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no l\lolo1>0pborons blpllcntn (Gnbb) .. .. ... ........ ................................ . 
U7 MolooopborollS lincolnonsls Weaver ............................................ . 
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no 111csnli11 llncotnco~i>! Wc1tver .................................................... . 
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Oligocene Sandstone Exposed at the Boat Landing on Tatoosh I sland. 
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l.l'fflOI.Or;y, 

The rock materials composing tl1c Oligocene of wesfrrn 
\Vashingto11 al'c almost entirely of marine sedimentary origin. 
Intet·bedded lavftS and tuft's arc absent except on the north side 
of Columbia R ivel' in Pa6fic Count_y. The sedimentftrJ rocks 
consist of sha les fUid sa11dy shales togethel' with minor amount~ 
of samh;tones and conglomerates. .A microscopic examination 
of these n1aterials shows them to be in pal't derived from oldei· 
igneous rocks. A conside rable quantity of ash is present but 
11.lways 111ixcd with clayey 11111.tcrial. The source of the tuf
faceous materials was presumably fro111 volcanic sou rces in the 
Cascades or eastern ~ Tashington. I n nol'thern '"'ahkiakum 
County andcsitic- flows were being- deposited in marine cmba_y
ments near the shore. Evidence fol' thi:,; is to be fo1111d m the 
sections exposed along the canyon of N'ascl Ri,,cr. 

The conglo111enttcs occurring within the Oligocene of Se
attle and at the entrance to the Brcmel'ton Navy Yitrd are 
made up of pebbles rnnging from the size of it pea to a foot 
01· more in diameter. 'l'hey arc rounded and waterworn and 
com po. eel in part of anciesitc and hnsalt and in part of sancl
stonei- and shiiles occurring within the formation. P ebbles made 
of quarhlitc nncl grnnite 01· cliorite tt1·c vcl'_v rnre. 

At the western end of C'ape l •'lattcry there are enormous 
belts of conglomerate in which the boulders arc often over four 
feet in diameter. Commonly they arc angulal' ttnd only par
tially wnterworn. They arc in part c-omposed of rocks which 
arc not kno,m to occu r 1\-ithin the Olympic P eninsula but which 
do occur on VancouYel' Island. The most cornmon a re quflrtz

ite, slate, schist Mel intrusive clio1·ites and gabhro;;. 

STUATWHA-PUY. 

The more detailed facts concerning the stratigraphy arc 
given in the description of the diffe .. cnt districts in which the 
Oligocene cleposih ocrnr. It is not always possible to deter-
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mine in the different sections just where the boundrlries should 
be drawn betweeu the three faunal zones or horizons. 

In the vicinity of L incoln Creek, west of Centralia, massive 

saqdy shales outcrop along the outh b1ink of Chehali. R iver. 

Very good exposures 111:we been made in the cuts of the 0.-W. 
R. R. & N. Co. The beds arc dipping at a very low angle to 
the we t and southwe t. Interbedded with the sandy hales a rc 

narrow bands of clay shale. Ofte11 the sandy . hales grade into 
a shaly sandstone. To the north of Chehalis River Eocene 
andstone o.utcrop at Grand }lonnd. The 01igoccne beds at 

Lincoln Creek rest upon the Eocene . and tones but the contact 
relations are obscure. Presumably they a1·c unconformable. 
The total thickness of the lower Oligocene strata in the Lin
coln Greek section 1s near 1,000 feet. 

In the region where PoTtcr Creek joins Chehalis Hi,·er, near 
the tow11 of PoTter, the total thickness of the Ougocenc sedj
ments is about 9l,OOO feet. The section rep1·csenb, the slrn.lcs 
nnd shaly sandstones exposed from the base of the section three 
miles north of Porter to the center of tl1e syncline three miles 
west of Porter . These strata contain a fauna which has been 
designated as the Turritella porterensis Zone. It is possible 
that the lower 500 feet of the section nu:ly belong to the Lin
coln Horizon or Molopophoxous lincoh1ensis Zone. 

In the Puget Sound region a section has been constructed 
at the entrance to the Bremerton Navy Yard. The <listrict in
volved may be referred to on Plate XXIV. The strata a rc 
entirely of sedimentary origin. The Eocene basalts upon which 
the Oligocene sedime11ts rest arc exposed two miles southwest 
of Bremerton, on the west shore of Sinclair Inlet. The contact 
between the basalt and the base of the Oligocene is covered with 
deposits of glitcial drift. The lowermost beds occur at Orchard 
Point. The upper beds outcrop on the north side of Blakeley 
Harbor. The total measu red thickness of the Oligocene in tl1i~ 
section is approximately 8,900 feet. 
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Oligocene Sandstone Exposed on the North Shores of Cape Flattery. 'l'atoosh lsln.nd in the Background. 
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'1'01) of • eclion. 
(,\) Mnssh·r co,11·sr grnhwd con)!lo nw ,·atic s iauds to,ws. contulnlng nunwr

ou~ l('n ti cu l!lr huncls or cooglorueratc. Ot·<·afilOnttl n1u·,·ow bond~ of 
dn.v- sha l p , 11·1• inll'rlJrcldNI. 'l'hc castw,1rd conlinuntlon of tile cOO· 
glomt•rntrs n11prar in the• outcrops al nlake lr~· Ho<·k. 'Che heels per
~lslen11r d1Jl to t h e 110,·th 111 a ve ,·.r slt•rp "''!!11· ,i nd exlPncl as 0111· 
crnps from I h1• north shorr or 1\luk1•h•y 11 n rho t· 1101·thw11nl r1)1· 1.:;00 

Peet. 

f('cl ... . .. .... . ... ....... ......... . . .. . ...............•...... . 1:ioo 
( U l f;nndy shales c•x1>osrcl brnr>1 J-11 the w,1t<> n; of Blalwlc~· Ua1·bo1·. . . . . . . H OO 

(CI f11·ownl$h i:,'l·oy nrnssivc lo sllgh1 ly hcdclcd shah's as t·x11osed ,tlong tl 11· 
,;(H1l ll ,;hore of fllake li>y llal'bor ror II tlistnncl! or onr,halr mile norl h· 

wes1rrly. b'ive hunCl rccl ft>~I slra tlgrapllically abo1•c the bed~ ex· 
posed al n ,•storutlon Point is 1UJ Pxccllc•nt ros~il locality. .. . . . . . . . . . 2400 

( n) Rh,11,\' sandstoa~s grading in 1i il1<:<'s into a sancl.1· ~hair. Be!ldini:: planes 
sonwt irues w<'II Mflnr d. Thr top of thi~ IDl'mhcr is situated llt H<!stora-

1 ion Point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1200 

(Ii;) Shal.r sand~tone gradually I.Jecomlng more s:rndy in drpth. Bcddin~ 
plane~ ,,~ry di$tinct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4j0 

( ~') Massil·,• snn<lr s hu lcs. Be<lcllng planes dlstincl. . . . . . . . . . . . . . . . . . . . :{50 
((i) )Ia~siv(-" 1,ro\\rni~h g ro')i· coa.r:;e graiue(l couglt>lll('1·,1I i<.: sn.ndH1 one$: iutPI'· 

lw<lclcd w llh ho.11 cls M coa rsc cong l<HnN·a t~"- .\[nn~· of I h1• 11<•hhles Qr I he 
conglonwrntc nrc \'ompos,•<l of husoll· and slrn lc• ......... . .... .. ..... J , 00 

Total thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8!100 

The above described bed a lso occu r in pa rt in the c~ posures 
within the City of Seattle and in the Newcastle Hills . l"ossil s 
arc fa irly abundant in thc'c r,,trnta and hclong to the Acila 

gettysblll'gcusis Zone. 
One of the n1ost complete sections within the state occurs 

at Cape :Flattery and along the Strait of ,Juan de Fuca. Ap-· 
prox:i111atcly 15,000 feet of Oligocene sediments have been dc
posite<l. T he basal bed,.. arc largely shales which have been, 
badly conto rted in places. Above these arc massi\'C conglom-. 
crates forming the poi11t of the c1,pc. The upper part of the 
section is compo:;cd of a lternating shales and sandstones. 'l'ht' 
<letail of this area may be seen on P late XVII . 

The following section is involved in Cape Flattery b~twecn· 
the ba al beds at Waatch S lough and the upper beds a;,r ex..~ 
posed between Neah Bay and Sckiu River. 

Top of Cape Flatter~· Section. F crt. 

:\Inssivc sandstooc . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . 700 
l:lbalt>. bu t roostly co ,·cr<>cl.. .............................. !lOO 
-;\fassil•e ~oodston c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 17::l 
Shale. but mostly conc1•aled. . . . . • • . . . • • • . • • • . . . . • • • • . . • . • . iJOO 
Ma. ~sh·e ,a.nd~tooc> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . :ion 
Concea lrcl . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . :\00 
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'!'op or c,,pe f'l:1 LLcrv ~e<·t ion. F,.t 

Mn,sslvo l,rown ><1t11tl,<~On, • ...•.•.•••... , ... , ..•..• · · · · • • · · :~1)0 
.\ltrrna lini.: beds or sbolc uud 'llllri"t "'"'• . . . . . . . • • . • • • . . • • . . l 200 
sandstone . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 200 
l'onglorucrnt" . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 31) 
81uul~t one . . . . . . . . . . . . . . . . . . . • . . . . . . . • • . • . • • • • • . . . . :;o 
C'ODl!lt)DlCl'II(\! • • • •• , , , , , , , , , , , , , , , , • , , , • , , • • • • • • • • • • • • /jQ 

t'ouglomrroll• nncl :<halt•... . .............. . ..... . ....... . ;;c)o 
f'oor"" conlo(lum,•rotl' ...•.....•.• '.. . . . . . . . . . . . • • . • :ion 
Simi,• .....•....•...•......•.•.. , . . . . . . . . . . • • . . • . . . . . . 7011 
.\Hornutlnir lwd;< or sJ,nl<', aand~tonr• nnd ,·on1dom,•1·0L,•.. .. . . :!00 
:\1:(H~lw SllOdy <'ODglo1m-rnt<' •.••.• .... ...... ..... ..•.. , . • . 11::, 
ll11rrl flinty Rlllllt• •..•.•.••...•.. , . . . . . . . • • . . . • . . . • . • . • • . 200 
Alh-rn111 lug $hale 1uul HnUd8ton,•.. . . • . . . . . . . . . • . . • . . . • . . • :ioo 
lntt•rlwd<lcd conglomcrnte nml m,1s~iv,, ""nd:<ton,·... . . . . . . . ~;;o 
)hu,;slw coni:lomerntc .. • ... ••. . , ... , . • • . • . • . . . . . . . . . . :io 
:Mo~~,,... suJJdH ton~ and lnt<'rcalntNI c-0u,:rlo11wr1H1> lrnsP"·..... :100 
S11ncly L'Onglome1·otc• "" riq,o~ed nl llw C'n11e...... ........ HOO 
rntnhetldc,1 ghnlt• nn1I snndston,•.......................... 1;;0 
Hh111t, . hut moRtly couc~11h•<l ... . . . . . . . . . . . . . • . • • . . . . . . . . . . ;;oo 
Mund,•d ,inucl,I' $bill~ . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 200 
lntN·llud<lccl conglom1•1·11tc n11d snncl~tonc•................... 25() 
Sbah• •••••••••••••••••.. . ..••• , , . • • • • . • • . . • • • • • • • • • • • • a:rn 
Gt'!lly snoclslolle wlll1 small ,11umrnts of I1111•rh.-.,J,1,>d ~hnh•.... 2:\0 
Rhnl,. ... ....•....... .. ..• .. .. ..... ....... . .......... .. 1200 
Ban1lf!,I 1,row11 annd~loo~ •••• • , •• , . .......... • • • • • • . • . . • • 100 

'l'IHtll thh·klJC'~:, .•.•..•..•... • .•••.•. • .••. , .•.•.. 1 :!,Rt1fl 
Bt1sp of ('upc Flnttel'y !-01-tlon. 

COXOl'CIOX:'1 0 I' JH,:J'QS l'J'IOX. 

The Oligocene dcpo. its of western Washington were en

tirely lain down in marine e111bayn1ents. Tl1e cl1arnctcr of 

faunas as well R.s the lithology of the sedituents indicates depo
sition in modenitely deep water. D uring the Oligocene the 

Cascade j.\,low1bii11s were not in existence. Their prei.eot site 

1rns it land area occupied in part by small fresh water lakes. 

Volcanic activity was more or less continuously tn,king place nnd 
the finer ashes may have in part been t1u·1;cd by the winds ancl 
dropped in the marine water;; to the west. The northern C'tts

cades were possibly much bigher in elevation than the litke 
region of the central 1111d southern C'l'lscades. P1·csmnabl:'r this 

region was being drained to tl1e embaymenb; of the occl'l11 hy 
streams heading in Ill'itish Columbia or in custern W nsliing

ton. A considerable part of the edimcn ts which forms the 
mariI?-c Oligocene deposits mny liMc lwcu derived from this urc,1, 

ttnd have been trnnsported westerly hy stream nction. 
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lnterbedded Sandstones and Shales of Oligocene At;e Exposed on the Sont.h Shor e of Cape Flatte1·y Hal r Way Between th e 
Cape and Waatch Slough . 
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The Olympic :\lounb1ins :md Ynncou,,er hhmcl were prob
ably land areas. The Olympics were at lea t 1,000 feet lower 
in elevation than nt present as nrnrinc deposits occur at thnt 
elevation where the wagon road from Clallam Bay to Forks 
crosses the nmin di ,·i<lc. r res um ably the region had been partl.v 
reduced to a. pencplain during the Cretaceous and Eocene an<l 
during the Oligocene tl1c Strait of .Ju~u1 de Fuca was depressed 
allowing marine sediments to forni upon the s11hmcrgt•d borders 
of the peneplain. 

There arc insufficient exposures to the Oligocene sediments 
to determine definitely the suC'cessi,·e extent of the seas or em
lmyments during the cpo<'h. Sediments ('Olltaining the Acila 
gett_yshurgens:s Zone are 111uth more widely distrilmtcd nnrl arc 
much thicker than tho,,e of the two lower :r.one~. Apparently 
there was a pnrtilll withclrnwnl of the s('a,; at the clo,;e of the 
Eoc·ene ancl new inv1tsio11 at the opening of the Oligocene. T he 
e111bay111cnts in which the Lincoln and Porter hori'l.ons were de
posited were restric-tccl in aren and possibly clid not cover the 
Puget Sound Ba in area. During the npper Oligocene thl' 
larger part of w·estern W1\sbington west of the foothills of the 
Cascades 1rns coverecl with the waters of the ocean. There may 
pos11ibly have hcen a low land area connec-ting the Cascade· 
"-ith the Olympics in Pierce nnd southern Kitsap counties. 
This problem is sti ll unsolved. 

At the c-lose of the Oligoc<.ne there \\"t1.s an cn1C'rgence o,·cr 
a. large porti011 of wcsfrrn Washington and all of thr Puget 
Sound Basin beC'a111e it land nren. Emb1tyment.; "·ere still 111 

l''i:istcnce in the Strnit of Ju~u! de l~uc·1l region as well tis in 
:,out h western ,,r asliingtou. 

F or purposes of detailed description western ·wa.,hington 
nrny be divided into several provinces. T he follow ing divisions 
will be used in the ,liscu.;;sion of tbe Oligocene : K ing Connty
R cstorntion Point Arel\: Cape Flattery-Strait of J uan dt• 
Fura Arca: Quimpcr P eninsula Arcn.: Grays Harbor Area nnd 
Columbia R ivcr A rctl. 
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KING COUNTY- RESTORATION POIN'I' AREA. 

{:1-,0(:HAl'III C DISTHllff'J'lO:'>'. 

There is a prominent spur of the Cascade )fountains 111 

King County between Snoqualmie and Green rivers whic·h ex
tends westerly to Lake Wnshington. It crosses P uget Sound 
Basin in part as 11. sub-glacial and in part a tt subn1arine 

ridge. The rocks fonuing the ridge al'e of Eocene m1<l Ol;go

ccnc age. Within the Puget ound Basin they iu·e exposed in 
Is. nquah :\Iountain Xcwcastlc Hills, the low hills of South c
attle and Alki Point, the low rock cliff. at the entrance to till' 

Bremerton Navy Yarrl, the Bald Hills of ccntraJ Kitsap County 
aud tht• foothill s oF the OlympiC' )fountains between the Ducka
busli a nd quilccne ri,·ers . The grc1lter portion of this ridge 

is buried hcneiith }tn enormous deposit of g lal'iul drift. 
'l'ltc <'<>re 1incl south fl ank of t he ridge and spur 1u·e <'<>1\1-

po;;cd chiefly of Eocene lnvas and scdimcnbu·.r rocks. T he 
north fla11k is in part C'mnposecl of Oligocene sccli111cntary rocks . 

The 111ost ea st e rly Oligocene exposure;, occur <m the east ern 

,;ide of Lake San1111amish, in Section 16, 'J'oll'nshi p !t.J. l\' or th , 
Range 6 East in the ,- ide of a small C'reck. Outcrops also ap
pear in th e.'. logging road cuts :wcl small c·nnyons on th t• divid1• 

between C'oal Creek aud Lake 8 a1111na111111ish. l •artber \\'<'s t 

there arc C'Xposurcs south of K irkland, cast of ~Icr l'C' r Slough. 
T lw s1u11c rocks arc we.II de\·clopcd aro11ncl the shores of Bailey 
P enins11l1t and frorn that point soutlnrnrd to R ainier BMeh on 

the west side of L ake Washington. Sirnila r exposures of the 
siui1c formation have been 111adc in the s treet cx<'ava'tions of 
Columbi,t C'ity, South Seattle aud Georgetown. .-\t Alki Point 
OligoC'em' sandstonc!i ~tncl s hales ocTur tilted almost ,·ertically 

and form a 1011· 111ari11e te rnu:c 1tbout 15 fed abo,·c sen level. 
The roC'ks n re exposed along the bcaC'h for a clist anC'C of ap

prox imatcly 1 ,500 feet. Similar low rock tcn·accs octu r alo11g 

the south shore); of Bainbridge Island as well as on the oppo,:itc 
:..hore of Hicli P as,rngt•. T lic SHlll l' for1111ttion appt•tu·,.; );ix miles 
11·cskrl_y ,dong the shore,; of the narrow inlet bt'hrccn B r<'mcr

to11 ~uid Silvcrdak•. Xo 111o rc exposure,; O<'('Ur as far as the 
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Coarse Grained Oligocene Sandstones and Conglomerates Showing Cavernous Weathering as Exposed on an lslimd on tbe 
South Side of Cape Flattery. 
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sonth end of the Quimpcr P e11i11:;ul a. E ast of E\'C·rctt and 
south of Snohomish, a t Fiddler Illuff, shale,- and sandstone:; of 

Oligocene age arc exposed in the rnilroacl 11.nd ll'agon road cuts. 

The surface formations 011 all sides of tlici;c outcrops for many 

miles arc composed entirely of glacial drift. 

S'l'H.\ 'l'IG ll ,\ P HY. 

The mo t complete . ection of the Oligocene depo. it within 
the Puget Sound Basin is to be found at the entrance to the 
lircmcrton Nary Yard. One generalized section ha already 

been de cribcc1 in the general discu sion of the Oligocene of 
we tern Wa hington. Thi. . cction was constructed along the 
li ne B-B', Pll~te IY. 

The westerly continuation of the ,- trntn as exposed i11 sec
tion B-B' reappear in the c1·oss section A-A'. T he upper beds 
exposed at Point Glo,·c1· appca1· to be the cqui\la lent of the 
beds in member (C') of tltc section B-ll'. The extreme upper 
portion of n1cmber (G) as exposed a.t Orchard Point is the 
westerly continuation of the narl'ow conglomerntic layc1·s oc
curring cast of Bcun P oint on the south <'nd of Bainbl'idgc 
Island. The ('onglomcro.tcs outcropping at Quany P oint arc 
the equivalent of tl10,;c cxpoi;ed at :\I ickllc Point. From )liddlc 
Point the same beds cross Rich P assage and appear in the 
cliffs at F ort W'arcl on the south shore of Bainhl'idgc I sland. 
Herc they become less conglomeratic ancl 111ore sandy. r car 
Restoration P oint they a rc the cquintlcnt of the upper portion 
of member (D ) . The shales 1tncl i:;audstoncs exposed between 
P oint Glo~er ancl Middle P oint arc correl1ttcd with the sandy 
shales in member ( C'). The conglomerates in member ( A) and 
the shales in member ( fl ) do not appear on the south side of 
Rich P assage. It is possible that the conglomeratic sandstones 
a ncl interbeclded shales exposed near Tn, cyton 11.nd Phinney 
P oint arc the equivalent of members (A) and (B). '£ he fol 
lowing tratigrapl1ic section has been n1 c1u,ured between the 
basal beds n.t Orch1nd Point and the higher beds expo cd at 
Point Glover: 
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'l',)p o( Section nt l'olnt rno,· .. r. Fr, t. 

M11ssfro ,iaud~· sbnlc with pnorl.,· th•llnt·d l1<•t1'1ing ph111t•s . ..... 1:.u 
~lrnly snnclstouc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ill 
Brownish S?;t·a.1• sanely clay slrnh,.......................... ;;oo 
~(nssil·e hrown snnd~(out·.. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . J or, 
(:ray sand,,· shale.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -n 
Brnwu n1ai;slve c<HH'S<' groined $:tndslont•............ ... ... (;u 
ltitt'rbedcled ,:;lrnl<· nml snndslo1w, shnl,• IH'Nlominnt Ing. . . . • • . l-lU 
'.\lnsslvc ,;aoclstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1\0 
Thkkly h~ddcd shale. .. .............................. .. . :!Oo 
Alleroatlng l>t'ds of lbln l,1· llcdcl,•d sltnh•s nod sundslone... . . ~,:!ti 
B,:u1clcd i<hnlc and s1rndst1>11c, ~ha!,• 111·1•doml11nt i111-:........... -10 
Randl'd :<hale nnd sa ndfittuw.. .. ................... ... ... 2,1 
'.l'hlnly IH·<ldl'II grn~· 8hal<•............................ . ... i O 
)l11ssivc hr0\\"11isl1 ;:-my saoclslon,•. . . . . . . . . . . . . . . . . . . . . . • . . ~II 
Tltlnl.,· bedded shale. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::u 
'.\[US:lh'e lll'own SAlld!<too,•.... .... . .. ... .. ........ ........ :mo 
)lnluly ~hnh•, wltlt n frw 111U't'O\\' h1111c is ,,r ln1t•rlwdd<•d snnd· 

slotlC' .......... . , . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . :!OO 
,tn Inly snndHtuuc•. with a rc•w unrrnw lurnds or In r,•rbrdd,•d 

sbnlr . • • . . . . . . • . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . ::11 
)tu In!~· d11y ~ho le . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !Hlfl 

Massive bl'own sandstone. . .............................. n:; 
.\ llel'tlllling iayet·:< of thinly IJt•dd,•d s:111tl~!o111•s nn<I " lull,•:, with 

occasionnl bonds or Rsrn,l~tont:' rou,· w 11,·,, r,, .. 1 in rhi cknc•s" !111 
)[osslvt• hrown saud;;toue, sllgbtl,, hund,•d. • . . . . . . . . . . . . . . . ; :; 
Hn11detl s llll le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lH 
'l'hlnl,v lw1ld(•d sbalr ,nndslou,•. . . . . . . . . . . . . . . . . . . . . . . . . . . lct 
Altcmntiul( bunds of thlnir hrtidcd ~hnll' nnd ~an<lsto1w...... ;;; 
)Intk~i\'(~ brown :-.undston~.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . :!O 
.Mas~ t,•t• l1rown grlltr ;,andslou..... .... ........ ..... ....... . .. , 
G 1•11y s hnll' 11o""''k~ini; wt•II dt'flnc d heddlng.............. . .. Hlfl 
)!ns;; h ·c· hrnwu snndslonp l'Outnining ltnocls or "bnlt•.. . . . . . . . ::11 
)lo,,tlr s h >ti<· with ~ fow hands of iul r l'lwcldcd sa11<l"toncs: 

strut a lnrgcl,· cou~culecl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00 
'l'hioly l11•ddNI shulc somewlrnl massive In 11h1c1•,; and !'on tnln-

iog 01·1·ns io nnl han,ls of "nnd~tone n ,·c•rni,ini: on<' toot in 
thlcl,111'~" . ... . ... . , .. .. ... , .. , , ... , .. , , .•. , ...... , . . :;~o 

)l:i"sil·c· bt·ownlsh ii,·a.,· ~nucl;ito1w 1·1mti1 ining 1u•hhl.1· ond c·on• 
l(IODl1'1"11 le ltl\lldij , .•.....•.. , , ... , . , •.. , . , . , • , , , • , • , . 1~(10 

)lttijsl\·c• t·,mglomN11u•s tom p,J:w<l or (lt•hhl<·8 nrnging up t<> two 
re,•1 In dhtnti• l er 1111d com1w><e<l In pu r l of aitPrNI hnsult.,. l:'i 

'.\las><l vP gritty ~undstone . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t,O 
Cong! onu•rn I~ . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . . • . . . . . . . . . l;; 
)!llo,$1\'<' grllty brown snml"it'm(• lh<'SI' nl'l' lh~ h,w,•~t !<l rntn 

r :q><,s;•(l in I h t' Brr nw r tQn l 1111•1 l\1'<'11. . . . . . . . . . . • . . . . . . . ifl 

'l'hi<·kntl--t:-t .. ................ . .......•..•......•.. 701;; 

In other portions of the P ugc·t Sound nrcu ouly partial sec
tions can I.Jc measured. The northern and centnd parts of 
Seattle a rc composed entirely of deposits of glacial drift of 
great thickness. The sonthe111 portion of the city is in part 
built upon bed l'Ock formations of Oligocene age. .A thin layer 
of drift is mantled over much of this. Over 1,000 feet of sand-
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stones and shales outcrop in the castcm wall of D uwamisli VAi

iey between B rnndon Street :~nd Geo rgetown. To the north 

the be<l l'ock surface passes r ,tpidly below sea level nnd is coY

cr cd with o,·cr 800 fed of d r ift. T o the south of Georgetown 

bedrock docs not reappear for 11 di o;bmcc of e:ight miJe . . Some
where within this intcrnd tbc contact between the Oligocene 
and Eocene formations lies buried. 

