  p l an t  i n  t h e  l o wer Coluab ia River 
- - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - -
• 

B e l l ,  G . L . , P r e l iminary r e p o r t  on laterite  d ep o s i ts and o c curr enc e s  i n  t h e  P o r t land 
r e gi on , O r e g o n ,  Strat egic Uln .  Inve st . , u . s .  Gao l .  Sur vey, J u ly 1 ,� 5 ·  
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ar e a .  The o nly c o mmerc ial pro duc ti o n  o f  iro n f r o m  the l i moni t e  d e po s i t s  in northw e s t ern 

Or e go n  wa s that f r o m  th e O sw e go d e po s i t . 

These deposits have b e en t r e n c h e d ,  pit t e d ,  and dri l l e d  by var i o u s  gro ups . The u . s .  
Bur eau o f  .Mine s dr i l l ing pr o J e c t  in 1 942 ( U . S .  Bur . Uln a s  War Mi neral s R e p t . 18 6 , 1 944 ) 

ind i c a t e d  that the C o l port Deve l o pment Co . and Oregon Charc oal  I r o n  C o . l i mo n i t e  d epo sit 

containa more than 3 mi l l i o n l o ng t o ns , and that two o ther  d e po s i t s  in t h e  quadrangl e each 

c ontain ab out 50 , 000 l o ng t o n s . Th e rel ati vely s mal l . pro¥ed to nnage and the h i gh p ho s -

pho rus c o nt ent of t h e  C o l u mb ia Co unty o r e s  have h i n d e r e d  th e i r  d e ve l o pment as i r o n  o r e . 

The l i moni t e  has b e en u s e d  at t i me s  f o r  paint pi gment and ,  dur i ng 1 ,4 5 , 20 car l o ad s  o f  

o r e  f r o m  the I r onc r e s t  pro p e r ty ,  Just w e s t  o f  t h e  quadrang l e , w e r e  s hipp ed t o  Cal i f o rnia 

f o r  this  us e .  

Two d epo s i t s  o f  c o a l  oc cur in th e O l igoc e n e  s e diments an d are shown o n  the g e o l o gi c 

map . They ar e r e p o p t e d  to have b e en mine d at var i o u s ti me s f o r  d o m e s ti c purpo s e s . The 

d e po s i t  l o cat e d  2 mi l e s  we s t  of S c appo o s e  in  the Ni s e o .  10, T .  3 N . , R. 2 1 . , has b e en 

pro s p e c t e d  by 2 tunne l s ,  o n e  o f  wh i c h  fo l l ows the c o al up a grade o f  4 °  f o r  m o r e  than 

100 f e e t*. The c o a l  b e d ,  wh i c h . str i ke s  northw e st an d di ps  ab out 1 0 °  to the  northea s t ,  

average s ab out ) f e e t  i n  thi c k n e s s .  The c o al i s s a i d  t o  b e  l igni t i c  i n  r ank . 

Coal in a pro s p e c t  4 mi l e s  no rth o f  t h e  t own of St . H e l ens i n  s e c . 1 8 ,  T .  5 N. , R .  1 w. , 
has b e e n expo s e d  by a dri f t .  Th e c oa l  i s  r ep o rt e d  ( Yanc ey and Ge ar , 1 940 : 1 7 )  to s t r ike 

north and t o  dip as muc h  as 5 °  to the w e s t .  To tal thi c kne s s  o f  t h e  b e d  i s  und e t e r m i n e d  but 

6 f e e t  was expo s e d  w h e r e  samp l e d at a po int 50 f e e t  w e st of the p o rtal . Ana ly s i s  of the 

c oal as given by Yanc ey and Ge er i s :  

Ash 
B . t . u .  
Llo i s tur e 

As r e c e i ve d  Mo i s tur e f r e e 
Mo i s tur e  and 

ash f r e e  

B o th t h e  Gob l e  and C o lumb i a  R i ve r  b a s a l t s  o f  t h i s a r e a ,  wh e r e  una l t e r e d, make s ati s ·  

fac to ry road metal and s o me o f  t h e  quarr i e s a r e  i nd i c a t e d  on  t h e  g e o l o g i c map . The s e  r o c k s  

a r e  rather f l inty a n d  b r i t t l e  owing t o  t h e  h i gh percentage  o f  glas s .  R i v e r  grave l f r o m  th e 

broad t errac e in t h e  vic inity of Scappo o s e  i s  b e ing uti l i z e d  f o r  c o n stru c t i o n  pur p o s e s .  

Th e r e  i s  a n  abundant supp ly o f  thi s re latively unw eath e r e d  mat e r ial . 