One mile south of Georgetown, at South Park, on the we t 
. idc of Duwami3h HiYcr: th ree small rounded hi lls of sandstone 
and shale proj cct through the aJluvinl covered floor of Du

wamish \'alley. These exposures together with those at Du
wamish tation and GcorgcbHI n indicate thnt Oligocene bccl
roc·k exposu r es cio not exi-;t n ry deep below the fl oor of the 

valley. 

In the street cub; of Columhitt City, in South Seattle, -;hn !P-; 

and sandstones arc expo<;ed ha ving a measured thiC'kn ess of 

over 2,000 feet. A s i111ilar section exists to the ca st on the 

B ailey l >cn ins1ila where t he deposits arc in pnrt composed of 

conglon1crntcs. T he s trnta outcrnpping in both of these lo
calities a r c the eastern extension of those exposed nt George

town as well as at the cntra11C'e to the Ilrerncrton :'{ avy Y:ird. 

<:!-:0 1,00 l t' S'l 'H l ' l " l'l'IU:. 

In the diseussion of the Eocene forrnations in K ing County 

it predominating trntielinid structu r e was described as trending 

cast and west throng!, South S eattle. Tlic C'Ol'C' a nd south 

tla n k was d esc ribed Hs being co111µoscd of la vas and Eocene 

.,;etlintcnbs. 'rhc north flank of the anticline is in part maclc 

up of Oligocene s1indstoncs and s hale.~ 1vhieh ha,·c just been 

described. 

T he prin cipf.d structure consists o f a prcdomi1rnting anti

clinal axi s refe rred to in this rcµort us the Newcastle antielin11 I 

axi:-. P late I\', trend ing in n sorncwlrnt sinuou fashion through 

the ~ cwcnstle H ills west erly into South $cattle. lt can he 
definitely traced from n point three mi les cast of I ssaquah wher e 

it extends :southweste rly to u point. south of the same town. 

It erosscs I ssaq uah C reek, pn.ssc~ th rough Sqn11.k Mountain nn<l 
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into the XewC'astle Hills. The EoC'ene lurns fon11i11g the C'o1·e 
of the antidine outcrop on the eastern shore of Lake ,v ash
ington south of the tllouth of Coal Creek. )forcer hlaml and 

a liLrgc µortion of the hills south of C'olu111hia ('ity >trt1 c·o111-
posed mostly of glacial deposits. The prohahlc position of till' 

llnticlinal axis lats hccn drawn upon the 111ap, Plate I\', frn111 
the s tn1durnl evidence afforded hy the oc·c11nentc of Oligo
c·em' shtdcs itnd sttnd~to11cs in C'olu111hia C'it_v and the Bailey 
Peninsula. 

Oligocene sediment!, a1·e not known to occur on thr -;outli 
flank of the Xewcastlc anticline. It is possible that they may 
nt one time huxc c•xtendc,d much fHrther to the south 11ncl htn·e 
later been remo,·cd hy erosion or the original :,hore line 11111,r 

have been not far south of the present Eocene-Oligocene con

tact. The "csterly continuittion of the anticlinal strndure oc
curs in tht' Raid Hills of Kitsitp County where it may be 1110110-

clinal. 
The Oligocene sediment,, in the north flank of tJ1e n11tidi11e 

have hC'en so111cwhut. wrin klccl and developed into minor folds. 
The axes of such folds hn,·e been inserted on Plate IY. 

A broad synclinal fold \\·ith iti- axi:; pitching to the• north 
has hcen fonnccl in the region of Lah• Su111nrnm111ish. Its nose 
is about two miles south of the town of I ssaq;mh. Tlw :.trnbi 
involved in its eastern Ii111h arc exposed to the cast of fasaC]Uah 
at Gran,! Ridge and to the north in Scdion 13, Tow11 ,;;hip !'l.J. 
)forth, R ange 6 East. They have a strike of North 60 East 

and dip to the northwest. The sandsto:1es and shales forming 
the we,tern li111h of the fold out(' r<>p in the vicinity of th Su
perior coal mine on 'L'ihbett's C'rcek and westcdy at C'oal Creek 
nn<I Newcastle. Obserrntion:1 taken in the rock tumlel;; of the 
C'oal C'reek mint· and ,ilong C'oal Creek gi,·e strikes rnnging 

fro111 North 85° \i\7est to Xorth :35° \Yest. The dip ntric~ 
from -!0 ° to 70° to the northea,..t. 

A second syncLl rrnl fold has been formed in the ,·i('inity of 
('o]urubia C'ity and South Sc,tttk U s axis al;,o pitches noTth

crly. The --tratii invoh·ccl in the c1\skrn limb outcrop in the 
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we. tern por tion of Columbia City and along the shore· of the 
B ailey P eninsula where the p revailing strike is No rth 70° E a. t 
and the dip 60° to the northwest. r.rhe . ands tones and . hales 

expo ed wjthin and to the we t of Columbia C'ity fo rm the 1rcst

ern limb and hare a prcniiling str ike Nor t h 70° W est 1tnd a 

dip of 70° to the northeast. The tructural conrlition. at the 

Bailey P~nin ula and along Coal Creek sugge t the presence 
of a minor anticlinal fold in the near vicinity of ~forcer Island. 

A third syncliJial fold lie in Duwamish Yallcy. It. eastern 
limb i compo eel of . trata expo ed in the bluff along the ea tern 
side of Duwamish Y a!ley from Brandon Street to Georgetow11. 
Dctwccn Brandon Street and the Archer B lower Iron \ ,V orks 
the beds have a strike of North 925 ° E H.st and a clip of 928° to 

the nor thwest. r.ro the south in the v.icinity of Georgetown 

the strike is more nearly north and south . S011tl1 of George

town the strike is North ~5° W est itnd the dip 35° to the 

soutlnwst. The nose of the fold is near D mYamish Station. 
The western limb is formed of rock outcrops in the t h rec hills 

at South P a rk and Alki P oint. At the former locality the 

strike is Nor th 50° W e-t t\nd the dip 50° to the northcit. t. 
T he hills between D mnimish Yallcy and Admiralty Inlet Me 

entirely composed of deposits of glacial d ri ft . The structural 

conditions on the ca. tern side of Dmrnmi. h Valley and in the 

wes tern part of Columbia City indicate the existence of a minor 

anticline in the ridge between. 

Excellent exposu res of the Oligocene strnltt occu r 011 the 

. outh shore of Dain br idge I sland as \\' ell as to the south on 
the opposite shore. The structurn.1 relations may he seen on 

Pln.te XXIV. A minor nnticlinal fold occnrs between P oint 

Glover and l\lidd lc P oint on the south of R ich P assage. A 
small s_rnclinal fold exists on the south end of Ba.inhridge I sland 
between Plcas1tnt Bench and Bean P oint. FTOm P oin t Whit e 

westerly no Oli gocene deposits arc exposed as fa.r as T racyton. 

I n the "ic inity of Tracyton sandstones i,nd shale outcrop along 

the water '. edge for a distance of a mile. No further ex posures 
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occur as far as the we t side of Hood Canal with the exception 
of glacial drift. 

To the north of the ar<.'fl dci<cribecl in both King and K its•tp 
coun tirs 110 bed rock outcrops at t he su dace. T he Oligocene 
formations in the north flank of the Newcastle tlnticlinc, from 
structural conditions occurring at the surface, must e)\-tcmcl ,·cry 
deep. P reswrnibl_y there: is a 111aj or synclinal trough t rending 
cast and west and eight or ten miles to the north of the sur
face exposures. Such a trough docs exist between P or t Dis
covery Bay and Quilcene Bay in Jefferson County. The strnta. 
involved in the south flank of this trough ure the westerly con
timtation of those exposed at the entrance to the Bremcr~on 
Navy Yard. T hose on the north flank arc probably tlic equiv
alent of deposit which arc presumed to exist frtr below $CU. 

level in nol'thcrn Kitsap and King counties. 
Between Duwa111ish Station and R enton :u_id easterly to, 

Cedar R iver folds have been formed but the strnbt i1wolvcd arc 
of Eocene age. It is possible that small outliers of Oligocene 
sediments may exist but as yet they ha vc not been disco,·crccl. 

F ossil niarine invertebrates are abundant and fairly well 
preserved in certain localities in tliis area. There is v~·y little 
variation in the faunas from the upper to lower beds. T he_v 
represent the Acila gettysbu rgt·nsis Zone. T he ~Iolopophorous 
lincolnensis and T unitellti porterensis zones arc abse11t or at 
least have not as yet been recogJ1izecl. 

QUIMPER PENI:'.'!SULA AREA. 

GEOGll.\l'IHC DfSTRlll1"'J'IO~. 

T he Quin1per P eninsula forms the extreme nor theastern 
C"orncr of the Olympic Peninsula. 'l'hc slU·foce exposures ovet· 
most of this area consist of sands, clays nnd gravels of glacial 
or1g1n . At several localities along the shore and in the small 
creek canyons there arc exposures of lavas and sedimentary 
rocks of Eocene and Oligocene age. T he former have been 
described in the previous chapter. } 'rorn H ood H ead on Ad
miralty In let a belt of Eocene lava and tuffs four miles wide 

- 7 
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extends northwesterly ,tcross the peninsula to the south end of 
Port Discovery Bay. They continue as a 111u-rower bel t from 

the west ern shore of Port DiscoYcry Bay to Sequim Bay. These 

rocks constitute the core 01· axis of an anticline which to the 
c,t t in I(it:,;ap County docs not appear at the surface. Sand

stones and shales of Oligocene ag e res t upon bot h the north

eastern ,Lnd outhwestern flanks. The forn1er outcrop a t the 

water's edge along the hore of Oak Bay, Scow Bay, the outh
em part of Port Townsend ]lay and the middle shores of Port 
Di:covery Bay. The latter arc exposed at the south end of 
Port Di covery Bay and along the cut of the Port Town end 
and Southern Raifo,ay as fa r as Quilccne. The area between 
the railroad and the central core of Eocene lavas is lar gely 
covered with glacial drift. T o t he SOl1thwcst of Quilcene Eocene 
hwas reappear as the surface exposures where not co,·ercd with 
drift. 'l'lic contact s as drnwn upon P late IY arc provisional 
since they arc 111 most phtccs con cea led beneath deposits of 
drift. 

C: lsOL()( :I C !'\'l ' IIIT T U HK 

A synclinid and an 1rntidi11a] folcl constitute the predomin ant 
-,tn1ctu ral fcat u{·c of this A.rea . T he :ipproxin1a tc p osit ion of 
tl1c irnticlinal fold h,is been described. T he synclimd fo ld i. 
to tli<· southwei-t of the fo rmer ancl t rends from southeast to 
nortlmest. The troug h is from six to eight miles in width hut 
na rrows from t he southeast t o nort hwest. The s trata out.
cropping 1.dong the 1·ailro11d fro!l1 (~uikcnc to P ort T ownsencl 
Bay for m its southwe'itcrn limb. The s1wdstones and shales 
exposed from Crocker L ake t o F airmont on the shore of P ort 
Discovery B ay 1tre ft pnrt of the northcnstcrn li111b. This sy n
cline is probabl)' the northwes tern continuation of thl' one in 
K itsap and King counties ly ing north of the Newcast le anti
cline .ind buric<l beneath an cn<,rmoui,; thickness of g lacial drift . 
Its south limb is composed of strnta which arc 1rn extension 
of the Ol igocene at Bremer ton Inlet, Seil.ttlc A.nd the N'cwca.stlc 
H iUs. 

About five mi les northea st of Quilccnc sa ndstone~ outcrop 
on the wagon rnad to D 1ibop B ny. Tht' hills on the \\·est side 
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of Crocker Lake have excellent expo ures of shale and and
stone. T hey strike northeast a nd southwest and seem to be 
passing arnund the nose of the syncline. 

Nor th of H ood H ead partially stratified htffs and inter
calated lavas a rc clipping to the north at an aglc of 9l8° . About 

one mile north of Olele P oin t Oligocene shales arc resting upon 
the lava and dipping north at an aglc of 8°. From that point 
to the south end of Port Townsend Bay haks with alternating 
beds of sandstone have an average angle of dip to the north 
of 15°. Along the shores of the southern end of Port Town-

encl Bay and Scow-Ilay the cdimcntary rock arc interbcddcd 
shale and sand tone . 

On the easte rn shores of P ort Discovery Bay gray sand- .,. 
stones outcrop at t he water's edge just north of Woodman Sta
tion. They a rc r esting nearly flat but in J)laccs a rc slightly 
undulating. :Massive clay shales a rc exposed on the opposite 
western shore of the bay. 

P oo rly preserved fossils occur scattered through the strata 
at different local ities. They a rc most abundant north of W ood
man Station on Port Discovery Bay and near the north end of 
Oak Day. The . pecies arc somewhat different from tho. c in 
the AcihL gettysbu rgcnsis Zone and seem to have closer affini
ties with the 'l'uni tella portcrcnsis and Molopophorous lin
colncnsis Zone. 

CAPE FLATTERY-STRAI'f OF JUAN DE FUCA AREA 

G1'JOG LI AL'fl CC D1$'1'111B -•.rt ON. 

The a rea involved extends from P ort Crescent westerly to 
Cape Flattery, a distance of fifty miles. The bel t is s ix to 
eight miles in width. It .forms the north coastal bor<ler of the 
Olympic P eninsula. The urfacc expo ures a rc almost entirely 
composed of glncia.J drift . The Oligocene rock outcrops a rc 
confined to the shore line and the canyons of the creeks drain
ing to the Strait of Juan de Fuca. Wi th the exception of the 
divide extending to Cape Flattery the aYerage elevation i 400 
feet above sea level. The con tact between t he Eocene and 
Oligocene, wl1ic-lt has been desig nated upon the map, Plate n·, 
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is provisionnl. On the coast south of Cape Flattery it can be 
definitely established one mile north of P ortage H ead. It oc
cms near the falls on Hoko R iver in Section ~-.I; , T ownship fH 
North, R ange 14 West. Between H oko R iver and the ocean 
a detailed search has not been made. The region is heavily 
timbered and covered with glacial g1·avels. The contact crosses 
the Fork. -C'lallam Ba_y ,vagon road just south of the divide 
and continues westerly north of Solduck River to L ake Cres
cent. The line as drawn upon the map is only approximate and 
should not be accepted as accurate. Exposures of lava oc<·ur 
in the wagon 1·oad cuts on the north sicle of L ake Sutherland 
in Section ~l , Township 30 North, R ange 8 West. From Lake 
Sutherland the contact trends northwesterly and reaches the 
coast at a point two mile;; west of Port Crescent. 

G fi:OLOG IC STfl l'C'ITR F.. 

Both the Oligocene and Eocene deposits on the north shore 
of the Olympic Peninsula arc involved in a large ~ynclinal 
trough the axis of which trends from Lake Sutherland north-
1vcsterly diagonally across the Strait of J uan de Fuca. T he 
northeastern limb of it is represented as n. lHl.lTOW fringe on 
the opposite hore of Vancouve1· Is1nncl. The southwestern 
limb has just been cle:;cribed as forming the north border of the 
Olympic P eninsula. The strata involved "'ithin it a1·c 19,000 
feet thick, 15,000 feet of this amount consisting of shales nn<l 
sandstones of Oligocene age. Above these there arc 4,000 feet 
of lower l\liocene sandstones and shales exposed on the shore of 
the Strnit of J uan de Fuca between Pysht and ClalJnm Bay. 

On the southwestern flank of the major syncline ten trans
verse minor anticlinal and syncli nal folds have been developed 
between Crescent Bay and Cape Flattery. T heir average trend 
is about North 15° East. T he nose of the major syncline 
where the Oligocene beds rest upon the Eocene basalts is sit
tmted in Section 19, Township SO North, R ange 8 West. The 
ax-is of the syncline crosses the county wagon rond in Section 6, 
T own hip 30 rorth, R ange 9 ,vest, nnd extends no1·thwcsterly, 
intersecting the coast one mi le west of Gettysburg. The shnles 
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on the eastern limb have an average strike of North 6_0" West 
and dip to the southwest at 1\11 tingle of 18 . 'l'lic strata in
volved in the western limb have a prevailing strike of North 
75° , vest with a dip ranging from lS 0 to 45° to the northeast. 
In tJic vicinity of the point where the synclinal axis emerges at 
the Strnit of J uan de Fuc1t an anticlinn.1 axis 1di:;o cmct·gcs with 

a trend North S0° East. The strata forming the western limb 
of the anticline arc exposed in the bluffs along the liorc for a. 
distance ten miles west of Gettysburg. The prevailing strike 
is North 60° Ea t and the dip IS to ,l,.5 ° to the northwe:st. 

In the bluff just west of Twin Hi vcr sandy shales occ111· 
striking ncttdy north and ;;outh with ii dip of 15 to the west. 
l<'arthcr to the west the "first exposures encountered nrc about 
one and one-half milci:; west of Deep Creek 11· ith a strike of 
Xorth goo \Vest and a clip of 30° to the southeast. On tht! 
basis of this evidence and a similarity of the stratigraphic sec
tions 1t synclinal trough is believed to trend nearly parallel to 
Deep R iver. A small anticline exists one and one-half miles 
cast of P ysht. From P ysht to C'l11Ilam Ba_r the cxposut·cs along 
the sho1·c of the strait arc of lower ~Jioccnc age. 

From the mouth of Sckiu lliver to C'apc 1''fattcry the strab"l. 

arc entirely of Oligocene age. The strndu rc is mainly 1110110-

clinal. The sandstone;; and shales involved in the monoclinc 
arc in Tcali ty the southwestern limb of the major syncline pre
,,iously dcsnibcd. Obscrvn.tions taken on strike nnd dip along 
tl1e C'lall11.111 D11y-}'01·ks wagon road for a distance of five miles 
from C'lall,un B ay give an average strike of North 60° \Vest 
ancl a <lip of 40° to the northeast. On Pysht Ri ver in Section 
9.!3, T ownship Sl North, R ange Hl vVcst the strike is North 
35 \'Vest and the dip 3l'l0 to the northeast. 'l~wo mile south 
of this point they bcgiJl to appear along the wagon road n.nd 
continue to the main divide. In tl1c we tern part of Section 9l6, 
Township Sl North, Range 12 'i\'cst, the strike of the shales 
ranges from North 6 ° W est to North goo West with o. dip of 
45° to the northeast. Just south in Section 35 the strike be
comes North '70° W est and the dip 60° to the northcnst. 



~00 B ulletin No. 13, Waslii:ngton Geological Swn:ey 

.Along the shore of Cape F lattery the st l' ike val'ies from 
North 70° ·w est to Nor th 30° West with a constant dip to 
the northeast ranging from ~0° to 70° . At the extreme point 
of the cape the dip is nearly flat in places and on Tatoosh 

I sland the strike is North 30° Ea t and the dip 9l0° to the 

outhea. t. South of the cape neal' the mouth of ooes Rivel' 
the strata have an average t rike of Nol'th 45° West with a 
dip ranging from 20° to 80°. Ob el'vation. taken in the cliff 
along Waatch Slough conform in general to those fl.round the 

shore of the cape. 

Between Sooe River and Portage Head the Oligocene rlc
po its a rc covered with P leistocene sands and gravel , so that 
the structure cannot be determined. At Portage H ead badly 
altered basalts of probable Eocene age form prominent out
crops. It is possible that a fault extends from the north end 
of this head southeitsterly along the main divide. If so the 
Oligocene deposits m,ty lrn.ve been dropped to the north a~ a 
block. Between P ortage H ead and Point of the Arches, Oligo
cene strata outcrop along the beach for a distance of three 
miles. They have been folded into a synclinal trough whose 
axis trends North 45° ,v est and inter ects the coast line in 
Section 19, To1vnship S~ North, Range 15 West. The strata 
forming the north .limb strike North 35° We t tmd clip nt an 
agle of 65° to the southwest. T hose in the south limb 11ave a 
strike of North 40° '\iVest and dip 45° to the northeast. No 
determination has been made as to how for these deposits ex
tend to tbe southeast. 

The Oligocene deposits 011 the north shores of the Strait of 
,J uan de Fuca opposite Cape J<' Jattery outcrop at intervals 
from ookc Bay westerly to Carmanah Point. T hey rest un
confonnably upon Carboniferous and l\Iesozoi c metamorphics 
together wit h Eocene lavas and tuffs. 

I•'.\ UNA. 

T he shale exposed between Crescent Bay and Gettysburg 
and along the north shores of L ake C1·escent contain a. smaH 
fauna more closely allied to the Turritella porterens~s Zone 
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than to the Acila getty burgensis Zone. The shale occurring 
along the hore south from Cape Flattery are pre umably of 
the same horizon. The exposures between Twin and P ysht con
tain a fauna typical of the Aciln. gettysbu rgensis Zone. The 
trata a re the equivalent of tho e in Kitsap and K ing counties. 

The fauna occttrring in the shales and sandstones between 
Se.kiu River and the extreme point of the Cape belong to the 

ame zone. The ma sivc sand tone and shale exposed between 
Pysht and Clallam contain a lower Miocene fauna. The con
tact relation between the lower Miocene and the Oligocene at 
Pysht and Clallam Bay are uncertain. There appettr to be· 

a faltlt contact just cast of Py ht. Presumably the b-vo forma
tions ar e unconformable. At t he t ime when the maps accom
panying the 1·eport were made the strata containing the Acila 
gettysbu rgensis Zone and the Tul"l"itella porterensis Zone were 
thought by the writer to be lower Miocene. As a result, they, 
together with the J\ rca rnontereyana Zone as exposed between 
Pysht and Clallam Bay are included in the Clallam formation. 
I n the revised g rouping the Arca montereyana Zone or lower 
Miocene is not included within the Clallam formation. The 
Clallam fo1·mation as previously defined is restricted to the 
Oligocene marine deposits. 

A list of the faunas occur ring at the localities along the 
Strait of J uan de Fuca are given in the F auna] list s of the 
Oligocene on page 170. 

GRAYS HARBOR AREA. 

GEOGRA.PUTC DISTRIDUT!ON. 

'l'he Oligocene deposits of the Grays H arbor area involve 
approximately 600 square miJes of territory. They lie in con
tact with the overlying upper Miocene deposits and to the south 
and east with the '£ ejon formation. The area indicated upon 
Plate III as the Lincoln formation should also be grouped with 
the marine Oligocene fot· discussion. The larger part of the 
a rea is heavily covered with forest and such 1·ock exposures as 
occtu- a re usually deeply altered and converted into so-il. The 
t racing of contacts upon the surface becomes exceedingly dif-
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ficult. The contacts as designated upon P late Ill arc on]y 
approximate. Observations were made on the diffc1·ent creeks 
and the positions of contact noted where possible. Such points 
were connected by provisional contact lines. Large portion of 
this area are entirely devoid of surface rock exposures but 
whcrcwr conditions 11'arranted it the p robable underlying bed 
rock formations were given the preference in mapping. W her e 
it wa impossible to determine the character of the underlying 
formations the surface gravels or sands were mapped. 

Beginning at Grays H arbor and passing southerly, the con
tact of the Oligocene shale. and sandstones mtty be seen on 
North R iver in the northwestern corner of Township 15 Nortlh, 
Hange 9 v\Tcst. South of this locality the exposures nre con
cealed. rrhe contact crosses Willapa R iver about halfway be
tween South Bend and R aymond. T o the north a.nd south of 
the city of South Bend basnltic rock appears in pl11.ccs which 
arc presumably of Eocene age. T o the south of R aymond a 
survey was made up the south fork of WiUapa R i,,er 11.ncl the 
contact dete rmined as indicated upon Plate III. Severn.1 bnsidt 
flows arc intercalated with shales. F ossils arc ab cut and the 
uppermost lava flow was chosen as the base of the Oligocene 
formations. Frnm 'l'rap Creek the contact swings more nearly 
en.st and follows the foothills about two miles south of the South 
Bend branch of the Northem P acific R ailway. In \Villapa 
R iver nt Holcomb there a.re basaltic tuffs ancl la,•as whose 
stro.tigraphic position could not be definitely determined. T he 
contact was drnwn two miles south of Holcomb on the basis of 
finding a few species of Oligocene fossils on T rap Creek. A 
con tact was ob,;cn·cd in the cuts of the railway just west of 
Pluvius Station on the divide between the headwaters of W al
lapa and Chehalis rivers. From this point it swings northerly 
as an i lTCg\,llar fo1e and follows roughly the divide between 
Chclrn.lis and North rivers. I t passes the headwaters of Vesb, 
Pioneer and Martin creeks on the southwest and R ock and 
Garrard creeks on the northeast. It continues on to the north
western side of C'hclu\lis Valley which it crosses near the j rntc-
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tion of Rock and CcdiLr creeks. Thence it extends nol'thwcst
crly tmtil it disappears beneath the drift covered arNts of Mason 

County. 
Ba alt occurs along the divide between Fall River a11d Wil-

son Creek in the northwest corner of Town hip 14 North, Range 
6 West. This has been mapped a Eocene but may po sibly 

be a Miocene flow. If so it lies in contact with the Eocene 

ba alts to tl1c east and cannot a yet be separated from them. 
The north limit of the Oligocene depo it lie in clo e proximity 

to Chehalis River. The contact cro ses cast of the town of 
~Ionte ano and wing pa t Bitter Creek and Wynoochec River 
in the north central part ot Tow11 hip 18 North, Range 8 West. 
West of this place it turns south and crosses Chehalis Ri ver 
east of Cosmopolis. 

The strata occurring in the south halves of Township 17 
North, R anges 7 and 8 West at·e in part lower i\1iocene. On 
Plate III it is included with the Clallam formation. Insufficient 
information is available to dete1·mine its areal limit . 

/

- GIO:OT,OG IC STHuC'l'ORE. 

The Oligocene deposits of the Grays H a rbor a rea have been 
folded i11to a series of nearly parallel anticlines and syncline. 
trending approximately North 50° West. Three synclinal 
troughs have been developed. The most southerly of the th ree 
extends fron1 the headwaters of Willapa River northwesterly to 
Grays H arbor. Fi' he south limb resting upon Eocene basalt. , is 
composed of sanely shales and sandstones whjcb near the town 
of VVillapa have a. strike nearly north a11d south and a dip 
varying from 10° to !W0 to the east. Su1·,·ey traver e lines 
were made up l\Iill Creek and the data obtained has been platted 
upon Plate III. The trata have an average strike of North 
60° ·west and a dip of ~0° to 30° to the northeast. Neal'ly 
all the observations r ecorded between ,'7illapa. and Francis 
show a prevailing northwest strike and a dip to the northeast. 
Rock exposures fo rming the north limb mtty be seen in the 
stream canyons on the road from Willapl't to Brooklyn. The 
average strike is North 45° West and tl1e dip ~0° to the south-
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cast. Observations made on the same limb along North River 
in Township 16 North, R ange 9 West show prevailing strikes 
of North 60° W est Md dips ranging from 18° to 34° to th e 
southwest": 

A second synclinal trough trends from the headwaters of 
North Ri,·er northwesterly to i\Iontesano. r Both flanks a re dip
ping at very low angles towards the axis and the trough itself 
i pitching to the north. South of Chehalis R iver in Town hip 
17 North, R anges 7 and 8 West, the strata become nearl.r flat 
and finally develop into four minor sho rt folds all trending 
northwesterly. The e!lstern limb of the main trough may be 
cut off from the undcdying basalts by n fault trending diagon
aUy across Town hip 16 North, Range 6 \Vest. 

To the northwest of l\Iontesano the Oligocene is fairly well 
exposed in place and while the strata arc not sharply folded yet 
there arc undulations which may be definitely traced as anti
cli111.l.l and S)rnclinal troughs. The positions of these folds have 
been designated upon Plate III. 

Outcrops arc well exposed along the 0 .-W. R. R. & K Co. 
track between South Elma and Cosmopolis. The strata in"olvcd 
arc presumably of lower nl ioccnc age but they arc grouped with 
the ClaUam formation on Plate III. About three miles cast of 

outh l\Iontesano an anticline cro cs Chehalis R iver trending 
North 55° ~ Tc t. Exposures of the northea tern flank in th,c 
0.-W. R. R. & N . Co. cuts strike North 50° West and dip 15° 
to the northeast. In the southwestern limb the dip is S0° to the 
southwest. 

Three miles west of this anticline and south of )Jontesano 
the nose of a synclinal trough has been deYcJopccl. It pitches 
South 45° East. On the northeastern side of the synclinal nose 
the sandstones and shales strike North 50° W c ·t and dip 85 ° 
to the southwest. rl'o the west the strike gradually becomes 
more ,vcsterly until due south of ~lontesano it swings around and 
becomes north and south, with a dip of 80° to the cai;t. In the 
grade cuts on Clcrnmon's logging road in Sections 19 and 20, 
Township 17 Nortl1, R ange 7 " 'est, the aYcragc i;trikc is North 
60° Vl'cst and the clip n\ngcs from 15° to 25° to the northeast. 
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l ·ro the west of thi!l synclinal axi. a nearly parallel anticline 
crosses Chehalis River one-half mile east of M elboume. It trends 

northwesterly and then tums iuld crosses W ynoochec Ri ver two 
miles south of its .junction with Bitter Creek. rl'hrcc miles far
ther west there is a synclinal trough and west of this the upper 

:i\liocene deposits re t upon the Oligocene iLnd lower )liocenc 

' tratu uncon formabl )'). 

r-A small anticline cros .. cs Wynoochee Ri ver in Section 16, 
"I'ownship 18 North, Range 8 '"'c t. The strata on the north 
flank clip at an angle rnnging from 8° to 15° to the northeast 

while those on the south flank have a dip of QI O to the southwest. 
About one mile south a shallow synclin~ has been formed with a 

trend_ of approximatcl.Y North 65° W est J 

In the southeastern par t of Grnys Harbor County a syn
clinn.l trough has been developed in the valley of Chehalis River 
from Oakville to Elma. It trends North 40° \Vest nnd pitches 
to the northwest . The strata involved belong to the middle 
Oligocene or Tunitella portcrcns is Zone. They arc resting 
upon the Eocene basalts which arc cxpo.·ed a t Oakville and in 
the Black Hills. On the cast side of Chehalis River ther e are 
bluffs of sandy hale having a strike of North 30° East and a 
dip of 6° to 10° to the nol'thwest. Thl'ec miles to the nor th, 
on Porter C'rcck, the dip increases to 40°. At this locality 
layer,; of basalt are interbedded with the sediments. No fossils 
occur and it is not certain whetl1er the interbcddcd sediments a re 
Oligocene 01· Eocene. 'ro the northeast the Oligocene deposits 
arc covered with sandstones and shales of upper :Miocene age. 
The outh limb of the synclin e has a prevailing dip to the nor th
eas't, a lthough in places as on R ock Creek in Section 17, Town
F> hip 16 North, Range 5 W est, it is nearly hori zontal or undulat
ing. On LanJrner Creek in Sections 925 tind ~6, Township 17 
North, R ange 6 W est, the shaly sandsto11 cs have a strike of 
North 60° West and a dip rnnging from 10° to 16° to the 
northeast. Nol'th of D elazinc Creek upper ~fioccnc deposits 

J ovcl'!ie the Oligocene. --:--
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A small i olatcd exposure of lowermost Oligocene occurs 
111 southwestern Thurston and northwestern Lewis counties. 
The area is designated upon Piute III as the Lin coln forma
tion. :\fore recent studies since the completion of the maps 
lrn.vc proven that the Lincoln forn1ation is lowermos t Oligo
cene nnrl represents the 1'Iolopophorous lincolnensis Zone or the 
Lincoln Horizon. The cleposi ts inc at least 800 feet thick 
and arc involved in a northwesterly trending shallow trough. 
Observations taken on the strike and dip between Lincoln Creek 
and H elsing Junction show a pre,1ailing dip ranging from 4° to 
12° to the south,vest. At a point three miles nbovc the mouth o{ 
Lincoln ('reek the strata arc dipping t.o the northeast. Fo1· 

some distance west of Helsing ,Junction the predominant dip 
is to the cast nncl northeast, itt angles ranging from 60° to 40° . 
The approximate position of the i\.xis of this trough hns been 
designated upon Plate III. 

A small exposure of sandy shale occurs in the banks of 
Olcqua Creek two miles south and west of 'Winlock. The fossil£ 
coJlectcrl belong to the :i\lolopophol'ous lincolncnsis Zone. The 
surrounding country is clcepl_y buried with gravels and sand and 
the lark of surface rock outcrops prevents areal mapping. The 
stra.tu ha\"c an 1weragc ;;trike of Xorth 20° West and a low dip 
to the northcnst. 

COLUMBIA RIVER AREA. 

GEOG ll.A PlllC DTS'CH IBllTTON. 

The Oligocene and lower :;\l iocene deposit have been mapped 
a s the Clallam formation in this nrca. \Vitli more detailed field 
s tudies in the future it m1\J be possible to make a i;cparation. 
These dcpositi. occupy a belt lllong the north side of Columbia 
River roughly 45 miles in length bJ 10 miles in width. 'l'he 
belt extends in a nearly cast to west direction from tl1c ocean 
to within ten miles of Cowlitz River. At the eastern end it is 
only two miles in width, while at Shoalwater Bay it is over 15 
miles. The contacts in most places arc only approximate. It is 
possible that some of the lavas occurring on Nuse) Rive1· whic'h 
have been mapped a Eocene arc in reality Oligocene. The 
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northern contact bas been drawn two mi les north of the mouth 
of N ascl R iver at the base of the basaltic ridge. Oligocene 

sha les outcrop i~t the mouth of the river ancl at varjous point,

a long its cou rse. Basalts also occur along the river at certiiin 

points. One of these is in Section !20, T ownship 11 North. 

R ange 8 We t in a deep canyon. The rock is lln agglomeratic 

tuff with intercalated narrow tongue::; of Jaya, The lavas lrnsc 

been mapped as Eocene and the . edimcntary rock a. Oligocene 
on the basi of fauna. . Just above the mouth of Alder Creek 
there arc a few poorly preserved fos. ii occurring in the tuffs 

which may be Oligocene. The Eocene~Oligoccnc contacts hnve 
been located on both the left and main forks of Gra.y. River a. 
well as on Skamokawa and Alockaman river:,. ~farine Oligo
cene fossils occu r in Section 6, Township 9 North, Range .!, 

vVest, on the west branch of Abernathy Creek. Sed iments of a 

similar cha racter containing n similar fauna occu r on Germany 
Creek, seven miles from its mouth. Doubtless i> mall patches as 

yet undetected exist farther to the east. 

T he south contact of the Oligocene and the underlying ba
salts crosses Alockaman River in Section fl, T ownship 9 North, 
R ange 5 ·w est. A narrow belt of basalt t rend. parallel to 
Columbia R i,·er from Skamoka.wa to Altoona. The contact 
with the Oligocene sediments on the north is indefinite. It is 
in part complicated by f.tulting. 

l\fa s ive cliff of basalt form the Cttpe at the north entrance 
to Columbia R iver. Stratigraphically above the basalts arc 
tuffs a nd interbedded sha les containjJ1g JoweL· Oligocene fossils. 
At Port Columbia opposite Astoria, massive tuffs arc exposed 
forming tl1c core of an anticline. Shales and massi,·e sandstones 
rest upon them. These nre presumably Eocene but no fossils 
~,·ere found to prove their age. They may possibly be inter
bedded with the lower Oligocene secliments. No attempt has 
been made to differentiate them from the C'lallam formation . 
N anow dikes of diabase cut the Oligocene strnht between 
Knappton and Grays Bay. One of the la rgest of these dike!; 
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outcrops on the north shore of Columbia River 111 ection 11, 

Township 9 North, R ange 9 W est. 
Basalts occur intcrcalil.ted with the shales and sanstones 

exposed at the south end of Long Island in Shoalwater Day as 
well as. 11.long the shores of Long I sland Slough. 

The Oligocene formations exposed in this area consi t of 
massive sandy shales, ancl in terbedded narrow bands of shale and 
sandstone. Some of the shale bands itrc thinly bedded and oc
cnsionally calcareous. East of Knappton on the north shore of 

Columbia River small nodules occur in the shale bands. These 
arc clecidedly calcareous and usually contain at theil' centers a 
small fossil or pebble. T he surface rock exposures ~ue usualJ_y 
clecply itltcrcd and often entirely convcrtecl to soil. 

Gl,OLOGTC S'l'RUC'l'URM. 

The Oligocene and lower Miocene strata of this area ha\'C 
been folded into it t rough-like basin extending neal'ly cast ancl 
west. Within this trough sub idiary anticlinal and synclinal 
folds have been de,·eloped all of which have a pre\'ai]ing north
west to southeast trend. I n Wahkiakum and Cowlitz counties 
the axes of the fold have an average trend of North 60° W est. 
T o the west in P acific County they swing more to the north
west. An examination of the cliffs along the north shore of 
Columbia River indicates a syncline to intersect the shore in 
, ection I, Township 9 North, R ange 9 W est. The intervening 
area 11orthwarcl to N ascl R iYcr is barren of 011 tcrops of such 
charncter thllt observation on stri ke and d ip can be obtained. 
The syncline probably crosses the river in Section 4, Township 
10 North, R ange 9 West. From observations taken iilong the 
sho re of Columbia River west of Knn.ppton an anticline seems to 
exist with a northwesterly trend toward Shoalwa.ter Bay. 

An examination of the small creeks emptying into W tt]ljcu t 
Ri,·er indirntcs the presence of 11 syncline between Bear R iver 
and Ihvaco with t.l trend of Korth 35° \tVest. The more pro111i-
11ent folds <>f this area have been inserted 011 Plate III. A more 
detailed examination of the district would probably show many 

other minor folds provided sufficient 1·0C'k exposures could be 
found. 
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CHAPTER Y. 

MIOCENE FOR)IATJONS. 

GENERAL STATEMENT. 

R ecent fauna! evidence indicates that 1t part of the deposits 
of western \Vashington formerly regarded by the writer as 
lowc1· Miocene a rc in reality Oligocene. The cxtl"cm.c upper 
portion of the Clallam formation as clcsignated upon Plate IY 
is characterized by the Arcn montcreyann fauna. The term 
ClaJlarn formation i;; now restrictecl to the Oligocene and the 
Arca montercyana Zone or ~ 'ahkiakum Horizon is retained in 
the Jowcr :Miocene. 

There is a marked unconformity between the formations of 
the lower and upper ~liocenc. The former occur in C'lallarn 
County between Pysht and ClalJam Bay as well as in Grnys H ar
bor County between 'i\lonte ano and Cosmopolis. Exposure also 
arc present in W ahki1tkum County on Alockaman Ri ver twelve 
miles north of Cathlamet. rrhe upper Aliocenc deposits are con
frned . to the Grays Harbor region 11,nd a small area in south
western Clltllam County near tlic mouth of Quillayute Rivc1·. 
The total maxiumm thickness of the 'i\lioccne sediments is not 
over 8,000 feet. 

LOWER MIOCENE. 

GllJOGBAPfllC PlS'.rBJBU'.l'ION. 

The massive sandstones and shales outcropping along the 
shore of the Strait of Juan de Fuca between P ysht and Clallam 
B ay contain a fauna di tinct from the older Oligocene faunas 
1:is well from the )'Olinger u ppcr :Miocene faunas . The rocks are 
predominantly massi\'C brownish gray i;nndstones which in places 
become grit or conglomerates. They exhibit distinct cross-bed
ding and give the appearance of having been deposited partly 
in"the form of sane! dunes. Carbonaceous bands occur occasion
ally. In Section !2.5, Township 3~ North, R ange 1!2 vVest a 9oal 
seam is interbedded with the massive sandstones and has at 
former times been worked on a commcrciiil scale. The lower 1\lio-
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cene deposits of thi area were largely formed under shallow 
water conditions. 

The lower Miocene of the Chehalis Valley between l\fonte ano 

and Cosmopolis is p redominantly composed or maS'sive sandy 

shales and shaly sandstones. They contain deeper water marine 

faunas than at Clallam Bay. The structural conditions oc
curring in this area have been described in the discu sion of the 
Oligocene. The lower .Miocene sandstones and shales outcrop
ping on the banks of Alockaman River jn Wahkiakum County 

have also been referred to and described in the chapter on the 

Oligocene. 
GEOLOGIC STRUCTuHE. 

Seven anticlinal and synclinal folds have been developed in 
the sandstones exposed between P ysht and Clallam Bay. On<' 
mile ea:st of Pysht R iver a11 anticline trends North 15° West. 
The strata in the eastern limb strike North 10° West and dip 
55° to the northwest. Immediately west of this locality and 
cast of the bluJf at the mouth of Pys11t River, the strike is 
North 9l9l 0 East and the dip 75° northwest. 

At Pillar P oint there a re massive sandstones in which a 
sharp synclinal fold has been developed. T he eastern limb at 
Pillar P oint stands nearly vertical and in places is even over
turned. Abou\ one and one-half mile west of Pilltu· Point a 
shallow anticline has been formed with a northeasterly trend. 
The two limbs are each dipping away from the axis at angles of 
15° . From this point westerly to the northwest quarter of Sec
tion 31, T ownship 32 North, R ange 13 West, the dip con
tinues westerly but increases to 60° . At this locality there is 
a closely folded syncline with a northeast erly trend. Both limbs 
dip 45° to the axis. Fifteen hundred feet west the same strata 
arc folded into an anticline on the township line between ranges 
11 and 19l. The axis is just one-half mile cast of the Clallam 
Ray coal mine. The strata cast of the min e strike North 19l0 

E ast and dip 15° to the northwest. West of the mine there is 
a small local fault. Four thousand feet west of the coal mine 
the sandstones a rc again folded into a synclinal trough. The 
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eastern limb strike North 26° East and dips 15° to the north
we t, while the western limb trends North '75° West and dips 
to the northeast nt an angle of 30° . One mile we t, the beds 
swing and strike ~ort.h rn° East. with a dip of 20° to the south
east. I mmediately west the same strata are again folded into 
an anticline and from its axis west to Slip Point the prevailing 
strike is North 80° W est with a northeasterly dip of 60°. 

A complete list of the fauna occurring within the lower 
1'1ioccne is included in the fau1rnl table of the Oligocene. 'I'he 
following species arc among the most common within the Arca 
montereyanu. Zone : .Arca 1no11tereyana Osmont, Chione securis 
Shunuu·d, D iplodonta, parilis Conrad, Pecten propatulus Con
rad, Pecten f'ucanus Arnold, T ellina arctata Conrad, Panope 
generosa (Gould), Plwcoides acu,tilineatus (Conrad), Spisula al

bciria (Conrad), T ellina oregonensis Con rad, V enericardia. 
qnadrafa Dall, Chione olyrnpideri R eagan, Chiorie clallamensi.r 
Reagan, Ficus clalla.rnensis W eaver, Crepid•ufo praerupta Con
rad, Fusinus stanfordensis (Arnold), Polynices sa:1.·ea (Con
rad), Siml1n scopulosullfl Conrad, Dentalimn conradi Dall ancl 
Aturia angustatt1 Conrad. 

UPPER MIOCENE 
310X'l'E$AXO FOH)I.\ TIOX. 

Geographic Distribution. 

T he :Montesano formation consists of itn assemblage of con
g lomerates and sandstones with subordinate amounts of shale. 
T he <lepo$its attain a maximum thickne. s of 5,400 feet. They 
are limited in distribution, being confined to two widely sepi1.
rated areas. T he larger is situated in the Grays H arbor region 
and for the most part north of Chehalis R iver . The smaller is 
in southwe tern Clallam County in the vicinity of the junction 
of the Soleduck and Bogachiel rivers. T he exact areal limits 
of the latter arc indefinitely defi ned. 

Li t hology. 

'I'he formation in the Grays H arbor region consists of a 
thick series of moclenitcly consolidated coarse grained, cross
beddecl, brownish gray sandstones which in places become gritty 
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or even conglomcratic. 'r he conglomeratjc belts usually occur 
in the form of lenses or tongues. The sandstones often arc shaly 
and in the canyon of Wishkah R iver pass into clay-shales. In 

the canyons of the two forks of H umptulips R iver interbcddcd 

JHH'l'OW bands of shale and sandstone are common. 
In the Quillayutc area shaly sand tones and gritty con

glomerates predominate. Shales and sandy shales occu l' spar
ingly. The sandstones are commonly cross-bedded. No ig11e

ous materials of contemporaneous ·origin rue known to occur. 

Stratigraphy. 

In the Grays Harbor area the upper :Miocene trata have 
a maximum thickness of 5,400 feet. In the Cape Elizabeth 
section north of the mouth of Queniult R iver the sandstones and 
. hales are 3,000 feet in thickness while in southwestern Clallam 
County similar deposits arc 1,500 feet thjck. Detailed sec
tions in these areas arc inclucled i11 the discui;sion of each district. 
I n the Grays H arbor area the ba al portion of the section i;; 
largely composed of shnle or sanely shale, while the upper pA.rt 
consist s of sandstones and conglomerates. T he ba. al beds in 
the Qncniult R iver cction ftre chiefl y brown shi1ly sandstones 
while the upper beds consist of nJternating belts of conglomer
ates and sandstones contain ing large fragments of carbonized 
wood. In the Quillayute ar ea the ba ·al beds arc congloniern,tic 
and the upper stn'lta more sanely or shaly. 

Fauna 

In the Grays H arbor nrea there is Ycry little variation 111 

t he geucral cl1an1.cter of the faun.11. from the base to the top of 
the formation . T he basal beds were deposited i11 somcwl1at 
deeper water and coutain some species which arc absent from the 
shallow water deposits near the top. The dcpo its outcropping 
north of the mouth of Qucniult R iver may be sl ightly younger 
than those to the. outh in . outhern Grays H arbor County. T he 
same may be said for the beds at the j ltnction of Solcduck and 
Bogachiel rivers in soutl1west em Clallam County. 

T he term Y oldia strigata Zone is applied to the faunas oc
curring within the upper Miocene beds of tl1c Grays Harbor 
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region. In other words but one fauna! horizon i recognized 
within the l\lontcsano formation . The following species are most 
common to this zone: Arca trilimeatci Con rad, Cardiwm 1neek

ianw,n Gabb, Jl'lacoma astori Dall, Mulinia altci ·weaver, Muli,nea 

wnd:ul,iferci (Weaver), Pecten coosensis Sc11urnard, Solen sicar
ius Gould, Yolclia strigata Dall, Argobuccinwm ca1mnani Dall, 
Chrysod01nu,s imiperialis Dall, Phaliw,n aequisulcal1lmi Dall, 
Sinwni scopuloswm Conrad and Scutella gabbi R emond. Al] 
the species occurring in this zone arc marine types. 