D e e p  w e ath ering ha s produ c e d  s ome c lay f r o m  t h e  C o lumb i a  R i ve r  b a s a l t  and Troutdal e  

grave l s .  Th e t h i c k  d e po s i t s  o f  s i l t  t entati vely a s s ign e d  t o  t h e  upp e r  part o f  t h e  Tro utda l e  

f ormat i o n  have al so b e en w e ath e r e d ,  and a r e  s i m i lar to  th o s e  ut i l i z e d  f o r  making br i c k  and 

t i l e  in  th e P or t l and ar ea . 

Very f i n e , s o m ewhat s trati f i e d whi t e  vo l c anic ash,  whic h  may prove t o  b e  o f  so me e c onomic 

value as a f i n e  ab rasi ve o r  fi l l e r ,  o ccur s o n  the Gus N e l'son p lac e o n  the north s i d e  o f  the 

* Al l en, J .  E . , Scapp o o s e  Cre e k  c o al pro s p e c t ,  Or egon Dept . Geo l o gy and Min . Ind . unpub l i sh e d  
r e p o r t ,  Mar ch 1 940 . 
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Dark C r e e k  road 1n th e Sli s e c . 1 , ,  !. 5 N. , R. 1 1. , 2i .mi l e s w e s t  or Co lumb i a.  C i ty .  P e tro ­

graphi c  e:xa.,minati o n  show s t hat it i s  a a l l i c i o  ash w i th a mino r  amount o r  mi c a .  Ab out thr e e •  

fourths o r  t h e  ash i s  minus 200-me sh. !he depe sit has been pro s pe c t ed by an open out which 

e:xpo s u  as 111.1o h  a s 1 7 t e e t o t  uni fo rmly whit e  aah ; at �he top o f  the depo s it the aah is  ataln e d  
' 

a butt c o l o r .  Ar e al ext e nt o r  the d epo s i t i a  no t known b u t  s i m i lar a a h  w a s  e nc ount e r ed . in a 

we l l  at the Talb o t  p l ac e ,  l e s s tha.n _ �a.lt a .mi l e  to tho no rth . The s trat i graphi c po sition or 

this  depo s i t  has  n o t  b e en d e f i n i t e ly d e t e rm i ne d .  It  o c cur s b e n e ath C o lumb ia Rive r  b asalt and 

strati graphically ab ove th e Ol i go c e ne s e diment s .  The r e  may b e  s o m e basalt b e neath the ash 

ho r i z o n at thi s  l o cal i ty,  and po s s ib ly thi s ash may be o r th e same age as that re po rted to b e  

as s o c iat e d  with t h e  l i mo ni t e deposits (Wi l l iams and Parks , 1'2 3 ) . 

Dur ing 1 '44 and 1 '45 g e o l o gi st s  ot s everal ma J o r  o i l c o mpani e s  studi e d  o i l  and cas po ssi• 

b i l i t i e s  of . th e  ar ea. In 1 '4 5 a dry t e s t  was dri l l ed to a d ep th or 5660 t e e t  at a l o cation 

southeas t ot C l at s kani e J u s t  no rthw e s t  o r  the qua drangl e .  Ano th e r  d r y  t e s t ,  l ocat ed s outh ot 

the quadrangl e in s e o , 2 31 T .  1 H. , R. 1 1 . , MU l tnoaah C ounty , was ab andone d J u n e  7 ,  1 '46 , 

aft e r  r eaching a d e pth o f  788 5 t e et .  A thi r d  dry t e s t  o n  C o o p e r  Mo untai a 1 about 2 0  mi l e s  

s outh o f  t h e  quadrangl e ,  r eac h e d  a depth o f  '263  f e e t .  

Al l i s o n ,  I .  s •. 
1935 

Beck, R .  s .  
1943 

Chaney , R. I. 
1 ,44 

Cul ve r ,  H.  E.  
191,  

Det1 1ng, M. R.  
1 ,46 

Durha111 J .  1.  
1,44 
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EXPLANATION 

Alluvium 

UNCONFORMITY 

� 
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Terrace sands and gravels 
(Portland delta stage) 

UNCONFORMI T Y  

Troutdale formation 
Lvusely indurated sandstone, conglomerate, silt 

and interbedded rolcanic breccia . 

UNCONFORMI 1' Y  

Columbia River basalt 
Basaltic lavas and associated dikes. 

UNCONFORMI T Y  

Oligocene sediments 
Predominantly marine t uffaceous sandstone of Grie., 
Ranch, Pittsburg Bluff, and possibly Blakeley age. 

UNCONFORMI T Y  

Goble volcanic series 
Basaltic lavas, pyroclastics, and associated sediments.  

Attitude of bedded rocks 

-<,2 Dip and strike 
(ll Horizontal 

/o General trend of dip 

Formational contacts 
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___./' . All contacts are approximate, especially the 
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Tide Creek 
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'X' Rock quarry 

• Coal pros pee ts 

X Ferrugi nous bauxite deposits 

!:>. Limonite deposits 
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