T he following table includes a list of the species kuown to 
occur ,,rithin the state and the d ifferent localities where tl,ey 
have been found: 



UPPER MIOCENE.• 

LIST OF SPECIES 20 46 52 60 61 68 9S 94 96 99 100 101 lll 
------------------ - - - - - - - - - - - - -

PELEOYPODA 
1 Arca trilinenta Conrad ............... . ...... • ... • .. . • .................. ··· 
2 Cardium corbis Martyn ....... ......... . ................ , • ...... , ....... ... , , .. 
a Cardium coosensis Dall ............ . ............. .............. . ..... • ....... .. 
4 Onrdlum mceklanum Gabb............ .... . .. .. . .. . .. . .. . .. . . . . .. . . .. .. . .. . . .. • 
o Chi one .securfs Shumard.. .. .. .. . .. .. . .. .. • . . . • • .. . • • • 
6 Ch lone blsculpta Dall ....................... ....... ...... • • 
7 Obion& Cheba.H.sensis Weaver ......... ... .. ............... * .................... . 
8 Chione montesanoensls Weaver ..................... .... • .................... . 
O 0ryptomyn oregoneosJs Dall ................... ..... . ... • .... . ............... . 

JO Oryptom)•a. wa$hlngtonensls Weaver..... .. . .. . . . . .. . . . . • ................... .. 
11 DipJodontn parills Conrad .. ................. • . .. • • • • ........... . 
12 Glyclmerls gabbl Dall..................... . .. .. . . .. .. . .. . • .................... . 
13 Leda ehebnllseusls Wc.·wcr ...................................................... . 
H Leda. ijJl. .. .. .. .. .. .. . .. .. . . .. . .. .. . .. .. .. • • • • .. . • • . • • • • ......... · .. · .... · · .... · 
1;; Macollla soota Oonrad..................... .. • .. . .. . .. . . .. • ........... . ........ . 
16 Macoma nasuta Conrad ................... .......... . " • .................... . 
1; Macomn montesanoensis Wea,•er ..................... • • ............... . .... . 
18 Macoma calcarea Gmel. .. .......... ....... • ............... ............... ..... . 
19 Macomn pierce! Arnold .................. ... ............. • .................. .. . 
20 Mactra coa lingensis Arnold.... . .. .. .. .. .. .. . • .. . • . .. • .. . • • • 
21 :.Uodlolus dlrectus Dall.................... . .. .. . .. . • .. .. . • .................... . 
2'2 Mytillus concloni Dall ................................. • .. ..................... . 
23 i\lytillus mntbewsoni Gabb................ . .. . .. .. . .. . . .. • ................... .. 
u Mulinea alta (Weaver) ............................... . • • ......... • ........ . 
25 )lulinea undulifora (Weaver) ............ : ......... ...... • .................... . 
26 )lulinea landesi (Weaver)................. .. . .. . . .. .. . • .................... . 
'!:7 ~lorcln oregoncnsis (Conrod) ............................................... .. .. . 
:?8 ~uculn conrnd! Meck ............................ • ...... • ... . ..... • ... • • 
29 l'noopo gcoerosa (Gould) ................................ .. .................... .. 
30 Phaco!des acutll!ncntus (Conrad)........ .. . .. . .. • .. . .. . .. . .. . .. . . .. .. . .. . . .. • 
:n Phncoldes nnnulatus (Reeve).. ......... .. .. . .. . • ...... .. . ....... . .... . ..... .. . 
32 Pooten coosensls Sbumnrd .. ...... .... .......... ................................ . 
3:$ Pootc11 nrnpntulus Conrad .............. .. ................................ . ..... . 
3-1 Solen sicnrlus Go11ld ......... ................ • ...... • • ........... . ........ . 
35 Solen conracll Dn II........ .. .. .. .. .. .. .. .. . .. . • • .. .. . .. . .. . .. • • .. • .. .. . .. ...... . 
36 Spisufa nlbaria (Conrad)................. .. . • • • .. . • . . . .. . • ..... ... ... . 
37 Spisuta. catHliiornll.S (Conrad) .......... . . .... .. .... . .....................•. ..... 
3S Semcle montcsn.nocnsls WCll\'Cr ...................... . ... • ........... . ..... . . .. 
30 'l'hrac!a trapczoldca Oonrnd ............................ . • ..... .... .. ... , .... . . 
40 ~'bracfn oregoncnsls Dal!.................. .. . • ..... . .............. . .......... .. 
H 'l'elllo>L klncaldil Weaver................... .. . . . . .. . .. . .. . • .............. . 
42. 'rclHna mc.rrhtmi Wea,,cr . . ........ . .. . .......... . ... . .... • ...... . .. . ... .. 
43 '!'apes staylcyf Gnbb...................... .. . • . .. . .. • .............. , 
4-1 Vcncricurdln cnstori D:lll . ............................ ...... • ........ . .. . 
45 Yoldin sub1nootcrcycosis Arnold ...... . ... • ........ ...................... .. . 
~6 Yolclio strigntn DnJJ .............. ......... • ... • ...... . ........... ... 

1 

... • 

47 A:;,~~J!~~!
0

~tnunanl Dall ............. ·. ·.·.·.· .. ··.·.·.·.·.·.·.·. ·• ·.· .. ··.·.·.·.· .. ··. · .. ··.·.·.·.·.·.·.· .. · 48 Argobu~,einum ('OOSCllSIS Dal! ........... .. 
49 Buthytomu gabbfnno Doll .............................. • ................. . 
50 Buthytomn bognclllclll Reagan........... . .. .. . .. . . .. .. . • ............. . .. . . 
51 .Oucciniuin bogttchielli Reagnn............ . .. .. . .. . .. . .. . • .............. . .. . 
o'Z Calyptrnen fllosn (Gabb)........... ..... . . .. .. . .. . .. . . .. • .............. . .... .. 
5,~ CbryijOdomus hn11erinllls Dall. . .......... . .. .. . .. . .. . .. • . .. .. . .. . . .. . .. . .. • 
5~ Cbrysodomw; bnirdi DaJJ................. .. . . .. .. . .. . . .. • ................... .. 
;;5 Ohrysodomus gfgonticus Reagn.n......... .. . ... .. . .. . .. . .. . .. . .. . . .. .. . .. . .. . • 
50 OolwnbclJa gaus1)ata Dall.......... . ..... .. . • ................................ . 
57 CrcpiduJn princep1r Oourud .......... . ........ • ... • ... • ... . ..... 

1 

.......... .. 
58 Oalllostoma stantonl Arnold ............................... .................... . 
59 Cymntlum onciflcum Dall ............................... • ... . ........ .... . ... . 
60 }:ulima 8mithi RJlagan .............. . ........ . ..... :.. .. . . .. .. . .. . . .. .. . .. . . .. • 
6, Enllmn wnshlngtoncnsls Reagan .... . ........ .... .. ........ . ........... . .... . . 
62 .Epl tonfum ruglferum Dall........ .. .. .. .. .. . .. . .. . .. . .. . • .. , . ................ . 
63 Fuslnus montC:l11noensls Weave_r ...................... .. . • ..... . .............. . 
6-J. Gyrlnenm syh•lncnsis Weaver............. . . . .. . . .. .. . .. • ..... . ...... . ....... . 
o;; Gyrinoum mwloree \'ar corblculatum oau .. . . .. .. . .. . . .. • ................... . . 
66 Llomesus su1cat11s Dall................... .. . . .. .. . .. . .. . • ......... ........ .. .. 
67 ~assn uadersonl Weaver.................. .. . .. . .. . • . .. .. .. .................. . 
68 Nassa nrnoldl Ander~on ................... • • .............. . ................ .. 
69 Nt'r,tunht. max:llclclf J.wagan............... .. . . .. .. . . .. .. . • ... . .. . .. . .. . .. .. . • 
70 Ollvella pedronon Conrad .......................... • ........................ • 
71 Pol)•nices gnJJnnol Doll ................................... • .. . ........... .... .. . 
7".I. Potynlces cJausn B. & S....... . .. ......... • • • • .. . .. . . .. .. . .. . . . . ' 
7$ Phul111rn aequlsulcatum Dall.............. .. . .. . .. . .. . .. . • . .. • .............. . 
7+ Rnnelln mnrshalll Reagan ...... . .......................................... ... • 
75 Sinum scopulosum Conrad..... ... ....... .. . • ....................... ... ...... . 
76 'J' bnls ctchogolnensls Arnold .... . ............ • ............. .. ................. . 
77 'l'urrls coosensis Dall .................... .. .............. ... ............... .... . .. 
78 Turris per\'er~a Gubb .................................... . ................. . ... .. 
79 Scutclln gnbbll Remoncl . ........ . . .............. . ........ • ... • ... . .......... . 
ro Deutallum conradl Dall .................... . ............ . .... . .......... . ....... . 
Sl '!'credo sp. .. .. .. .. . .. .. . .. .. .. . .. . .. .. .. .. . . .. .. . .. . . .. .. . . .. . . . . .. .. . .. ........ .. 

• Jo'rom ~ertlnry F11un11 l Horizons of Western W11sbi11gtoa, Unl,•et8lty of Wnshiugtoo 
Publicatloas in Geology, Vol. I, No. 1, p~. 32-S:l. 
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UPPER MIOCENE-Co~cLUDED. 

LlS'l' OF SPEOlES 18J 1$2 185 189193 104 lln 200 201 20'2 209 210 ill 215 
-----------------1·---- - - - - - - - - - -

PELE0l'P0DA 
1 Arca trilincnta Conrad .......... ...... ......... • .. . .. . .. . .. . .. . ........ · ·• · 
2 Oiudinm rorbis Martyn .............................. • ... • .............. . 
3 Onrdlnm coosensls Dnll..... .... . .. .. .. . .. ... .. . .. . .. . ... .. . ... .. .......... . .. 
4 Onrdlum mce.k:himun Oabb ................................. . ........... . ...... .. 
5 Olliono securis Shumnrd ........................ • ... • ... • ........... . 
6 Chiono bfscul()tn D11H................. .. . . .. . .. . .. .. . • ............ ... ....... . . 
7 Ch lone chehali~en~fs Wenver ................................................... . 
S Ohioue mootcsonoeosls Weaver ............. . ................................. . . 
!J Cry1ltomya oregoocnsfs Doll .................................................. . . 

10 CrYJitomya washlngtonensls Weaver ......................................... . . 
11 D111lndoutt1 pnrllls Conrad .................. • ...... • ....................... . 
12 Olycimorls gabbi Dall ................................ . ...................... .. . . 
l3 l.cdn chehalL'«!Dsls Wea1•er ............................................... .... • 
14 J.edn sn. . .......... ..................... ................ · .. · .. · .. · .. · · · · · · · .. ·, .. 
15 Maeoma sertn Conrad .......................................................... . 
16 Maromn nasuta Oonrnd ..................................................... . .. . 
17 Macoma montesanollllSis Wea1•er .................................... . .......... . 
JS Mncoma calcnren Gmcl ......................................... .. 
10 i\l ncomn piercci Arnold ............................... • ....... .. 
20 Mactra conllngensi Arnold ...... ... ................. • ........ . 
21 Modlolas directus Dall ............ .............................. .. 

I 
• 

::: ::: ::: ::: ... 
::: ::: ::: :::1::: 

2Z i\lytilllL5 condoui Dall .. .................. . .................................... .. . 
23 Mytillus mathewsoni Gabb............ .. . .. . • .. . .. .. . .. . • ......... . ....... . . .. 
24 i\Jnlinen nlta (Wen11er) ................ * ............ • ....................... . 
25 Mulinen undnlifera (Weaver) ................... ................................ . 
26 .Mutineu lnndesl (Weaver) ....................................................... . 
27 Morein orogonensiS (Oourod) ............................................... .... . 
28 N1wuln eonrndl Meek ................................. .... .. • .. . 
29 P,tnop(' genero~o (Gould)... ....... ... . .. . .. . . . • . .. .. . • ............. . ...... . 
30 Phncold~ ncutlllnratuil (Conrod) ... .. ...................................... ... . 
31 Pho1·ohles unm1lnt1Lq (R~,,e) .................................. .. .............. .. 
:~t Pertcn 1·00;,ensis Shum,ud............ . .. . . . . .. .. . .. . .. . .. . .. . • ...... .. ..... .. 
83 Pc,,tcu l)ropntulus Ooorurl ............ • ......... • .......................... . 

t ~~::~ ~~~·:~~~ g~t'.{~::::::::::::::::::: ::: ::: ::: ·•· ::: ::: ::: .... ::: ::: ::: :::,::: 
36 Spi.:mln nlbnrin (Oonrnd) .............. • ...... • ... • ...... . ........ , ........ . 
87 S1ilsu1t1 cntflllformls (Conrad) ................. • ............ . ................ . 
38 Semele montesnnoetl.~ls Weaver ................................ .. 
;JO '!'br,1rln Lrnpozoldr;, Conrad ................................... .. 
40 'l'hrncin orcgooeu~l;, Dull .................................. . ..... . 
H 'l'ullfnu kincniclif Wen,·er ....................................... . .. 
42 •1·~uhrn nwrrluml Woo Yer ............................. , .... ...... . 
J8 '.J.'npcs stHleyl G-nbb .................... ....... .................. .. 

: : : : ::I::: . ; .. ; . 
... --· 1-- · ... . .. ... ... ... ... .. . ... ... ... ... .. . ... ... ... ... .. . 

44 Vcm·ricnr<liu custori Dall ..... ............................. . .... .. 
45 \:old!n &ut?mo11Lereye11sfo Arnold ............... ·;· ...... I ....... .. 
411 \ oldio str1got11 n,,11.. .. ............... .. . . . . .. . .. ........... .. 

(MS'l'JmO.POD.\ 
•17 Argobuc•rfnnm cnmmnni Doll .............................. . .... .. 

... · 1 ...... . . ... . .. . . . .. . 

... ·~· -~- ·:· ... 
48 Argobn<i-lnnm c·oo.•ensL~ Dnll ......................... ... .......... .. ........... . 
49 flnthytorno gnbblnon DnU .................. ... .............................. I .. . 
50 Bnthytomu bogMhiclli Reagan....... .. . .. . • .. . .. .. . • ............. .. 
51 Uucdnlum bognrhicUI nengnn..... ... . . . .. . . . . ... ... . ............. . 
52 C'1,IY1>troeo Olos11 (Gnl>b) .......................... ... ..................... . ... .. 
r,.1 (' hrY$Odomn~ hni,crlollli! Doll ............... . ........ • ...................... .. 
;;;t Chrysodomu.s balrcU Dau . ..................... ... ........ . .................... . 
r,5 Cll1rysoclomus glguntlc·ns Reagan ....................... ......... . ............. . 
ii(; Oolurnl>C!llu gnu~puta Onll ................... . .................... . ............ .. 
o7 Crepldulo prlnt-e11s Oonrncl ..................... • .. . • ... .. .... ........... ... . 
68 OnUio~tomo stantoul Arnold......... • ..................... . .......... . .... .. 
50 Cymatlum 1•Miflcum Doll ..................................................... . 
60 Eullmn smith I Reagon ...................................... ... ........ .... .. . 
m 1-:ulfmn wnshlngtoncnsli! Rengnn .......... .. .. ................ ...... ........ . 
62 l'=!,ltonftun rugifcrurn Dall ... .......... .............. ........................ . 
63 Fuslnu.s montcsanocusis Weaver ...................... ..... ................. . 
61 Oyrlneum ~yh·incnsls Wc1wcr .................................................. .. 
G;; (lyrlneum nw<liorce n,r corbiculntum Dall . . . . . . . . . . . . • .............. . 
60 LJomesu~ sulcotus Dall ........... . .................................. 

1 

........... . 
07 Xos..sn nnclcrsoni Weaver ................... , ........ · .. T .. · · · .. · · · · .. · · .... · · .. 
68 Nnssn nrnolcl l AU(lorson ........................................................ . 
6'J Nc11tunlo mo"1leldi Reagon ............................................ .. . . ..... . 
70 Ollvcllu pNlronna (' oororl. ............ . ........................................ . 
n Polyui<-cs golinooi DnU............. .. . . .. .. . .. . .. . . .. • ......... 

1 

.............. . 
72 J>oJynlt'CS ('IUU.,!O D. & $............... . . . . .. .. . • . .. • .. . • ................. . 
73 Phollum acquisnlcntum D11JI .......................... • ............. .. ........ . 
'i4 Rnnc.lln morshoJU (Wogan ............. ....... . ................... . ............. . 
75 filuum 8Copulosum Conrad ..................... • ............................. . 
70 'l'hnis etchegolnruisls Arnold . ........ ............................. · .... ·I .. , ..... · 
77 '.l'urrfs coosensis Dull. ................................ . ................. 

1 

...... • 
78 'J'urrls 11crvors1, Gnbb......... ... .. . . . • ...... . ..................... . ......... . 
70 Seu Lella f:'Obbil Remood .................................. :

1

1 ......... . .. ... ....... .. 
SO Deutaliu1u conrndi Dtl ll ................ . . . . . . . .. . . . . . . . . . . . . . . . . . . • 
81 Teredo s11. .. ......................................... ·'-·-· _._ .. '-'-" - '-'-'-·-· '-:_:-': c...: _: :_1 _: :_:'-:_:-': _. _ .. 
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GRAYS HARBOR AREA. 

Geographic Distribution. The upper l\liocene formation m 
the Grays H arbor region lie almost entirely north of Chelrn1is 

River and within the drainage basin of Satsop, W ynoochec, 

Wishkah, Hoquiam and HlLmptulips rivers. From the Hump
tu]jps westward to the ocean all of the bedrock formations arc 

covered with Pleistocene fluviatile deposit con isting of sands, 

gravel , and clay . The older Monte ano formation, however, 
reappear. on the Queuiult Indian Reservation north of Point 

Grenville and in the vicinity of Cape Elizabeth. 
The south contact with the Oligocene is designated upon 

Plate ill. Its position i only approximate and has been de
termined partly on a palaeontological and partly upon a lith
olog ic basis. The eastern contact with the older T ej on basalts 
is very indefinite. 'rhe bedL"Ock formations a rc in most places 
heavily covered with deposits of glacial drift. Occasionally 
small c.'-:posures of basalt or sandstone occ111· nnd it is by trac
ing the approxjmate lines between these that the contact on 
the map has been determined. 

The north contact with the T cjon basalt has been definitely 
determined at certain points as in the canyons of vVynoochee, 
Wishkah, and Humptu]jps rivers. Between the e points its 
approximate position ha~ been determined and located by an 
examination of the exposures in the smaller creeks. The con
tact presumably extends northwesterly and crosses Queniult 
River near the ba a1t exposures in the Burnt Hills in Section 
1~, 'l'ownship ~~ North, R ange 11 West. The western contact 
has been drawn onJy approximately and west of it there is no 
means of determining what the underlying formation may be. 

Character of Outcrops. The surface topography of the 
area just outlined is rolljng and heiwily veneered over with rusty 
colored gravels and sands. This plain has been dissected by the 
Satsop, \Vynoochce, \Vishkah and Humptulips river . Along 
the ba nks of these streams the bed rock is in many places ex
posed. The sma llet· cr eeks sometimes cut into bed rock but 
more often only into the fluviatilc sands and gravels. The 
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original pre-Pleistocene surface topogrnphy was undulating. 

The deeper depressions were filled with thicker accumulations 

of Pleistocene gnwel and sands. Where the present rivers 
cut u.cross these areas, as a rule, bc<l rnck has not as yet been 

intersectec.l. VVherc the rivers !awe cut down into the older 

formations, high hluffs arc sometimes present. Occasionally 

the rivers flow in deep gorges as in the upper pa1t of the W y
noochec Yalley. This is especiaily true farther north in the ba-

1mltic nrCA.s. 

'teepcr bluffs arc situated along the south side of Chehalis 
River and c..xcellent exposu res of the formation may be seen in 
the railway cuts and excnvations. In Township 18, North, 

R ange 7 and 6 West, very little overburden of gravel tuid sand 

is present. The typical coarse simdstoncs of the .\lon tesano 
formations a re well exhibited. A ltu·ge part of the lll"Ctt has 

been logged off and numerous rock cuts have been made. Thi 
is also true where the . maller streams emptying into Satsop 
River have cut clown into bed rock. Almost continuous out
crops may be seen in the logging railroa<l cuts along Syhria 

Creek north of l\[ontesano. Thes<' cxposm es rapidly pass into 

soil a.fter having been c~--posed for some time. On the west and 
n1icldfo bninches of Wi hkah River, good outcrops occur in the 

banks of the sb-cams fro111 the basalt contiict on the north south
ward to Grnnd Forks. Often these appear 011ly a few feet above 

the be<l of the streams and sometimes a rc scpat·atcd by gl'avd 
n rcas so that the ~lontcsuno formation docs not appc1U· at 1111. 

Similar exposures occur <>n Humptulips River from the basalt 

contttct in Section 85, To,1•nship 21 North, Rm,gc 9 W et, west

erly to the junction with the west hrnnch of the same river. 
From that point to Hump tulips City the arNt thl"ough which 

the Humptulips flows is flat and graYel-covered and no bedrock 

bluffs occ·u1-. One mile outh of Humptulip City rod, exposu re 
reappen.r but from th,d point to its mouth tl1cy arc deeply co,'

crcd wi th gravels and snncls of Pleistocene ngC'. 

Beginning iit n point three miles cast of Aberdeen the Montc
:'i1t1H> formation outcrops almost continuousl_v to Roquia1n a,nd 
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beyond for some distance. Both the \Vishk,th nnd Hoquiam 

riYcn, haYc cut thmugh it. About three miles north of this belt 

tl1c country merges into an undulating flat-topped ph1.in hcaYily 
covered with gravel. \"cry few bedrock exposures occur in this 

region. On the south :-ide of C'hclrnlii- River from Coi,pomolis to 
\Yest Abercken and for three miles south, the massive sand

stones of the :Montesano formation a rc conspicuous. Farther 
south the countr.v is hM,·ily timbered and covered with gnwel 
and ,iand. 

Litholog.lj. The upper :\Iiocene deposits of \'Vashington arc 

largdy composed of materials deposited under cond itions rang

ing from shallow water to tluit of modcrntc depth. Coarse 

grnincd brownish gnt? sandstones p1·e\'ail. Often these become 

gritty and loca lly pass into a fine conglomerate. C'rol'is-hedding 
is ch,tntdcristic of the scric;;. The shales, when present, are 

gcncnill.v bedded and often ronbiin intcrrulatecl layers of sirnd

stonc. Occasionally hard nodules arc developed in the shales. 

The shales are fine-grained and of ., bluish gray color. Typic.:t! 
exam plcs of the sanclstotll'S may he seen in the street cuts of 
Hoquia111 and Aberdeen, on Sylvia ('reek back of 1'Iontcsn1w 
ancl on \' ancc Creek between Sat sop tind Elma. The . hales 
which arc n1ost pt·01nine11t in the lower portion of the series arc 
best developed on tlw u ppcr coursrs of Wishkah River. They 

also oc(·ur on the Humptul ips Hi,·cr ahoYe the junction of the 

west 11.nd cast forks, on the latter. 

Geologic Structure. The prevailing structu re wltid1 the 
strata of the :\Ion tcsano fo rmation assume in this arc1i consists, 

in common with that south of Gniys Hnrbor, of a series of 

1lOrthwcst to southeast anticlinal tuicl synclinal folds. 
D ctai lecl tn:L,·crscs 1rcre run along the Humptnlipl-i, 1Vi!-h

kah and \Vynoochce 1·in•n,. The strata wcrr measured and the 

~trikes and dips rccorclccl. The positions of the anticlinal and 

synclinal axes lia,·c hccn designated upon Phttc Ill. 
At Humptulips C'ity in Section 7, Town,;;h ip QO North, R ange 

10 ,vest, an anticline crosses the riYe1·, trending North 60 

\Vest. On the north limh the shales a rc dipping at angles 
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ranging from 60° to 78° to the northea t . On the south limb 
the dip is 85° to the southwest. H ow fa r this anticline extends 

to the northwest or southeast cannot at present be determined 

a s all bedrock exposures a rc obscured by the overbUL'den of 

Pleistocene gra ,,els and ands. 
In Sections 1, ~' and 3 of the same town hip and range an 

anticline t rends nearly parnllel to the river for two miles and 
• bears off to the southeast. Observation how it to cut from one 

bend of the river to another. Rock exposures arc almo t con

tinuou and observation taken on the north limb of the anti

cline how it to dip from 4!0 to 89l0 to the north and northca t. 
On the outh limb the dip varie from 35° to 85° to the south
east. On both flanks the dip varies from point to point along 
the trend of the anticline. About half way between the two 
anticlines just described a synclinal trough is assumed to exist . 
No exposures arc present in this region and its exact po. ition 
and extent cannot be dctermjned. 

In Section ~O, Tow11Ship ~O North, R ange 8 West an anti
cline crosses Wishknh River, t rending N01·th 70° W est. T he 
11orth flank is pitching to the northci\st 11t an angle ranging 
from 30° to 60°. The south limb dips 54° to the southwest 
towards the axis of a paral lel synclin e passing through the ex
treme northeast corner of Section 31, same township und range. 
South from this synclinal axis fo r a distance of three miles, the 
strata arc dipping to the northeast at angles ranging from 17° 
to 1-1<0

. In Section ] ~, Township 19 North, R ange 9 W e t an 
anticline again crosses V\Tishkah River trending in the same di
re.ction. South from it the gravel and sands become thicker 
and deep er and bed rnek exposures in the river banks a rc not 
so common. . 

The southea tern extension of the last anticline described, 
crosses W ynoochee River in Section fl8, T ow11sbip 19 North, 
R ange 8 West. The intcrve)1ing area between the \ 'Vynoochee 
ancl Wishkah ri,,ers is largely devoid of bed rock outcrops so 
that the underly ing structure cannot be definitely determined. 
To the cast of \tVynoochee R iver the outwash from the P uget 
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Sound glat'inl field t'OVCI'. tlw region :so thickly t.hnt no attempt 
has hcc:n mmlc to work out definite stnicturc. In Township 18 
North, Range 7 West, cxposu 1·cs arc fairly nbundnnt n:ncl the 
,,frata arc dipping at low m1glcs ranging from 5° to 15° to 
the north. On tltl· east fork of Sab;op Hi,·cr in Section 5, T own
,-hip 18 ~orth, Range 5 ,-vl·st, the strike is ~ortli 75° \Vc,,t 

nnd the· clip ~O " southll'cst. H is poss ible that a ,;ltallm1· syn

dinal trough trends northwc,.t to sm1thcnst between thcsl• two 
l<1cali tirs . 

Strrlfigmplt,IJ. The fo llowing strntigru.phi c scc-ti,m hm, hcl•n 

111casnrecl from exposures oc<'urring nlong the middle fo1·k of 

\Yisl1kah rin:r. T he hasc of thi:,; scdion lies in Section l .J. , 
To1vnship H) North. Hangc ~) 1.\'cst. 

\\'l:,.JlK.\11 Ut\'lm 'L'HA\' f-:HSE. 
l·'t"(' ( 

J!lui~h ;.:-ray t-httf P • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • •••• ;.m, 
1;rn, ~lwt~· ;s:1nitsrn11u I FM;<II Lot·. 1 li· l Hll. . ............... :;;;o 
Hr<•wu ;.rt·nr "nud~ton•---t·•nu.·i·•·tlnnury ... ..... _.. .. ...... . . :?fte • 
Hinish ;:rny. Rhnly snnllslmw ••••••....••....•••••.•••••••• ;;;;11 
)ln,.,lw• gray ,:;i11dsi11n,· ( Ffis•lf l.o(•, l :!l l .... ............. 1011 
1; 1·11y i<hul,\' >-:111,lslfim• ....... . ................. .......... 4;;11 
nlm' i;rn,r l11ndn1ltt•tl 1'MHl.1· -<hu ll' ••• ,,.,,,,,,, •• ,, • , , • , ••• 1011 
,-:1·0.v :.:nn<l)· fihnlt.._. . . • . . . . . . . . . . . . . . . • • . . . . . . • • . . . . . . • .. . . . .it• 

~flnChilOJli\ wllh IIO<lu lf'!~ .. . . •. . • ~ ••...•..... - .... - . . . . . . . . HO 

~nnd .. tont• r Fossil I "'t'. I:!:! I . . . . . . . . . • • . . . . . . . . . . . • . • . • . . . ~00 
t:l'n,1· ,,111di<tu1w • . . • • . . . . • . . . ....... . ......... ..... , ...•. t ao11 
(;l'U,I' ~11nfl,1• i<h;tlo• ( !,'(),<.~if I.tit', 1:!:i).,.,.,,.,,,,,,,,,.,.,,. :!1111 
::-:1111,ll<t,llh' •• •• • •• , • • • • • . ••••••••••• . ••..••••• , ••••••• , !)00 
t ·nu~tonwrat,• . . •.•.••. ...... .. ... •..••••. .. ••..•....•. .. -WO 

llnlW o( SPCllo n lll "tll l fOII .!C:!l. 

T11f:tl. . .•.••... ... .••.•.••• .. ..•••..•• ,, , .• , .• , , ;,~i;o 

To the 11ortltwest in the lo11•cr mile_,~ of Q11c11i11lt Hin~r tltc 
upper )Iiocene stnita ltave been folded into a shnllow sync·limd 
trough which pitches inland in a northeasterly direction. Minor 

folds e."\: ist on tl1c fl anks of thi. :.rndinc. In ection l~, Town
ship ~1 ~fort It, Runge 13 VV est, n ,;mull lund sync-line and anti
c Ii 11c Jui n • been formed whose nxcs b·l•nd nortl1ei1st and sou tl1-

wcst. In Sl,ction 3-4-, Township 22 };°ortli, R 1tngc 13 "\Vest, 

ti smnll fold in tltc natmc of a 11101wcli11c pusses from the 
shore outh of C'ape Elizabeth in a nortliMstcrly rliredion. .A 

fault exists trending from n point on tltc C'o11.st about onc 111il~ 
s 
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north of the Ca.pc southeasterly to the big bend in Qucniult 
R iver in the southeast quarter of cction 6, T own. hip U North, 
Range Hl West. A block of the Hoh formation lie on the 
ca tcl'n ·idc of the fau1t plane i1J contact with the upper J\lio
ccne strata. East of the Hoh fa.ult block tbc 1\Iiocene gravch, 
and sandstone. again appear. The easte rn portion of the 
Queniult Indian Teservation affords no opportunitiefi for de
termining the structural condition of the uppcl' i\Iiocenc strnht. 

Near the mouth of Queninlt River the upper Miocene strata 
arc well expo ed. From a point nbont one mile north of Cape 

Efombeth south to the mouth of the river ,t detailed . trati
g1·aphic section has been mca. ured. Tl1e top of thi. section 
is located along the shore north of the mou th of t he river ,md 
the bn c n.t the fa.ult conhict north of Cape Elizabeth. (Plate 
XXYI, XXYII, XXYill and XXIX.) 

'L'ov Pt•,•/ 

~hnl,,· ..;nucls tonc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 
~[Pdiuru g1~ain(1d coogtorncr:li('..... . ... . ... . .. ............ . 2,i 
81111d:.· ~1,i,lr ........................... . ........ , . . . . . . . :! 
('ulli:lonwratr .... · - · . .. ...... ..... .. ......... . .......... 1 , 
~holy ~1:1ucl::.ton<- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 'i 
, ,onµ:lou1pt·nte . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 
H:\tl(lsto,w with len~cs of con glo mcrn1e.. . . . . . . . . . . . . • . . . . • . 14 
:-odulur «11ndRtOn(' . • . . . . • . . . . . • . . . . . . . . . . . . . . . . . • . • • • . . . Jl 
)lt•clh1m grnln<'d couglonwrah• ......................... .. .. 
IT1trd $1111d~ton1> . • • . • . . . . • . . . . • • . . • . . • • • • . . . . • • • • • • . . • . . . " 
( 'ou f);lonwrnt<• wllh ln rg~ p('l1hl1•,;.. . • • . . .. . • . . • . • • • . . . • • . . . 111 
!':ha.le ................... ....... , ... , .. · · · · · · · · · • · · · · ·.. ·' 
Cone.rt· tlounr.v slJa le· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . au 
:.!Nllum g rnh11•d (·OnglOlll<'l'III ~ ...••....•• • , , , , , • , • . . . . . 1 :! 
~hnh• - · ........ . •...... ... .. ........... , . • . . . . . . . . • . . . . :10 
Cmu·i;e ('Ooglom,• 1·au• • . • • . . . . . • . . • • • • . . • • • . • . • . • . . • • . . • • . 8 
Hun(ly ~hal,• . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.i 
1 ·ooglomernt(' . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 10 
$andy s hale .... •........ ........... ..•............. .. .... 1:; 
1,ooscly cou~olldnlr<l cnogloroerntt-. . • . . . . . . . . . . • . . . . . . . . . • . :lO 
H:rndy shah· . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . • . . . . • • • . 1:. 
)(r <ll11111 ~r,1lncd cong lomi,rat r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
f;h11l,1· s >111dst'on C' w-fth noclules. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 1 ~ 
l•'ln<' conglomernt(• ................ · - ·.................... :1 
Snndy s hol C' . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . n 
('onglomN·:11P . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . H 
Aaodstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • • • • • • . • . . . . . . .• 
C'ougloml'l'f1 tc . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
f;and.v shnl(' 11ud clny noclul,;s. .... ....................... ., 
Coug lomC'mt.· with a rcw ,1111,11ln1· pc·hh lr~...... . .. . . .• ...... ::;; 
Rand;i- fiha le . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . 111 
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~l ~dlu m ,:ruhw1I 1~111,:lo tncr,Hl• . . . . . . . . . . . ...•..... . ....•. 
Shnl.1· i<u111ls to 11,• . ........................••.•... . ......• 
1 ·on11lnm<•ru le with tin •· lny(•rli or s11nds tom•. . • . . • • • . . . . . . . . 
Slluly •ondstonc . .. .. ...• .. ...... .. .. . ... . ...•. , •.•...••. 
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( "QU~ lcl nt<•rnl ~8 ....• , .......•.......•.•••... . •.•...••.•• 
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)h1;isll·,• ~haly s ands tone . . . ...•...•.•.•........ . ........ 
lntf'l·cnlut,•d s ·md~to1w a nd eon glome rn1,• •...••.. . . . . . . .... .. 
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)fnxslvc nwdlnm ..:rn luc•d sttnds t on r• coutnln ln,: h &. rd nodules .•. 
t · t,fll'S1• t•on~lom,,ro tC' ... . ... . .. . ......... ....... .......... .. . 

Nod11l11r i<hnh• . .. ...••..••.•••••.•.••••.•...•••..•••••• 
) l a!l~il·,• m ,•11111111 ,::rah1t•d s nndy ~h1\k o,~·nr r lni; 111 t lw k<'yllol.: 
isnntl., ~h nl r •.•...•••..•...••...•.•... . . . ..............• 
)lt·dh1111 i:;ruhw <I c•m;,lonw r,u,• • . . . . , •......• . .....•..•.•• 
) lcdlnm i;ruluc•d ~hut.,· s n ods tont• .••.. • ...•••.. • •... . ....•.. 
i- bo l,· s uod~to n,• . . . . ...............•••...• •• • •. ... •••. . 
Pine ,:.-utu ,•d Afln ly suu(lijt<m1• . .... •.. • ..•..••• • ••••..•••••• 
t1oors1;• g-rnhw,t ..;n11cl~ton11 ..•.. .•.........•.•.•• • ...•..•.. 
:-;un,1.,· 1oCltnl•1 •••••• _ ••••••••••••••••••••••••••••••••••••• 
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Shnly ,.:n1ul:-:to1u·· • . • • • • • • • ..•••• . •.•••••••.••••••.•••.••• 
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Shnlt• 
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QU1LLA YUTE AREA. 

Geographic Dist ribtd ion . U ppcr "i\J ioccnc str11.ta outcrop 

al sc,·cra l localitic,; in the viC'inity or the junction of the Ilogn
chicl and oleduck rivers in outhwestcrn ('lulla111 County in the 
central portion of 'l1ownship ~8 North, Range H Wc:t. Thr 
exact contact bounrlarics <·11n be only approxbmttclJ determined 
as the outcrops arc few i11 nnmbcr. T he greater part of the 
country i. covered witl1 soil and undcrgrml'th. It is probable 
th1:lt only one a rc~l cxi t and it approximate contacts have been 

indirntcd by broken lines on Map A, Plate I\'. 
Character of Ou,tcrops. The surface outcrops arc confined 

chiefly to low bluffs on the bank. of BogachicI allCl Soleduck 
rivcr1-. On the Solcduck Ri ver i11 Section l(j, Township ~8 
North, Range 1-J. \'Vest, outcrops of sundy shale and shaly i:mnn

stonc occur whi('h in place<; are fossili fe rous . These cxposu n:s 

Krc located 0 11 the left bttnk of the stream in cliffs about twelve 

feet in height ,rnd ex tend for a disttince of 500 feet. rrhey arc 

covered lUH·oufonnably with river g ntvels aud boulders. A num

ber of s imilar exposures outcrop on Bogachicl Ri ver in Sections 

~7, ~8 and ~9, same tmn1ship and range. 'fhcy occur in the 

forn1 of low bluffs along the banks of the river ancl contain 
marine fossil molluscan remains. 

Lithology. The upper 1\Iiocene s trata in t his region ,trc 

ent irely of sedime11tary 01·igin and wer e deposited in a m1trinc 

cmbaymcnt. They consist of sandstones, slrnly sunchtones 1mcl 
sandy sha les. The sandi,tone is verJ' compact, medium g rn.ined 

and when unwea.ther ed of light g rny c·olor. It i,, har<l and re

s istant to weathering. 1' hc shales arc of 1i brownish gray color. 
somewhitt massive and weather in angular frag ments . They ,u·e 
uot hard, but rather tough. Occasional gravelly 01· gritty In.y 

en , or lenses f1,rc intcrbeddcd. The thickness la.ls not been 

t•xactly dctcrntim~d but approximates a t least 1,.500 feet. 
The strata assume ,·cry Jow dips ·o that whcrc,·cr expo urcs 

nm_v be seen rdong the river ban ks not over ten or twch·e feet of 

n. section can be measured at a n)' one place_. The 111atcrials do 
not vary i11 the seC'tion ,d any particular locality, con,-cqucntl.v 
no drtni led section. of the fo rmation h,w c been made. 
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Geologic Strucflirc. The itppcr :\ [ioccnc fl,S represented in 

this 1·cgio11 rests nnconformably upon the H oh fol'nrntion. Ob

,4.:rvntions bikcn upon outcrops along Bogachicl Hi vcr show the 
prevailing st rike to be approxinrn.tel.v North 70° ,vc t 1ind the 
dip 10 to lii to tltc nort!tcast. Obser vations ht ken on Solc

du('k Hin-I' iJ1dicu.tc a si111ilar st rike with a very low dip to the 

south. Apparmtly these strata have been folded so as to con
:,.titute a shallow syncline with 1111 11xis trending n little north 
of west. The area now exposed presumably l'eprcscnts only the 

residual of a formcr l_y U1uch more cxtensin' deposit. It is possi

ble thn.t small patehes may ex ist farther to the north which so 

far have csc·apcd dt•tcction. Tlic <'ountry j,, low nnd flat 1u1<I 
oukrops nrc few. 

These . cdin1e11b 1n•1·c deposited in a basin or inlet from the 
ocean which wns developed 1lt some time uftcr the 111id,Uc :l\lio
ccne mounbii11 making moYcments had t,tke11 place. T he seas 

apparently were not clccp at any time so only sh11.llow 1nttcr 
spcrics of mollnscs arc found. rl'he climate ,1s interprcte<l by the 

types of life present was colder tl11rn during the lower ?llioc·cnc. 

It was prolmbly very similar to that of the present timc. 

F"una. The fauna ron. ists of 10 species of Pelccypodi. aud 

Gnstcrpocls. Nearl.v a ll of these were coll<'rtcd from locality 
numbers 111, l Hl, l l S, 1 H , 1md 115. The largest collection 

came from the bluffs on the south side o/' l3ogachid R i\'cr in 

~cction 9l8, T ownship ~8 Nortli, R i1.11gc ·1.J< ,vest, where a small 

creek enters the l'ivcr from the south . Along this bluff is thl• 
old abimdoncd d1tu111el of )faxwell ('reek. The exposu re. for 

some distnncc up Maxfield Creek arc not n pnrt of thl' uppcY 
i\Iioccnc but rather of the H oh formation . T he follo"·ing fo.una 
were rollected from this locality. 

Pl:JLf,JCYPOOA 

Cfl1'11l11m ml!t'l;iunum Gnhl, 
f'hitJnt xl'r11,·iR Shum 
f>h11Mi1fr•1J 11r11/ll/11111111,. l'our,ul 
Yolrlfii 11/l'lfl'''" llnll 
Y,r,•11/11 IC, f. ('(l11N11/i lfr,•k 
SJ)if/11/1• 11/bfll'ifl Conrod 
lf<tl'lm 1•1Jnli 11111 Ilk/" Arnold 

. I 1'tJ1t lrlllur(l/11 Conrad 
Rpt.•11111. r11 t llifM·111ii1 Conrnd 

GASTl~HOPOO.-\ 

11,wl'i11/11111 !Jt,{/ll/'/1/l'III Hc•agnn 
r•111·11xotlo111118 ttlu11111ir1,,. Heagnn 
Cl11·11xr11ffl111111< i111111wiuli1< Doll 
8111/ma w11xhi11ut1111l111w ll<•ngnn 
/iJullmu Hmifhl Hc,u,;nu 
sa.tica clrrn*<1· II itnd ~ 
Hr1111·1/11 lm11·~/1111/1 H~ng,111 
P011)tilCf8 lt'trlff!i 
Olfrf'/1(1 o cdi-0111111 l'onrnd 
l'11ly11i1·1·1< flfflian,,; 111111 
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FrnuRE A.-Upper Miocene Sandstones Looking South ~,rom Cane 
Elizabeth Toward Quenlu1t River. 

Frov,u: B.-Upper Miocene Sbale Looking North From .Point Gren· 
ville Towards Queniult River. 
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Of these the, most c·ornmon species al'C Spisulo albaria, Svisula 
catiliformts. Chr.lJSOdomu.v imvcralis, Chio11t· ,yccuri.~, Chio11e 
mer!.·imwm and l'oltlia .~trigata. 

:'iXOQli.\L.\l l liJ tHlA..~ODIOR l'.rt,;. 

Outcrop:; of grnnodiol'itc arc cxpol>ecl at the surface ,Lt 1111111_,· 

µoints in the western foothills of the Cnscnd<'i-. They were in 
part formed at or near the c-lo!'ic of the ,Jurn::.:,ic period ancl it l 
part dnring the later portion of the i\IioC'enc epoch. The former 

luwc h<•en dcsc·ribccl as the Inclex grnnodioritel>. The latter u.rc 
exposed in eastern King C'ounty in the valley of Snoqualmie 
R i"cr. The hilts bet\\·een the nurth 1tnd south forks of Sno
qualmie River nre largely ro111poscd of granodioritcs which arc 
intrusive into i\ series of quartzitcs and 1,d1i,,ts of prcsnmnblc 
e1\l'I)' ::\lcsozoi<' age. ~imilnr rncb exist lo the -;011th of thl· 
south fork of S11oqual111ic R iver u.s far ns thl' aest of th!' dividl' 
with C'echtt· River. Along the wall of C'cclar Ri,·er \'11lley th(.) 
grnnodioritcs ttre capped b.r flo11·s of andcsitc nnd deposits of 
tuff of cnorn1ous thic·kness. Exposures of gninodiorite oc·('ur 
almost continuously from North Bl!ricl eastedy to thC' crest 0£ 
tltc C'nscaclc 1\Iotmtains. Near the hcndwaters of Snoqual111iu 
1uid ('ednr rivers the g1·1inc1diorite have been studied and map

ped by the e. S. Geological Snr\'CJ and arc dcsig1rntcd in the 
Snoquulmie Folio as the Snoqualnii<· gnt1H)dioritc. • 'l'hc_v an• 
believed to be of late :Miocene age. On the bilsis of studies 11111clc 

in that n•gion nnd 011 the fad that areal exposu res of the same 
formation rn.n be tracer! continaouslJ from the border of the 
Snoqualmie }'olio westerly to the junction of the south 1uHI 

middle fork!,; of Snoqualmie River, the grnno<liorites of this 

region are regrn·dcd aia; of upprr ) [ioccnc age Mrl H part of tlw 
Snoqualmie grnnoclioritc. 

A field examination of the grnnocliorite :.how a considcl'nhlc 
nLritttion in texture und mincrnl co111positio11. Basie ,;cC'l'ction-. 
of bRdl.Y ultere<l hornblende und hiotitc are co111mon. .Aplitic
int rnsions a r e charnde1·i:itic near the con t1Lct of the bathy lith 

• Smith, G. 0. flutl Calkln~. Ji'. C . . Snoc1unlmlc Folio. !'. S. GMloglcal Surv<w. 
Xo. 1ao. 1 OOH. 
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with the o•·crlying schists aud quartzites. Away from the ton

tact the rock pos. csscs a omewhat uni for111 charncter. lt ii; • 

medium grained and compo ed of biotitc and hornblende with 
plagiocla e and minor amounts of quttrtl. Under the microscope 
the rock is seen to be largely com po cd of plagiocla ' C of the 
oligocla e variety and biotitc. Orthoclasc is present in ubor
dinate amounts. (~uart:t. is clear and glas J' and forms on the 

arerage about 10% of the totid content of the rock. Green 
hornblende is fai rly abundant but subordinate iu amount to bio
tite. mall prism of apatite and occiisional cry tals of tita
nitc are often pre ent. Except when unduly exposed to weather· 
ing t he rock a. a whole is compa l'atively frC'sh. 

l•:Nnfl'l,,\W ,·vi.CAXIC :-Ii.HIES. 

Geographic Distribution. 

In easten1 S nohomish, IG ng nnd Pierce cotmties there are 
exten. ive nccumulations of lam and tuff l'Csting unconfornitibly 

upon old<'.r quartzi tes, schists lllld grnnodiorites, us well as the 

Eocene and Oligocene sedi111ent11ry fornmtion of the eastern 
portion of the Puget Sound B asin. T hey account in part for 

the l-!01ucwhat steep escarpments along the we;,teru foothills of 

the Cascade ) l onntuins. In Ki ng C'onnt.r tl1e estuarine Eoce11c 

deposits outcrop in nearly 1d l the ri\'CJ' and creek canyons a.s 
far east as the western escarpment of the Ciiscades where they 

disappear beneath the lavas 1\nd tutfs. This C'ontact extends 

fro111 F all City southerly along R aging R iver to Barneston and 
thence a long the Nor thern P acific R aihrn)' to Enumclaw and 

C:arbon n i,·er. R esidual patches of lava occut· in many place 

to the west of the contact. The northel'tl bounclnry of thii;; ,·ol
canic area extends from the town of Snoquitlmie southeasterly 

nlong the enst 1ntll of Snoqualn1ie Yalley to the foot of R attlc•
snakc L edge near the to,vn of Cedar F alls and thence up the 

northern side of Ceclar R iver Valley. Simila,· lavai'I tl rc exposed 

on tbe soutlt s ide of Skykomish Valley in nohomish County ns 
far as the eastern margi1, of the P uget Sound Basin . I n south

ern P ierce nnd in L ewis counties the la,·ns iu-e exposed to the 



The Tertiary Formations of West em W ashingt.on ~33 

southwest and arc . omctimes difficult to separate from the Eo

eenc volcanic flow. especio.Jly in those areas where glacial de

posits ai-c extensive. 

Lithology. 

Rock exposures arc often exhibited in the rugged and steep 
<'lifl's along th<.' can_yons of the river . and creeks flowing west er!)· 

through the C'ascllClcs. The b11.sal portion of the formation may 

be seen in the small creek:. one mile. outh of North Demi. Grnn 

odiorites and qu1trtzites form the outcrops up to elevations of 
iipproxinmtcly 800 fcct. Aho\'C the gritnodiorites are flows of 

badly tdterecl bas ic andesite. The lower flows ,u·e somcwhat 

porphyritic although the crys tals ,u·t' ui-ually sn11tll. .\ 111i
c roscopi c cxaminn.tion of the fresher ma terial shows the pres

ence of basic labmdorite toge ther with 11ugite irnd 111i1101· 
amount;; of hornbknde. '1'l1c higher flows exposed in the ridge 
OC'Clll' nn the top of R 1tttle,-nake Ledge and arc pitc·hing to the 

southwes t at an Hnglc of 80° . They ran~c in C'haradcr from 

a vesicular rock to 11. massive agglomerate. The several pha,-c:
are intcrbeclded ui, bands of mrying thicknci;,,. Exccll('nt out

crops of the lanis 11iuy he observed in the canyon of C'cd,u· 

H.i,·er below Cedar Lake. They lll'C also pitching to the i-outh

wcst and Cedar R iver has cut rlow11 cliagonally 1HTOss the strikr. 

,H the site o f the new C'c<lilr Hive r <lam cxcuvtLtions ha\'e been 

111,ide and the cletailccl charnctcr of the rocks may be !itudicrl. 

The rocks ,is exposed consis t of fim• grnine<I andcsitcs i11tcr

calatcd ,,;th distindly beclrle,l fine grnined bluish grn_v volcanic 

ash. The a sh bands vt~ry in <'Oarscncss of grain unci often con

tain small pieces of p11111i<'c. Thick hand,; of tuff arc present 

which contain angular fr1igmcnti. of pumice, vesicular In\'>\, fine 

grnined, dense gln::.sy andcsitl' together "·ith fragments of car

bonized 11•oocl. In tlw bccldecl tuffs or cl1tys fossil leaves ,u c in 

ph\c•es 1\bttnda11t. J n the vicini(Y of Enumclaw the IHnls 1t1·<· in 

the nature of a<·idic basalts. They occur inten·11.latecl with light 

colored tufrs which nl'C' resting nearly horizontid Hnd possc>ss a 

thickness of nt least 1,000 feet. 
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D etai led cxa111iuations were not u11dcrtakcn on the we. tern 

slopes of the Cascades but from such ob crvations as were m11-dc 

along the canyons of White and Green rivers the lava m1d tuff · 
occur as gentle fold. all of whicl1 are trending northwc t and 
southeast. Along the we tern margin of the lava escarpment 
there is ome evidence of complex and repeated faulting pantllel 

to the contact. The differential re j tancc to cro ion of tl1c 
lava a. comp~tred with the ofter Eocene sedimcntaries i in 
part responsible for the iLbrupt and somewhat linear termina
tion of the we tern border of the foothill of the Cascade . 

On tbc :oath idc of the ridge extending from North Bend 
to Newcastle numerous intrusive dikes occur cutting the Eocene 
sedime11tarics. This is esp ecially true between R aging Ri ver 
tmd I ssaquah Creek. I t is possible that these dikes may have 
been feeder to lava flows in tha.t region which J(a,,e since been 
removed by ero ion. T he area i thfokly covered with deposits 
of glacial drift and it may be that r esiduals of Java are pre ent 
which have not as yet been observed because of the drift. 

Correlation. 

The contact between the lava series and the underlying 
granodioritcs in Snoqualmie Valley is one of w1eonformity rather 
tlum intru ion. The same condition exjsts with respect to the 
Eocene scdiioentinies and tJ1e Javas at Durham, K anaskat and 
Enmuclaw. The lava series as expo ed at tl1e above loctilities 
when traced easterly, di rectly connects 11~ith the Keechclus ·vol
canic series, lts exposed along the Cascade d ivide in the Sno
quahnie Folio. The lavas as mapped in this folio have been de
scribed by Dr. G. 0. Smith as of upper 1\lioeene age and were 
regu.rdecl by him as older than the Snoqualmie granodioritc. 
'l'he granocliorite is described as being intrusive into at least a 
part of the Keechelus formation. 

The lavas referred to in this repol't as occuuing along the 
western border of the Cascade Mountains nre described us the 
Enumclaw volcanic series. It is possible that they may be in 
part the equivalent of the Keechelus fo rmation . 'l'he g ranodior-
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itcs south of North Bend arc not intrusive into the Enumchrn• 
volcanics but the lavas as exposed there mEty be the equivalent 
of the upper pol'tion of the Keechclus formation as exposed near 
the summit of the C1Lscadcs. T hen' docs not seem to be ,my cv-i
den<·c at present to warrant a di1·cct concla.tion of the Enum
cliiw volcanic series with the Keeehc1us fornrntion although they 
nrc probably in part cquiv~tlcnt. 



CHAPTER YI. 

PLEISTOCENE FOR1IATI0N 

GENERAL STATEMENT. 

Deposits of Plci tocenc age M C well developed rn western 
Wa bington. 'rhcy con. i. t of glncial drift, fossiliferous marine 
sands, cfays and grnvcls, old stream gnivcJs a.nd . and ', recent 
stream alluvial dcpo it , and a.nd-ba r a.nd tidal flat deposits. 
For purposes of mapping, as well as discu ion, these deposit · 
have l)ccn diridcd into two broad groups, namely, glacial mo
rninic deposits and terrace deposits. 

GL,ACIAL DEPOSITS. 

GJ~NWUAJ, S'.L'ATB)H:NT. 

In this report no nttempt has hcen ma de to study in detail 
- -. the glacial deposit:; of wct,;tcrn ~ ra hington except in a general 

way to note their distribution. Careful attention has been given 
to the glacial question by Dailey_ Willis* lllld J. H. B retz••. 
The gcnern.lization here set forth is h1,rgcly a summary of their 
work. 

On the geologic map accompany ing this repol't glacial de
pos its have been mitpped only when it was impossible to deter
mine the probable nature of the nndcrlying formations. ( P late,; 
II, III and IV.) T he contact lines as dnt,\' n to limit ti~ bound
a ries of the drift in reality represent the boundaries between 
those areas which arc covered "' ith dri~ where the underlying 
bedrock is unknown ancl tho e drift covered a reas where the 
underlying formations arc known. 

Ol!JOGUAPB:IC DJ$'l'lUBU'l'I0N. 

D eposits of glacial origin occupy a litrge par·t of the Puget 
Sound Basin, the north and south borders of the Olympic P enin
sula and the north pol'tion of the Grays H a l'bor region . Out-

• 'J'ncomo Folio No. 54, U. $. Gcologlcol Survey 1 Otl. 
•• Bulletin No. 8, Wnshlngton Geological Survey, 1013. 
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wash gravels which are to be 1·eganlcd as of glncial origin cx

tc11d into Grays H arbor, 'fhur$tOn and L ewis count,ies. LoC1,\l 

morainic deposits may be found in the San Juan lslands m1cl u1 
the foothills of the ('nscacle :\louutairn,. D eposits formed h_y 
alpine gluciation arc common in the higher elevations of both 

the Cascade and Olympic mountains. Small nlµine glaciers arc 
in existence today in both of these mountain ranges at the be1ul

watcrs of the liuge1· stream valleys nnd on the s lopes of the 

higltcr rno1u1b1i11 peaks. 

,~tL \lt,\( ''.1'1'lH IIF l'Lt•:J."l'ilC~::-m HL.\('IA'l' !OX IX Wl1~'1'HH.X W,\~lllNGTllN. 

Early in the Pleistocene the l'1t:icadc Mountains hud bc•e11 

elevated into thcir prel;cnt position. The Juan de Fuc1t trough 

had been brnught to :Sen level or pos:iibly below. A series of deep 
d1irn ncls having a north-south direction, had been developed in 

the Puget Sound ,lownfolcl. Po::.sibly these stream vu.llcys tnll)~ 

lrn.ve been depressed sufficiently to allow the marine waters to 
enter, although we have 110 direct evidence that such was the 
C'asc. The climate had been gradually growing colder during 

the T ertiary. Precipitaticm probabl., increased. Abnormal 
precipitation in the form of snow allowed great snow fields fo 

accumulate both in the Cascade i\Jountaius and in British Col
umbia. These ice strettms increased in size and flowecl clown 

the early P1cistoc:enc stream valleys and roi.dei,red in the great 

Puget Sound-Strait of Georgia plain into which they emptied. 
U1timn.tely this great plain or bm,in 11•1\s filled :-o as to consti

tute one grent field of ire. Later the ice ,·ctreatc<l and left be

hind various types of gliicial deposits brought down from the 

moun h1ins by the glaciCJ·s. These depo:.its hu YC been designated 
us ti.Jc Admiralty till. The time interv,tl during which the Ad
miralty glacier occupied the Sound region has been termed the 
A<lmiral ty epoch. 

At the dose of the Admu·nlty Epoch the great ice sheet be

gan to retreat. It finally disappeared leaving the entire Puget 

Sound region coYered with detritus. During this time the rcgio11 

was being elevated, perhaps to 1,000 feet. Strearn erosion bc
Ctuue active a.nd great vnlJeys were cut clown into the deposit:i; 
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Funact: A.-Upper i\tlocene Formations as Exposed Along Beach 
NorU1 of Cape Elmzal)eth. 

FrnuuF: 13.-Polut Greuvllle, Showing Eocene Basalts on Beach at Low Tide. 
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of the Admfralty glaciation. The time intervtd involved in the 
retreat of the ice, in tLplift and extensive erosion and aggrnda
tion is known as tlie PuyaUup interglncial epoch. All of the 
main tream channels formed duxing this time arc thought to 
h1i.-ve had i\ predominant north-south trend. 

Towards the close of the Puyallup Epoch C'onditions again 

Allowed the development of great ice streams in the valleys of 
British Columbia and the Cascade :Mountains of Washington. 
They adnmced and the Puget Sound basin was again filled with 
ice. The ma1·gins of thi g reat ice field e,•en crowded up into 
the stream valleys issuing from the Olympi<' Mountains. To 
tlie south the mtwgin of the ice advanced to the akeady sub
dued core of the Black Hills upwarp. Two great lobes were 
developed. One of the e passed to the south and cast of the 
Black Hills and the other swung around to the west through a 
low gnp extendmg to1nirds }fatlock. Beyond the limits of the 
terminal mornine at the front mnrgin of the gla<'icr there are 
sp1·ead out great outwa;;h gra.,·el plains. These extend from 
Mason County westerly to Grnys Harbor and from the eastern 
lobe over the plains of Thurston County into northern L ewis 
County at Centralia. During thi maximum advance of the ice 
the front margin of the glacier oscillated bnck and forth so as 
locaJJy to allow the mominic materia.l to over-ride the 011hrnsh 
g1·avels. 

Thi field of ice is considered to lHwe extended as a solid / 
mo.ss from the Cascades to the. Olympics. As it began to re
treat by the melting away of the front 111argin, a great pond of 
water 1\ccumulated whid1 could not escape to the north because 
of the ice w~l, nor to the south because of the rock and morainic 
barriers. In places streams were able to spill over the front re
taining waJl and cut out drainage channels, but not ufficient]y 
to drain the lake. As the ice field gradually t'ctreated to the 
north the lake became larger. It was bordered Oll the west by 
the Olympics, on the cast by the Cascades, on the north by the 
ice front and on the south by the rock ridge. As the lake in
crea cd in size, streams from the Olympics and Cascades began 
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to dnun iuto it. Great deltas were developed on its margin. 
These g radually extended out into the lake. The sed iments la id 

down were chnrncterizcd by cro -bedding. Ultimately the ice 

retreated sufficiently to the north to allow the water .of the lake 
to rlrain to the ocean thl'ough the Strnit of Juan de Fuca. The 
Strait of ,Tuan <le Fuc1t had itself been fill<xl ·with ice during the 
nm:,;imum cJdent of glaciation. The present topographic fcu

bll'C of the Sound owe thcil' oriO'in huge!, to the conditioni> 0 • 

ll'hicli prevai led du1·ing Pleistocene glaciation. The time inter-
val during which thi la t ice field adninccd and rctreakd has 
been termed the Va hon glacial epoch. 

It is thought tlrnt the Pugel Sound bu!>in hnd been lowered 
fro111 its fonnc.r elevated position to ne~irly its present elevation 
during the time of max irnum Yashon glaciation. After the ice 

had cnti rcl.y retrea tecl t he region i. hel icvecl to ha n: been !mb
lllerged ~50 feet more. Ltdcr it wa,; i:tgn.in re-elevated to ftp

p ro.x imatcly its prN;cmt position . The eviclencc for this is the 

occ·urenC'e of elevated beaches contnining marine shells. 

T he 111.kst cliastrophic movement tonsistcd of a slight clcv,i
tion of perhaps twenty feet above sea level so as to produce 
roC'k cut terraces a nd depo .. its of marine n1ollu1:;can rcm1ti11 1,; ns 

may be seen nt the entrnnce to the B remerton Navy Y1u·d ancl 

at Alki Point in Sc.tittle. These marine deposits wiU be di~
cussed under the marine phnse of T crnwc D eposits which is to 
follow. 

TJ.JRRACE DE-POSITS. 

Under the general ter111, tcl'race deposits, for purposes of 
cm_neniencc in mapping, 11.rc inc-ludcd nil ,leposits, of Pleisto

cene age excepting those of definite glacial origin. ,rorc im

portant iunong these arc old Auviutilc <leposits of PlcistoC'cnc 
age, r ecent ulluviid deposits, prodllcts of rock <lccn_v which a rc 

still in place, snnd rluncs, marine beach dcpo. its, nncl ticlH.1 Aat 

111uck T hese will he dc-.cribt'd in the o rder just rcfcn cd to. 
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1,'1,l· rI.\'l't LI<: 111,:rnl'lrrs. 

Under fluriatilc deposits arc included the i;ands, gravels and 
clays deposited by l"'leistocme 1·i,·cr channels at a time when the 

surface of the wcskrn portion of tht' state was much lower than 

at the present time. 'rhesc deposits ,·tiry mud1 in thi<'kncss ns 
well 1~s in clunnctcr. Tltcy form cxtemiivc 1tccumulations 1l.long 
the west itncl south murgins of the Olympic peninsula, along the 
sltores of ~Tillapa and hoahrntcr bays, in the Cow Ii ti Ji ll · in 

1tntl in the counties bordering Columbia Rin::r. 'rhcy record 

the shifting und meandering of numerous sb-eams. After their 
deposition the en ti re western portion of ,v llsh ingto11 a ppcars 
to have been u pli ftcd and the prcsen t strMms hiwc c·arved thci .

dmn 11cls down through tl1is earlier ri\'CI' wnsli uncl in pince;; 
have cut into the un<lerlyi11g older T crti1try bedrock formations. 

Aloug the wc!itcrn slope of the Ol_vmpi<' ;\ lo11ntins there is 

1m uplifted plain extending from Capt• Fin ttcry sou th ward to 

Gm.vs Harhor. This belt a,·eragcs twenty miks in width and 
L·xtends up into the wcsten1 foothills of the Olympi<' Mountains . 

On the wc,;t it is terminated hy lhc ocean. Litliologi<'ally thest' 

d.eposits consist of gravels, sands, ancl <'la.vs. The grn\'els ar<' 
c·omposcd of pebbles, hLl'gcly of qua1·tzitc origin and ntnging 
from one in<'h to over one foot in din.meter. They gencrn.ll_v 

show slight cvidcncc/i of ::.trnt_ifi<'ntion. The snnds, whi<"h a rl' 
vc1·y slightl.v consoli<fate<I, ,u·c common ly diarndcrizcd b,v 
<-ross-bcdcliug a_nd often pass into co,irsl' grits. The tl1tys 11.1'(' 

c·on1mon ly massive anrl of a hlui:sh gmy color. The sands arc 

nearly ahrny;; stninecl a yellowish red. Typical examples of 
tl11·sc deposits may he seen in the cliffs along the O<"ean shore 
line, as well as in the banks along the river ch,urncls which 

i•n1pty int<> the O<'Cll.ll. This uplifted plain at om• tillll' ex tended 

much farther out to sc~L than at present nnd is rnpiclly hcing 

rnt into by the o<·c1Ln waves. Th<' gra,·cl deposits smn('timcs 
<'Oustitutc the oce~l.11 bluffs down to 11.n<l below the lt"vd of tlw 

hc1Lch. Tn other plates th<' haMI c·onhtd gi·adutdly ri:.cs ahov,• 
st'n Jc,·cl, its the oldei- IH·drock forn111tions come into view . The 
pl'Obabilities al'c tlmt if nll of thcsl' <k•po~it.,; !;ho111d be rc11H>,·ed 
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from thi particular region under con ideration the pre-Plei to· 
cene . urfa.cc would e:.~ist largely bclow sen level, leaving numer· 

ous rock islands off a . hore appr-0.ximatcly twenty miles ea t 

of the present shore line. 

Nearly alJ of the area in\'olved Dll the Qucniult Indian Reser· 
,·atio11 and that part of Gray Harbor County we t of Hump· 
tu lips River outh of Gray Hi~rbor is compo. ed of these ma
terials. Their base is almo t entirely below ea level. The e 
ame <lepo it. extend ea terly from Grays Harbor and Y(meer 

over much of the area in the valleys of Wi hkah and Wynoochee 
river . In ea tern Grays Harbor and :Mason counties they nre 
replaced by gravel. an<l . ands of direct glacial origin. 

Along the shore, of Wilhipa !ind Shou.lwu.ter ba.ys there a.re 
cltffs rungiug from 50 to 300 feet in elevtltion above sea level, 
composed of oft i_ncoherent yellowish brown a.nds, gravels, 
and clays. They ar c especially prominent in the vicio ity of 
Bay Center, Nemah River and Long I sland. imila r deposits 
veneer over a large part of the wooded country in the low a reas 
of P acifi c County. On the nort h bank of Columbia Ri ver at the 
town of Ihvaco, horizontal beds of these depo ·its may be seen 
L·csting unconformab1y upon the upturned trata of t he lower 
Miocene. Deposits of the same nature r est upon t he Eocene 
lavus and su.ndstones in t he vicinity of Grays Day and eastwa rd 
into \'iVabkiakum County. 

fo the Cowlitz Basin, these depo -its occw· as ten t\Ces along 
the streams entering Cowlitz River. They generally assume a 
horizonta l position. Excellent exposttres may be seen immecli· 
atcly soutl1 of Castle Rock and a long tl1e river and railway 
cuts northward from that point towal'ds Olequa. vVherevci· 
the pre-Pleistocene topog1·aphy was composed largely of ba· 
saltic l"Ocks, angular fragments of such materia l enter into 
the composition of the Pleistocene deposits. In the railr oad 
cuts between Castle R ock and Litt le FalJs, numerous instances 
of this kind occur. These have been described as Pleistocene 
lava flows.• Upon examination, however, this lava is found to 
occur in irregular shaped blocks mixed with sands and river 

• I'l'occedings Ame1·lcan PhJlosophlcal Soe:lety, Volume LU , No. 212, 1913. 
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gravels, showing conclur;ivcly that tJ1ey have been del'ivcd from 
old rock masses of Eocene age wl1ich have been ntpidly torn 
down by weathering and incorporated within the Pleistocene 
deb-ital miiterial. 

On the slopes of the highc1· ridges south of Chehalis River, 
thin layers of ye1lowish brown sandy clays are found spread 
o,,cr the !'lurfocc. These a l'e in ptLrt of the same origin as the 
deposit previously mentioned and in part due to extenf;ive long 
continued rock decay. In these instances the products of rock 
decaJ do not appear to ha\'e been trnnsported any ('011J,icle1 able 
distance from their original Jllace of formation. 

In those areas where basaltic Javas con titutc the larger 
part of the bedrock formations this type of weathcl'ing is cspc.
ciu,lly }) l'evalent and attnins a thicknc!.s of o,·cl' .50 feet. ,vhe1·
ever suitable exposu res have been made, it is found to grade 
downwal'Cis into pal'tially decayed basalt nnd ultimately into 
the fresh matel'ial. These Pleistocene fluvi al deposits which 
have been uplifted ttbove sen level assume a thickness of llt least 
400 feet and grncie from thu.t dO\\' lll\'11 rds to a thin vcnccl'. 

MAH I .NE PJ,.ElS'.l'OCliJNFJ OEPOS1'.l'S. 

Around the shores of Puget Sound there arc numerous 
nii ed benche. clcwttcd from fifteen to eighteen feet above sen 
level. Scattered over the . udace of these beaches anrl e111bcddcd 
u1 the sands and gravels composing them arc the fossil remains 
of marine molluscs consisting of species very similar to those 
now living. The Pleistocene marine grnvels 11.nd sands re t un
conformably upon the upturned edges of the older pre-Pleisto
cene bedrock form,itions. fo places tbe:r ,ilso lie upon the 
glacial deposits formed rluring the last glacial Tetrent. 

Ex:ccllcnt examples of these deposits ma_v be seen nl'ound 
the shores of R estomtion Point and on the south side of tlie 
entrance to the Bremerton Navy Yard. iu1ilar occurl'ence. 
ex:i. t at Alki Point in Seattle and in places 1LS far north as the 
San Juan I slands. Deposits which o.l'e p1·obabJy to be cotTe
Jated ,Yith these occu r on Vancouver I sland. Those on tlie 
Sattnich Peninsula nortl1 of \'ictoria have been describecl a. the 
Saanich formation. 
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fo the ri\'CI' ntllcys unconfornrn.bJy O\'erlying iilJ of the older 

prc-ghteial as well as glacial formation · there arc dcposjts of 

alluvial matcriul whid1 arc hcing dcpo itecl nt the pre cnt time 
by tl'Clims du ring stage. of high ,rater. These materials con
:i. t of silts, ands and grnvcls sometime. intl'icatcl_y mixed but 
more often somewhat stratified. Examples of these may be cen 
in the Snoqualmie, Dmrnrnish, Chehalis and Cowli ti valley . 

imilitr depo-it on R mallcr calc ate formi11g nlong the courses 

of practicall.Y all the tream · within the sta-tc. The e deposits 
vary in thiclrnc ·s and attain a depth of over 100 feet within the 
larger valleys. In some places bedrock island project upwards 
thrn11gli t he floor of the va lley a lluvium. E:xi,mplcs of this may 
be seen iu D uwa111islt YaUc3· in the vicinity of South P a rk a nd 

a l ·o at Duwiimish bdion. Other c_."ii111ples whic h mig ht be 
cited arc the rock is lands proj ccting upward throu,g h the 

Skagit Aa.ts. 
'1' IJ) A I, l?f, A'l' nr,, l?O::H'l'S. 

Near the rnoutlts of the larger rivers there a rc brnad t idn l 

tints which during hig h tide. arc covered with water but duri11g 

periorls of low tide appea r as ext£>11sivc mud Ailts. \tVinding 
s loughs cross the. c. The deposits arc g enerally composed of a 

massive bluish grRy clay . T he bes t cXftmples of t liis type ill'C 

to be found at the south end of 11oalw1-iter Day, Willapa Har
bor, Grays Harbor, the 111outh of Colu111bia R iver and in many 

of the small cmbaymcnti, in Puget Souncl. 

:U N I) DUNES. 

Sand dunes arc confinccl chiefly to the P acific coast of \\7 asli
ing ton and P uget Sound. They occur on the long sand spit ex

tending northwa1·d from the mouth of the Columbia R iver to the 
enhance to Willa.pa H arbor. ,-\ nother p rominent sand s pit cx

tcncls from the north side of the entrance to V\7illapa H arbor 
northward to Grays H ~u-bor. The e spits average three miles 

in width and range up to 25 feet above sea level. T hey arc com
posed chiefly of wind blown sand which in many places support 
cons idenible vegetation. 
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GEOLOGI C STHUC'l'lTHE .\~D UISTOHY. 

GEOLOGIC STRUCTURE. 

(;EJNEIW .. S'l',\'l'E~ll,X'l'. 

Inn:stigations ciu-ricd on by Russell, Smith an<l Willis in 
the ccntrnl portion of the Ca cade )lountaius of ,vashington 

show thttt the formations of that area have bee1, warped into 
a series of folds whose n.xes trend frolll southca;;t to northwe<,t. 

One of these extends from Columbia Ri,,er ttlong the axis of the 

,v cnntchee :\Ioun tnins. A second b-en<ls idong the Entiat 
Mountains to the summit of the Cascades. A third lies south of 
Yakima River. All three n.re approximntcly parnllel. 

A glance at the structure map of 11·c:. tern \-Vnshi11gton 
acco111pauying this rep01·t will show three prominent strncturnl 

features which a1·e <lesignu.ted a differential elongated up1n:1.rp;,,. 
(Pla.tc XL"'\:.) These appear to rank iu value with those de

scribed hy \'Villis and mith on the eastern side of the Cascade;,. 
1rherc is n prominent downfold externling i11 a 11orH1 and south 
di rcction the length of thC" state, nearly tit right tt11gles to thr 

upwMps. This do\\'nfold is known as the P uget Sound-Cowlih 

Y itllcy dcprcssion which is n. part of a 11·cll clefit1ccl down fol cl ex

tending frorn the great valley of C.:1difornia to (~ucen ('harloth

Sound. 1t is posi:;ible, however, thnt in vVashingtm1 this down

fold may have been forrnccl in part by north-south faulting. 

TUE SKAC.IT,$.AN .TU.\N-VANC011VNR TSI.AXD UP\\' ARP. 

This prominent topographical and structural feature ex

tends from the south side of Skagit Valley and passes out to 
the Puget Sound depressiou nea r the mouth of Skagit Hiver. 

It extends through tl1e San Juan I sland,, and thence not·th

wcstcrly into the heart of Vancouver I Janel. This tlµparcntly 

is the northwesterly extension of the Entiat warp on the eastern 

flank of the Cascades. The formations involved along this up

Wtlrp are of approximately the sitme geologic 1tgc, viz., Carbon

iferous an<l early Mesozoic. They consist of quartzitcs, slates, 
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schists, crystalline limestone and a complex seric of Mc. ozoic 
intru ives. A pronoimced sRg has been developed nearly at right 

angles to the axis of this upwarp in the region of the San J uan 
I land . This , ag is a par t of the Puget Sound-8owlitz ba in 

depre ion. On both the north and south flank of thjs upwurp 

are paralJeJ axial downfold , one trending along the Strait of 
Georgia towards Frazier River and the other along the trait 

of Juan de Fuca and acros Puget Sound townrd the lower 
vaDcy of Snoqualmie Hiver. 

NEWCASTLE-OLHIIPIC UPWAHP. 

The position of this axial up,rarp extends fro111 the ummit 
of the Cascades in the vicini ty of 11t. Stuart northwesterly 
t hrough King County itntl on through the Newcastle Hills a ncl 
Seattle i11to Kitsap County. In Kitsttp C'ounty it involve,; the 
Bald Hills ancl from there extends northwesterly th rough the 
nutin axi. of the Olympic Mountains, and possibly out to Cape 
Flattery. M t. Olympus lie:l a long thjs axis. In the Newcastle 
Hills the older Eocene rocks l).re brought to the surface tmd 
above it iso as to form a prominent topographic feature. '"£he 
later :Miocene rock which overlie the Eocene a rc absent along 
the crest of tbc upwarp but are well developed to the north in 
the clownwa rp. In the region wher e the transverse Puget 
Sound depression crosses this upwarp, a sag has been developed 
and only remnant. of the bedrock formation project above sen 
Jeve]. They arc represented by the Eocene deposits about Du
wurnish tation, the basaltic masses in the Bald HiJls of Ki tsap 
County and the upturned Oligocene formations which flank 
its north border nt Bremer ton Inlet. 1 'he erni-metamorphosccl 
sediments of the Olympic Mountains have been highly ti ltecl 
and the strike i8 iLpproximately paxalle] to the t rend of the a:-..-is 
of the upwarp. A pronounced clownwarp lies to the north o.nd 
pi:u-allel to the axis just described . I t has been filled with l\Iio
cene sediments wl1ich in tu rn have been subj ected to extreme 
folding. 
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BLAC'C, IIJLLi-l rrw,utr. 

The third upwarp in the western part of tl1c state c.xtends 
from the Ca;;cadcs in Lewis County northwesterly through 
Thurston into i\Iason and northeastern Gnrys H arbor County. 
In this upwarp arc involved the high mountain ridges forming 
the divide between the Cowlitz and Nisqually rivers. In Thurs
ton County it constitutes the low divide between Puget Sound 
llnd Grays Harbo1·. ln this region it is crossed by the north
south Puget Sound-Cowlib: Yalley depres,,ion. T o the north
west in the Black Hills the elevations increase to over fifteen 
hundred feet. 'The Black Bills are composed of extensive areas 
of basaJt of Eocene age. From this point the upwarp passes 
into the southern portion of the Olympic l\lountai_ns. It rela
tion in the vicinity of Qucniult La.kc to the main Olympic axis 
ha not been definitely determined. 

On the southwestern idc of this upwarp in southwestern 
Wushingto11 the Eocene fornHltions pass below sea level and are 
covered with extensive deposits of Oligocene and Miocene age. 
These have also been folded into minor anticlines and synclines 
which may be seen on the stmctural map. 

Two well-defined anticlinal axes trcud in a northwesterly~ 
outheasterly direction through P acifi c County but arc not to be 

regarded as of the same importance as the three just described. 
Downwa rps have al rcacl_y been referred to in the discus ion 

of the upwarps. 'There arc fom· of these in western '\iVashi11gton. 

The most northerly lies along the north side of Vancouver Island 
and extends iuto Whatcom County. Between the Skagit-Van
couver ancl the Newcastle-Olympic upwarp , there is a pro
nounced down fold trending para1lcl to the Strait of .J mm de 
Fuca outheasterly into SnohoQlish County. Between the New
castle-Olympic and Black Hills upwarps there is a dmvnfold 
whose extent has not been definitely determined. In the Puget 
Sound Do.sin area it is deeply filled witl1 glacial d1·ift deposits. 
A fourth axial downfo1d b·ends from Grays Harbor southeast
erly to the Cowlitz Ba in. 
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AXTICL1XES AJ'iO srxcr,INES. 

Upon the structuntl map accompanying thi. report have 

been ph:tttcd n11 tbe important anticlinnl :ind synclinal folcli, 

which could be definitely determined. These have been grouped 
into two brnad divisions, viz., major and minor anticlines and 
syncline. . The former includes tho e fold which constitute an 
important . tructura.l unit over a con ickra.blc gcogrnphiC'al 

area. The latter it l'C tho. c which hitve been dcYcloped a. minor 
folds on the flanks of or subsidiary to the major folds. One 
major anticfo1c designated upon the map as the Newcastle itnti

dine pas. c. nearly ca. t and we t through central King County. 
Hs actual position tts nearly n. can be determined i hown on 
) lap B , Plate IY. Its axis swings in ,~ sinuou!, fashion but still 

maintains its nearly cast to west direction. T o t lw 1101th there 

is a broad synclinal ba in. In the eastern portion of Puget 

Sound Basin its exac t position cannot be ~thsolutely determined. 

Its northwest ern extens ion, however, can be traced in to J cffe_r

,:;on County as has been indicated upon ~fap C, Plate IV. A 
~econd major anticline trends ncro s the Quimpcr P eni_ns uln 

from Hood H ead to P ort Discovery B ay. From L ake Crescent 

in Clallam County a wdl-dc611 ed sy ncli1H1l trough ext ends north

westerly nntl enters the Strnit of Juan tle Fuca. Its exact po i
tio11 in tl1c Strnit, of toursc, cnnnot be determined. Tht' Van

couver fsl11nd shore is ski1·tecl with lowe1· Miocene . trata, dip
ping at low angles to the southwest, although they arc iu phlcl',; 

i,wolvcd in minor axjal folds tninsve1·,.;e to the miiin synclinal 

t rough. .Along the sooth sicle of the Strnit, minor 11ntielinfll 

and . ynclinal folds iu·e ,veil clcvclope<l from Gettysburg to Cape 
Flattery. T'hcy represent minor wrinkles on the southwest limh 

of the synelinal trough. The Cape Flattery nronodine ap

parently rcpresen ts the trnc :~outhwcst limb. 

On Va11rouver I sland between Sookc Da.v and hc rringha111 

Point a shallow synclinnl trough exis ts but it is apparently sub
Ridiary to the m,iin ~yncl intd trougl1 of the Strait. All of the 
,\bove mentioned minor fold ,; arc im·olvcd in the dO\vn fold bl
tween the Skl\git-Vancouver and Ncwcnstlc-Olympic upwn,rps. 
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I n the ,•icinity of Seattle aud eustwiu·d nulllerous trnns,·crsc 

folds have been clcvdoped on the flanks of the Newcastle anti

<'line. I n the Pierce County coal 6elds the anticli1rnJ and syn

climd folds arc pitching to the north. L1 the Green River are1~ 
in K_ing County s imilar folds 11,rc pitching southward. Ap
parently u uorthwc:.t-southcast downfold intersects them and 

trends approxiu1utcly ~dong the boundary line between King and 

Pie rce cotU1ties. 
fo southwestern ,ivnshington, Eocene and :Miocene ck·posit:

haYe been folded _into numerous parnllcl anticlines and synclines 
trending Nortl1 65° \Vest. One major trnticlinal 1txis trcnd:

from the south side of Grays Harbor to the northet1stern c·orncr 
of Pacific County and along it the older Eocene btts,dts conH· 
to the surfo('c. On the northeastern siclc of this fold the :\Jio
cene strntu form the surface outcrops and have been folded into 
a seric~ of parnllcl minor 1111ticlincs 1111d sync·lincs pitching 
nortliwcstc rly towarcls tlic ocean. 

Farther to the southwest u. parallel n1ajor anticline trends 
from Shoalwutcr Ba}' :,Outhcastcrly into \'Vi1.hkiaku111 ('ounty. 
The core 1\s exposed at the surface is also composed of Eocene 
basalt ·. Between tlie two nH1.,ior anticlines just described a 
shnllo11 synclinal trough exists. In it onl.r the very bnsal por
tion of the Miocene sediments arc involved. To the southwest 
tumu·cl Ihrnco several smnllCJ· folds ocC'Ul'. The strata in"olvcd 

in them arc Oligocene 1rnd they occupy a downfolcl. The Eocene 
basalts 1u·c ag11.in hrongJ1t to the surfu<'c at Il1nico Point. f11 

the vicinity of Fol't Columbia on C'olumbiti River, basidt f:lows 
occur, interbeddcd with tl1c lower portion of the Oligon'ne 
,-tntta. 'rhese minor fold., extend aC"ross Columbia Rivrr ,L1HI 

may be seen a;, slrnllo"' folds "·ithin the town of Astoria i'n 
Oregon. 

On the Pacifit ('oust front Grays 1:-forbor northward to Cape 
Flattery a large number of fold htwe been formed in the Hoh 
formation. A broncl anticlinal fold extend~ from Porks post
office on the Dognchiel Jljycr south mud in to ,Tcffer on County. 

Its soutliwllrcl extension lrns not been definitely determined. To 
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the west of this anti clinal fold n ynclina1 fold ha been de

veloped approximutcly parnllel to the const line. The west

ern limb of this syncline ha been dcnilopcd into a scrie. of 

trnn verse fold, haYing an average h cnd of North 30° Ea. t. 
~carlv nil of the e ar<.' intersected by the roa, t line and their . . 
po ·ition hits been definitely determined. Their true po. itioo 
nu.1.y he een by referring to )fop A, Phtti: IY, a well a on 
the structural map, Plate XI. The ttbove described tructu re 
is t erminated by the Jong axis extending out towawls Cape 
FJattcry and pcrha.p by an cxteo. ivc fault c~iending from 
Point of the Arches southeu.terly up ok<l nck River. 

'1'DJ!tl OF 1'01,IH:-n. 

The three main struttnrn.l upwai-ps nHty htlve been initi t.1.tecl 
nt the tlo,;e of the Jurnssic. No clcfini t cl.\ known Cretaceous 
rock,- m·e known in the Olympic ::\fountains . They do, how
evc1·, skirt the north i;hore of Vancouver I s land and extend into 
northern VVhittcom Co1111ty. Apparently Vnncouver L,land, the 
Olympic :i\fountains and the northern C11 ct1des south of the 

kRgit River were land ineas during the Cretaceous. The 
Eocene, ·j\[iocenc Hnd Pliocene formations are absent from the 
c:entrnl portion of the Olympics and Ytuict)UYcr I sla nd. It 
would ap,Pear that deformationn.l movement s produced uplifts 
along these upwarp so as to bring a p tirt of tbe scu. floor 1tbove 
ea level. A transYerse dO\rnfold along the Puget ound-Co\\'

li tz Ya Ile)' depression p erhaps was al. o init iated a.t tlii time. 
As a result of these earth making u10ve111ents, it is probable 
tlHit the cmh1tynicnts in which .Eocene sediwents accumulatccl, 
were forn..1ccl. At least tbesc u1ovcrneuts nmst have helped to 
influence their distribution. Neat· the begim1j11g of the QJjgo

cene epoch movements of the crust in tliis part of the s tate seem 
to again h1we produced <lownfoldi.ng nod upfolrling ~dong these 
same lines of folding. New basin. of deposition were devel
oped, chiefly in the synclinal trough n.long the Strait of J uan 
cfo Fucit to King County nncl front Gro.ys Harbor south to the 
Columbia R iver. 
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At the do ·e of the Oligocene epoch the marine strata which 

had been deposited during that time were folded a.nd uplifted 
and apparently raised high abo,·e sea level. The localities of 
greatest uplift appear to ha"'•e been iilong the areas of the three 
upwarps as sliown upon the structural map. 

Near the close of the Pliocene the Cnscade Moun tains were 
brought into their present position. During the elevation of 
this peneplained surface the formations were being developed 
into shallow elongated folds as indicat<'d upon the structural 
map of western Washington. The Pliocene uplift is believed 
by the writer to ha.ve been an intensified upward movement btlong 
the axes of the same upwarps which had their beginning possibly 
at the close of the J ur11ssic. As a result of studies in the we t
ern part of the state it seems probable that differential dia
stroph ic moYements were taking place with varying intensity 
from the Cretaceous to the Pleistocene nncl along the snme major 
lines of folding or upwarp. The times of most intense movement 
were at the close of tbc Jurassic, the Oligocene, the lower :Mio
cene and near the close of the Pliocene. Tlte present topog
raphy ancl structure probably in part owes its origin to dia
strophic movements initintecl at or near the close of the ,Tura;;sic 
1ind to a continuation of those movements during the Tertiary 
i11 a more or less intensified form. At the close of the Pliocene 
the most importtmt folding occurred. 

F.\.UL1.'S. 

Because of the dense covering of vegctai ion 1ind of Pleisto
cene deposits it ha been impossible to determine many faults 
which undoubtedly exist. Dctail<'d studies have been made in 
the King and Pierce county coal fields and numerous faults were 
encountered. :\fany of these show a clisplaccmcnt of onl.,, a few 
feet, while othe1·s are displaced more than 1500 fr.ct. The prc
vai'ling directions arc northwest nnd southeast. In southwest
ern Washington many faults of small extent occur but arc not 
of sufficient importance to be represented upon the map of ii 

scale used in this report. North of Cape Elizabeth along the 
shore t~ fault occurs which extcn<ls southeasterly and interi-ccts 
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Qucniult River about four rniles from it mouth. The upper 
l\liocenc straht 1·c,; t against those of the older floh fonnu.tion 

~·dong the fault plane. 
F a rther north on the coast a possiLle fault extends from the 

11ortl1 side of Portage H ead soutl1easterly and crosses Hoko 

River in cction 24, Tmrnship 31 North, Range H We t. From 
that point it pas cs into the Olympic Mountains and ha not 
been examined. A ·imilar fault may exi t on the outh side of 
Point of Arches and trends parnllcl to the one just mentioned, 
but the eridcncc is not conclu iYc. 

On Vancouver Island two fault. occur extending nearly cast 
and \\'est. The south fault extends from cmbrio Point towards 
, , ctoria ancl separates the Eocene basa.lts on the south from 
the older )[csozoic mcta1110rphics on the north. The clata con
cerning faulting on Yancouvc•r Island h1we been determined by 
Charles H. Clapp of the Canadian Geologi ..:al Survey• ,rnd to 
him should be given full credit for thi information . The 
basalts which were mapped by him as the )fctchosin formation 
wer e consid er ed to be of early :Mesozoic a ge but T cjon fossils 
ha,·e been found in tl1e t uft phase at Albl!rt H ead, proving it 
to be of Eocene age. It seemi; best to incorporate this data as 
it has a direct bearing on the structure in ,,rashington. 

GEOLOGIC HISTORY. 

Yery litt le chibt is 11.t hand concerning the g eological history 
of western ,va shington during the P a leozoic, cspecia11y the 
earlier half. In the northern Cascade :\fountains, in the San 
.Juan I slands and on Yancouver Island, an extensiYe series of 
metamorphic rocks arc found which in plat·es contain C,·inoid 
remains. rrhe species cannot be exactly dctermi necl but t hey 
strongly suggest a Carbonifcrnus age. l"rom the lithologic 
tha.ract er of the mnterials occurring within these presumable 
Ca rbon iferous s trata, it is possible to imagine the probable 
geologic coudi tions which then existed. 

The la rger portion of westem ?la hington appears to have 
been part of an extensive marine a rea which was probably con-

• ~[emolr Xmnher 13- t.rologlt nl l':111·v~r of C'anadn. 1!lt2. 
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11ccted with cmbaymcnts which were <lcfinitd_v known to exist 

in Idaho, Oregon, Nevada and C'aJifornia. The indi<-sttion,; on 
\' ancouver hlancl an<l in the northern C1tscndcs poi11t to the 
occurrmce of nuotcrou,; ii:;lands, sonic of wluch may ha ,·c hecn 

in the nature of volcanic cones. \'olcanic ndivity appears to 

hnvc tuken pince in this region dnring the C'arhonifcrous. De

posits of volcanic a::.11 as well ns lavas arc found intcrhedded 

with the C~trhonifcrons scdimcntarics. 

At present there secn1i:; to he no w1iy of distinguishing bc

hn:en the Carboniferous nnd Trias:,ic formations in the western 

p1trt of the state. Dchiilecl studies in the future may pcrn1jt 
,,,1d1 distinction:, to be 111adc. A:. far as we arc ablci to juclg-e 

at present the geogntphi<'td ,rncl climatic conditions during the 
T rinssic were very similar to tho,;e during the C'nrbonifrrous. 
Tropic-al <'onditions p1·e,·niled during both pcl'iods. 

The C'1tscaclcs at this time dicl not exist in their present. <'On

clitio11. The Pcshastin forn1tltion in eastern V\Ta,;hington, the 
Gunn P eak formation in the Skykomish rn.llcy and the old 

mctumorphiC' ro('ks of the Skagit valley an• prcsumablj' of the 
sa11Je age 1uul were deposited during the Carboniferous and Tri
assic. If this assumption be correct, the open setts OC'cupied 
all of north1T°cstcrn vVnsliington, including the present site of 

the Cascades. I n southwestern ,vashington and northwestern 
Oregon tl1e upper sm·face of the T riassic and Carhonifero11s 

rocks is far below sNt-k•vcl and is covered with an enormous 

thickness of Inter Tertiary forllltltions. Nothing is known con

cerning the c·hnnictt'l' of the Carboniferous and Triassic sea. 
in thllt region. 

Ycry little is known concerning the Jurnssic in "·cstcm 
vVashington. 011 the western slope of the Olympic 111ountai11s 
a tl1ick :.eric:,, of scmi-metam01·phoscd strata which hu 1·c been 

designated as the Hoh formation ine provi,ionn.lly assigned to 
the ,Jurassic. If this assumption be corrcd, we may consider 
the present site of the Olympic :.\lountnins ns lrnving bern u11-
dcr water during J 11rassic: time. 
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T oward the clo e of the Jura sic, volcanic activity began on 

im extcn ivc scale. Great masses of igneous materials were in

jected into the earth's crust iJ1 the form of batho]iths. These 

were fir t of bas ic or ultra basic compo ition. Following th is 

came intrn ion of granodiorite. Thi. igneou. activity in 
" ' ashington was a phase of similar invasions which were com

mon to the entire P acific Coast From Mexico to Ala ka. In the 

Ca. cadcs the e intru ivc are reprc ·ented by the greiit masses 

of pcridotite and :Mt. Stuart granodiol'itc, as well as the Index 
granodioritc. Accompauying this igneous uctivity or just fol
lowing it, important deformational movements began. 

No deposits of lower Cretaceous Ol' Knoxville age arc known 
with in the sbte of W asbington . The larger part of the state 

is covered wit h fo rmations of a later p eriod an<l it is possible 

tbnt the lowe.r Cretaceous tLu1y be bur ie<l hencath. In the north

ern part of the state the upper C retaceous .or Chico s trata arc 

present and reprcset1t an embay men t which was developed in 

Brit isl; Columbia, and extended southward into San Juan an d 

Whatcom cOLmties. This sea extencled over the northeastern 
part of Vancou,,er I land. Submerg ence appears to have been 

rapid duri ng the early part of the Chico epoch but toward the 
do e t he seas bect1me shallower as attestetl to by t he massive 

sandstones and conglomerates which constitute the upper part 

of the Chico as exposed upon Yanconver I sland. 

Tl1crc is no definite evidence cooceroing the geolog ic 11nd 

geog1·aphic conditions in western W ashing t on during the early 
part of the Eocene epoch. ]>resnmably the entire area was 

slightly elevated abow sea level. In southwestern Washington 

and in the Puget Sound B asin fo rmations of upper E ocene age 

occur which can be con·clated with the 'l'ejon formation of 
( 'ali forni tt. 

D uring the upper :Eocene the Cuscailc Alo.urrtains were not 

in existence. T he Olympic l\loun tnins wcrc pt·csunmbl.v a land 

area of tons iderahle elevation ~md were separnted from the 

mountains of Yancouver I land by n. dO\rnfold which at times 

was pll rtly i:; ubmerged. Early during tlie T ejon epocl1 south-
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ll"estern \ Y1tRhi11gto11 wlls inviidcd b_r fll1 embaynicnt from the 
ocran. T he shore line ultimntely n ·M:hcd the present site of 
the foothills of the C,tsc1ules but dicl not <·onncrt witli the fresh 
water la,kcs on the e1t,;tcrn ,;icle. An arm of this embayment 
e.xtencled into the Puget Sound Ililsin nn<l e,·cn for some distan ce 
into the Strait of J uun de Fuca. L1trge ustuinics existed to 
the c1Lst of the innrine e111hayn1cnts and emp tied into t hem. To 
the enst in the ccntrnl portion of the present site of the Cas

cade :\lounbt in. there were lttkc:s who. c shore line~ ,n•re prob
ably not far nboYc sell level. 

Du ring the progress of the T cj on epoc!i the smf1tc·t• of the 
land iu·c.ts a~ ll't>ll a~ the floor of the cmha:vments were under-' 
going differential np1rnrd and downward 1110vl•n1ent.:;. The 
,;horc linc·s were advancing 1tn<l retreating. Estuarine concli
tioi1,; n·erc bcco111i11g mnrinc for a time and t hen reverting bttck 
to ci; ruarine. Tropical climates prcn.ulccl allowing the de\'<:lop
mcnt of a rich invertebrate 1unrinc fauna as well as a tropical 
fi<>rn . Palm. nnd giant ferns wu1·e growi11g on the low irn a111py 
lands bordcri11g the c:.tnaric:. m1cl lakes. rr hr tdternate eleva
tions anrl depression,- of thl' hind etw sed the growth Mid huri ttl 
of tropica l forest s whiC'h arc pn•sen ·ed in the form of rarhon-
11.ccous shales tllld con) sean1,;. OccftsionilllJ ha'<i<' lavas were be

ing ernpted p re LlllHtbly i11 p!Ll"t through fissures itnd po:-,,-ibl_v in 
part through small \'Olcanic cones. D eposits of ash and Rows 
of lttrn ,,·ere formed both on the hmcl auc1 upon the floor,- of the 
cmb,iymcnts. In the Cllscadc iiountains two large lakes were 
developed. The earlier litke basiu itllowed ! he accumulation of 
the sitncbton es and shales wl1ich ha'"c been ilcscribcd 1Ls the 

wnuk formR.t ion. T his lake was finally drained p resumably 
through one of the estuaries in K ing a11d r ;cl"cc countie;l to the 
urn.rinc cmbnyrnents. The deposits whiC'h h,,(1 form<.'d within it 
were slightlx foldecl and then i11 1•ndcd by hiualtir 11w.glllas which 
aro e th rough numcrou pnrnllel fissures nnd uccum ulatecl upon 
the su rface as the T eanawny basalt. Litter cliastrophi<' move
ments developed another tlrnh1nge basin in which the sediments 
of the R oslyn formation were luid do,rn . Later this lake was 
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nlsc, clrnined and the water p resunrnbly found theil' way to the 
west into the ocean. Probably the same movement which were 

distu rbing the land tll'Nt on the pre cnt . ite of the Cascades 
were effecting the ernbaymcnts to the we. t. It i po sible that 
the great lithologic variations in the character of the e tuarinc 
sediments of K ing and Pierce counties may have had ome con
nccti.on with the draining of Swank and Roslyn lakes of the 
central Cascade. . In eastern Washington volcanic activity wa 
111ore or le. s prevalent dnring the entire Tertiary period. In 
western Wa. hington it wa almo t entirely confined to the 

Eocene epoch and to the Quaternary. Thi tateme11t does not 
apply to the western footl1ills oF the CR. c:i,de l\lou11tains. 

Early in the Oligocene epoch there was ~\ more gcncrn1 i<ub
·idenrc in the western part of the state. ):l1ni11e cmbayn1cnts 
extended s ljghtly farther cast than du ring the Eocene epoch. 
'fhe (!X:tcnsive estuaries which were in existence during the 
Eocene disappeared. T he marine faunas underwent evolution
ary change aud many s pecies chuntctcristic of late T ertiary 
and recent time nmdc their fi l'st itppcanincc. D uring the prog
l'ess of Oligocene time the faunas were unck:rgoing changes but 
even nt the close of the epoch the most important genera showed 
tropical characteristics. D ur ing t.hc later portion of the Ol igo
<·cne epoch the nutr ine embayments became 1110 t widcl_y spl'eacl. 
T he h11·gcl' portion of the P uget ound Basin became an cm

bayment and it is possible that the waters of the ocean gained 
access through the Strait of ,Juan de Fuca rnthcr thu11 through 
so11th westcrn W itshi11 gton . T here may haYc been n land con
nection bet.ween the Olympic i\Iounblins ru1d the pt·csent site of 

the Cascades. 

During both the Eocene and Oligocene and probab ly t h~' 
Cretaceous the Olympic :\fountains were presumably undergo
ing vigorou:,; erosion and possibly had r Mched a condition of 
pencplunation by the middle of the Oligocene epoch. l\Iany of 
the higher pettks of the Olympic Range M l' 111onacl11ocks upon 
the l';Urfacc of the p rncplain. 



1'he 1'ertiar !J Formations of Western ll' a.fhington 257 

At the close of the Oligocene there was a slight clcvution of 
the western portion of the state whirh resu ltcrl in the with<lrawal 

of tl1e mnrine cmbayments over considerable itreas. '.rlie Puget 
, ound Basin up.Pears to hnvc been entirely <lrni11cd as well as 

a large portion of the eastern J nun de Fuca clown fold. Smaller 
eJUbayments still existed to the north of Columbia River in 
P aC'ific and Wahkiaku111 counties a. well as in the Grays H a1·
bor region. On the whole shllllow water sens prevailccl nnd in 
these a marine fauna lived reprc. cntn.tive uf a rolder clin1atc 
than during the Oligocene. ..\ t the dose of the lower ) [ioccne 
the entire Pncific Coai;t 11·afi effoctcc1 by 1111wkecl dim,trophic 
movements which brought the enti re western portion of Wasl1-
ington above sea lcvcJ. During the Oligocene ;tnd lo11·er :Mio
C'enc epochs a maximum of 18,000 feet of sediments were de
posited in m11rinc en1bay111cuts. At the do;;c of the lower :\[io-
cenc these deposit$ were folcled and uplifted. . 

At the opening of the upper i\[ioccne epoch two lornl en1-
liaymcnts were cJe,·clopctl. One of thcsc existed in south"·cstcrn 
Clallam County near the junction of the S01d11c ~tnd llogad1id 
rivers ancl the other was to the cast nnd north of Grnys Ha1·

hor. During most of the epoch the waters in these e111bay111ents 
were shallow an<l con hli ncd a rrntri nc in vcr tehrnte foun,t stri k
ingly different from the Oligocene and lower :\I iocene faunas. 
The coarse grained and crosia; heclcled dlllrnder of the sedi111cnts 
indicate the existence of snnd biu·s or spits some,1'111.1.t similar 
to lhose protccti.:ng Shoalwakr Bay and Gl'Hy;; llnrhor to-dny. 
Hy the close of the ) l iotcnc or llt lcnst enrly in the Pliocene 
these two areas wcrc clcvntcd above :;ca level. Apptirentl.r the 
land arc,l of the 1',tatt• cxtcncled much farthc1· ,,,eaward than ,lt 
tl,e present time. 

During the Pliocene epoch all of we tern as m.111 RS ctt,;tcrn 
Washington wits 1t laud n ren. No marine deposits nrc known 
to occur within the stn.tc. The present ,,ilc of the C'11sc1tcle 
:\fountains wns undergoing vigorous erosion nnd being n·dncl'd 
to tl pencplain. ' rhc ()J Jl11 pie i\ fou O lt1i11s ll'Cl'C pr<:-str lllahly lllOl'e 

- !} 
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highly elevated tba.n. the Cascades but wc1·c till in a peneplain 
condition. T he pre-Pleistocene topography of tl1c Puget Sound 

Ba in was ucing developed during this epoch. The bjstory of 
the Pliocene in Washington i. a record of dia trophism and 
ero ion which a.t the present time i not very well known. 

At the clo e of the Pliocene or earl J' :n the Quatcrmlry, 
mountain making movements were taking place throughout the 
entire Pacific Coast. The pl'Cilent Ca~cadc Range of Wa Jiing
ton and Oregon as well a the Sierra N evarlas of ( 'tdifornia were 

uplifted. The Olympic Mountains and the major portion of 
'f ancom·cr Island were al o eleYatcd to an elevation of at lea t 
i3,000 feet. During the proce of uplift the pcncplnin . urfacc 
of the Cascades was lightly wal'ped into a scrie of northwest 
and ,,outhcast sltnllow· folds. T he more :ruportaot drainage 
rcntlll'es of the rnoge were partly dependent upon U,e positions 
of these fold,s. In both the Cascades m1d Olympics the pencplain 
surfaces were immedintcly attacked by ero,;ional agencies nnd 

the djssection of the uplifted masses begun. In the Ol;ympic 

l\Iountaios such peaks as 1\l t. Const.,nce. Augelcs, Eleanor, the 
B1·other;; nnd Olympus m·e residual monadnocks upon the sur
face of the originfl) peneplain. The principal river v1illeys of 
the 1·nngc have been carved dow11 into the upliftC!d peneplain 
surface of the motmtains. Upon the uplifted peneplrun surface 
of the C'asC'ade ) I0unt11ins volcanic CCHH.$ we.re built up, such 
ns l\lts. R ainier, Baker, Ach1ms, St. H elen'- nnd Glacier P enk. 

r
Yolcnnic peaks arc entirely absent from the Olympic )foun
tains. The pea.ks in that range arc compo5cd of 1uchunorpbic 

rock which bcca.usc of their resistance to ero ion 1,a,·e been left 
ns monadnocks. 

;:-Vter the voJcnnic coue of the Ctlscadcs had been formed 
illld the nwge lmtl undergone ,·igorous erosion the g reater por
tion of western W nshington was ubjectccl !:o glaciation. Tbe 
two main advances of the ice, ,vith the l'Ccord of a11 interglacial 
<'poth, "·e re de c1·il>cd in n previous cl1aptcr. 

i 



CH.Al1TER VIII. 

r ETROLEUi\I DE P OSI TS. 

GENERAL STATEUENT. 

Petroleum is csscntiaUy a mixtm·<' of several orgauic com

pot111cls c·ornposed for the most part of hychogen and carbon 
w1ited iu the fo rm of hydrocin·Lons of variable composition. In 
association with tl1ese theTe ~re usuii.lly sm1lll amounts of o,ygen, 
sulphur nncl nitrogen. The re a rc various kinds of petroleum 

but they arc usually grouped into tbrC'e cl1is. e -the p1traffin 
typ<', the asplialtic tJpe and the olcfine type. The paraffin types 

arc the i:;ource of most of the refined p etrolc11u1. T he asphaltic 
types con,;titutc a sourc·<' for fuel oil and oil asphalt. The 

okfinc type is n source for both fucJ and refini11g purposes. 

Asphallic oil,; wht'n slowly distilled yie1d a dark residue of 

asphnltic matcrial which is en.hiJy ~olnblc in llcids. P araffin oils 
when slowly hcntccl yield on reduction it considenible 1t111ou11t of 

light co1orcd sol id hyclrocnrbons which heiong mostly to the 

paraffin -.erics, and arc not cnsily ,1.ttacked hy ac·ids. 
N,·arly all asphnJtiC' oi ls as 1t rule contain tntccs of solid 

purnffin 1llld the majority of paraffin oils contain asphnltic 
produds. ~\ s a rule crude petroleums of one type clo not con
tain undue p roportiom; of nnotl1cr type. All crude petroleums 

possessing either an asphaltic or paraffin C'haractcr are com

posed of a nlixhtrc of hytlrocarbons of cliff ercnt boiling points 
and densities. The various hydrocarbons constitutiug such pe
troleums ll'hcn subjected to heat arc evolved whenever tlw tc111-
pcrnture of their boiling poi11ts is reached. 

In most oil be,u-ing clistricl1; in diff ercnt parts of lhe world, 

the members of the paraffin scri.cs of hydrocarbons form one of 
the chief constituents of petroleum. T he h igher members of 

t]1is series which ttJ'C usually »olid nrc et')mparatively rare. 

::\Icthnn~', CH i, is the lowest member of this series a11cl occur;:; ns 
n gas. It is present in solution in la1·ge qui.ntities in most oils 

and also occurs as {)ne of the chief constituents of nntun\l gas. 
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It is ft atlU'ated hydrocal'bon ana upon analy. is nornmlly is 

found to contain 75 per cent. of hydrogen 1111d ~5 per cent. of 

carbon. In addition to oxygen and nitrogen, other organic 

con titucnt which may be prc$cnt in the fo rm of nsh, arc cal
cium, iron, aluminum, copper oxide, . ilvcr, arsenic and pho -

}Jhorous, all of wbich occur oa ly in exceedingly mall amount . 
Petroleum range i11 color from a browoi 11 black to reddish 

green and yellow and in pecific gravity from .780 to 1.0. In 
a crude tate it i a Yiscou liqLtid. 

SOURCE OF PETROLEUM DEPOSITS. 

Geologist a.re almost unanimou ly of the opinion that nearly 
nil petroleum deposits arc derived from org,mic sources and not 
fron1 inorganic. Those who haYc advanced the inorganic thcor.v 
of origin arc largely chemists. Their ideas have been deduced 
from experimental clat.t 111 tbe lahonitory and not n.s a. l'Ule 
from the geological occUJ·rcnccs of such deposits in the field. 

It is believed tliiit in most cases p ~trolcnm has arisen from 
the rcn111i11s o-f animal life wl1ich formerly w:is in existence dut·
ing past geological periods. ln ome cases p lant life has H.cted 
as a sotu·ce. Chemical examinations of living animal organ-
1-ms show that they arc compo eel largely of fatty material , 
while plants are for the most part composed of cellulose. Cer
tain plants of low development in the biologic scale such as 
diatoms have fats 1t t.heir chief constituent. Annly e of pe
troleum co111pot1nds show th11t the chemical substances entering 
into them at·e more closely related to fats than to ccllulo e. 

At various times e.,pcrimcn ts have been performed in the 
hiboratory to bring out certain rclationshi ps between the chem
ical composition of petroleum as con1pared with tbnt of anirnal 
li fe. In 1888, Engler distilled 490 kilograms of fi sh oil and 
obtained n. distillate similar to petroleum. Distillation was com
menced at a tcmperntu1·e of 320° C, under ft pressure of 4 ut
mosphcrcs. H e obtained 60% of distiUn.te which hitd a specific 
grnvity o( 0.8105. From the distillate a light oil indistinguish
nblc from commercial kcl'oscnc wa;; obbtined. 
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In most oil bearing districts there t:1.ppc11rs to be a mo1·e or 

less definite l'elationship between the presence of fossil animal 
remains and the strata containing the petroleum deposits. On 
the island of Trinidad there 1tre extern,ive asphalt deposits wl1ich 
occnr in asphalt lakes. The strata associated with these as
phalts contain vast numbers of microscopic marine organisms 
known as Forarninifera. It is possible that the soft organic 
tissues of these organisms after having undergone chemicitl 
changes may haYe been the source of the petroleum. 

In Scotland there are shu.les heavily charged with petroleum 
which arc known as oil shales. Upon distillation they yield 
conl>idernble nmounts of liquid petroleum. Associn.ted with 
these shttles arc large quantities of fossil fish remains. There 
nHt_V have been a genetic relationship between the petroleum 
and the original soft organic fats of the fi..,h. 

In the iiississippi Basin and in the Appalachi,tn states 
there 1tre extensive belts of limestone of P alaeozoic ~tgc which 
were in part formed from the hard calcar~ous remains of ma
rine animal life. These organi ms originally contained soft 
organic tissues. The oil and gas deposits of these areas arc 
associated with the limestones or the OYerlying or underl_ving 
sandstones 01· shales. There may be a relationship between the 
petroleum and the original organic life of those regions. In 
Mexico similar relations exist between the Cretaceous limestones 

. and the deposits of oil. 

The soft organic fat from fossil microscopic marine diatoms 
may have been the source of the petroleum in the oil fields of 
southern California. During the lower Miocene a portion of 
the Coast Ranges of California was an arm or embayment of 
the ocean. ,-vi thin this embayment there sw,u·med uncountable 
numbers of diatoms. During the existence of this sea em·i ron
mental conditions appear to have been favorable for the con
tinuou development of these forms of life. As 11 result a for
nmtion was built up consisting in part of deposits largely com
posed of the siliceous remains of ditttoms. These siliceous shales 
are known ,1.s diittomaceous shales. They hnve t\ direct rela-
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tionship to the occurrence of petroleum depo its in the Cali
fornia field . Sand tones occur below, above ancl interbc<lded 

with these hales, and wherever they come in contact with the 

diatomaceous shales 0 1· cherts, they u ually contain petroleum. 

,vhcrever the sandstones are present and the diatomaccou 
shales are ab cnt the fonner arc usually barren of petroleum. 
In other words the sandstones act as a retainer for the oil and 

gas and the cliatomaceous sha1es hare been the ource of ·upply. 

To many people there i a general impression th11t there 

exist a definite relation hip between the occurrences of coal 
and oil. From a genetic tandpoint they are unrelated. Di. -
tillations of coal do not g ive rise to chemLral compounds of n 
character similar to petroleum. Oil may occur in strata of 
the same geological age as coal deposit . It may even occur 
with coal but when such a condition obh\.ins, each usually has 
been de:rivecl from a different source. 

GEOLOGIC DIS'l'RIB'OTION OF PE'l'ROLEUM DEPOSITS. 

Deposits of petroleum and gas i11 varying amow1ts have 
been found in the st1·ata of all periods from the Camb1·i an to 
the P liocene. As a rule in any one locality petroleum is usually 
confined to the strata of one or two periods. In the Appa
lachian and 1\Iississippi Basin regions pctro1cum and natural 
ga. are found in the P alaeozoic strata. D uring the l\lcsozoic 
and T ertiary these regions were largely lan<l areas an,1 condi
tions suitable for the development of pctroieum did 11ot exi t. 
~n L ouisiana and southern Texas petroleum and gas arc found 
in the Cretaceous, Eocene and i\Iioccne trntii. On the P acific 
coast of California there exist strata of P alaeozoic, Mesozoic 
and T ertiary age. 1~he P alaeozoic forn1atious occur only in 
scattered tU"MS and are almo. t barren of petroleum and ga . . 
There are enonnou thicknesses of Cretaceous and T ertiary 
rock in the Coast R ~tnge . Nearly n.11 the petroleum deposit 
occur within the T ertiary formations. 

Examinations wl1ich h,we been made of oil bearing di trict 
in different parts of the world indicate definitely that petroleum 
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may c)ccur in strttta of any geologic period. Dm·ing any one 
period, geologic conditions in one locality ma.y have been favor-
11ble fot· the formation an<l tlccumulation of oil and gas and 
in some other locnlity perhaps not far nway those conditions did 
not exist. The result is that the rocks formed at the same time 
in one locality may be entirely barren and in nnother contain 
ri<' h dcpo its of oil. 

RELATION OF GEOLOGIC STRUCTURE TO THE OCCURRENCE 
OF PETROLEUM. 

Geologic structure has a ver_y impo1-tnnt bearing upon the 
orcu1'l'cnc·e of oil nnd gas. 'When pre ent in any region the,r 
u1·c usmdl,r associatecl with sedimentary rocks. rl'hey arc Yet'J' 
gencl'ally absent from igneous or metamorphic rocks. Scdimcn
tl\l'y strnht arc usual1y cornposed of alternating layers of sand
stone, eonglolllerntc, sh1tlc and sometimes limestone. V cry often 
thcl!e grade into one ·1.nother. In most regions oil bearing 01· 

other strata are sornctimel! thoroughly penucutcd with wntcr 
which tt'nch to flow its an underground cuncnt. In many cases, 
especially in oil pl'Oducing districts, this water is heavily 
charged with chlol'idcs. Sandstone is a much more porous rock 
tl1an shale and if oil or water, or both, arc present they nccumu
htte in it to n greater extent than in the shnle, which acts as nn 

impervious la_ycr. .As the water and oil circulate through the 
sandstone zones they tend to parfodly separate according to 
the htws of gmvity. 

As a result of iJl\'Cstigations which have been rarricd on 
in mimy parts of the world it has been clemonstrn.ted that there 
a re very few instances where scdimental'y rocks lie nbsolutely 
horizontal. At the present time almost no piut of the eitrth' s 
crust is remaining entirely stationary. Differential movements 
arc taking phicc resulting in depression in sonic localities and 
elevation in others. Sometimes these move111cnts a.re extremely 
slow and at other times they take place with considerable rnpid
ity. The combined result of uch disturbances is to throw orig
inn.lly horiwntal strata into wavelike undulations. These are 
gcncrnll_y referred to as folds and the t1p1rnl'Cl portion of them 
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as antic]jncs. The lower or do,,'llfolded portions arc spoken of 
as synclines. The line 011 the surface follo,ving the highc t 

points of an tinticlinal fold is know11 as an anticJimil axi . The 

angle of lope of the strata on the flanks of an anticline may 

rnngc from less than one degree to nin ety degrees. Sometime 
originally horizontal strata may be slightly bulged upward to
witrd a point 011 the surface. The tructure of such a mass 

.would appear . imilar to a very much flattened cone and the 
angle of slope of the sudace of the cone might vary . lightly 

from place to place. Such . tructures occurring in nature arc 
known as dome . 

When a series of horizontal strata such as have already 
been described contain water or oil or both, arc capped over 
with impervious shale layers a nd are t hen folded into domes or 
anticlines, the water and oil will tend to circulate along the 
undulations of the strata. They also tend to maintain the 
same gravity relations as they formerly did when the strata 
were horizontal. To a certitin extent the wtiter ci.rculatcs below 
and the oil above. After the strata have been folded the oil 
will tend to rise to the highest points possible in the undulating 
la,Yers of sandstone, and that will be beneath the axes of the 
an t iclines or the apiccs of the domes. The result is that as 
the oil and water eircuhite in the undul ating stnitum of sand
stone a. large portion of the petroleum wiU accumulate tmrnrd 
the axis of the upfold leaving less a nd less in the downfold or 
sy ncline. As a r esult whenever a well is bored at some point 
nlong the axis of an anticline 0 1· on the upper portion of a. dome 
and an oil bearing Slind tone is tapped, petroleum ao<l gas 
may rush t o the su rface in the form of a g usher or it n1ay be 
11ecessary to extract it by pumping. If a well be bored along 
the ax is of a syncline and the oil bearing stinclstone zone be 
reached salt water instead of oil nrny be obtained. The. c facts 
have been recognized in prnctically all t he oil producing (folds 
of the world. Such field data as will record the position of 
anticlines and synclines is among the most in!portant which a 
geologist seeks in making a n examination of an oil district. 
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In ,l few instances it happens that there arc oil bearing 

sandstones in which petroleum deposits arc present but whe re 

water is absent. In such cn. cs, the oil tends to circulate through 

the sandstone but since no water is present it is not forced to 

the upper portion of the sandstone zone. It permcn.tes the 

whole sandstone stratum from top to base or perhaps is pres

ent in larger amount near the base. It docs not however, as 
before, tend to accumulate near tbe axes of anticlines but rather 

in the synclinal troughs. Such conditions ·1rc extremely rare. 

It is of very common occurrence in most oil districts tlrn.t 

there arc several trnta of oil bearing s1t11dstone altern<iting 

with impervious layers of shale. Each sandstone zone may be 
considered ns an oil reservoir independent of nil the other sand

• tone zones. It would be possible to tap an upper zone and 

cxtnict all the petroleum within it and not in the least disturb 
thnt in tl1e ;,:ones beneath. After such a sequence of strata 

have been formed nnd folded into anticline an<l synclines, they 

arc ordin,u-ily subjected to erosion. Such erosion ma.v be suf
ficiently vigorous to remove a portion of the overl_ying shale 

stratum tincl allow a small part of the oil bearing sandstone 
zone to become exposcrl to the atmosphere. \,V11c11 this occurs 

the more volatile constituents of the pctrolc11m will tend to evap

orate an<l ultimately leave behind a viscous or solid mas. of bhu·k 

a~phaltum or light colored paraffin. Su<'h occurrences arc to 

be found on the island of Trinidad in the W est Indies and in 

the Lake Athnbt'lSKt\ region of Alberta. It is to be inferred 
from the occuncnce of an asphaltum outcrop upon the surface 

thnt at least one oil bearing stratum has by natural pl'occsscs 

been destroyed as a petroleum procluccr, hut it docs not indicate 

thnt the re arc 110 more petroleum bearing zones below. In most 
regions where oil deposits are known to occur and where the asso

ciated strata have been folded into anticline. ancl . ynclines b_r 
minor or major stresses, breaks or crnC'ks have been dcvc1oped. 
These are geologically known as faults. Thc_y may extend from 

the surface downward for consickrnble distances. Occnsionnll_v 

such faults may brnnch and some of the bmnchcs nuty taµ oil 



~66 Bulletin No. 13, Washington Geological Survey 

bearinO' sand tones. When such a condition occurs the lighter 
0 

constituents of the petroleum may in small amounts travel along 
these cracks town,rd the urface. Seepages of oil may r each 

the urface immediately above its sou rce, or ~ome distance away. 

It may reach the surface at the ax-is of an anticline or ome

where along the axi of a syncline or in between. A. a re. ult 
it is· apparent that if an underground acc:nmulation of petro
leum be present it i not necessarily directly below or in the 
near vicinity of a. urface eepage. 

POSSIBLE OCCURRENCES OF PETROLEUM IN WESTERN 
W ASHJNGTON. 

rrhere are conditions in certain geologic formation ,vithin 
this state which absolutely prohibit the occurrence of petroJcum 
deposits. In certain other fo1·matio11s petroleum might occur 
and in still others there is definite proof that it is present, but 
wJ,ether in commercial quantities or not, has not been demon
strt1.tecl . The conditions which would allow of its occurrence are, 
first, the presence or formet· presence of some material from 
which it could be derived; second, the presence of some sedi
mentary strata which could act as a retaining r ese rvoir; third, 
the presence of ome impervious capping such as a shale or 
clay stratum to prevent its escape to the surface; fom-th, an 
arching of the strata either into domes or anticlines to a1Jow of 
its segTegation. The presence of metamorphic rocks or ig
neous rocks are highly unfa,1orablc to the occurrence of petro
leum within them. In formations, however, t11at have been met
amorphosed there might be local areas which have escaped or 
are only semi-metamol'phosed. I n such formations, if nJJ other 
co11ditions are present, petroleum deposits might occur. In the 
examination of the geol9gy in any p articular district it is nec
essary to determine in J10w far the above condjtions apply, and 
upon such a basis to decide whether the possibilities for the oc
currence of petl'Oleum deposits a.re favorable or unfavorable. 

It often happens that on the surfaces of · ponds or marsh 
areas an irridescent scum appears which is commonly mistaken 
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for an in<lication of oil. OccHsionalJy m,nsh gas may nlso c -
cape from such i.1.rcas and convince an obsen-er tlrnt oil deposits 

OCC'Ur below. In Tegions wJ1ere fron oxide forms a part of the 
ccmenti11g n1iitc1·ial of sediments or is a residual from roek decay, 

it may nlso collect as a scum arow1d the opening of a spring 
or on a sttlgnant pool of water. A chemical e:rnrnimltion of 

l'U<'h deposits would show tha.t they haYc no relation to the oc
cutTCU('C of petroleum. 

CASCADE MOUNTAINS. 

The Cascade ?ilountains u.1·e composed for the larger part 

of igneous and metA,morphic rocks. A few· sc,ittcred areas of 

Eocene an<l ~Iioccuc 1acustrinc sediments occur in several phtccs. 
hut no hirgc quimtitics of organic animal remains have hcen 

found within them w]1ich cou]d give 1·ise to petroleur11. In the 

northern c~uwades there arc extensive areas of granite and other 
deep seated rocks. In the southern portion of the ('a. cadcs the 

old granite n_ncl mchimorphic surface passes dow11 to or below 
ea level and is covered with an ex-tensive series of laYas aud 

luffs. 'r he Cascade l\lountains as n \1·hole may be elimim1ted as 
a possible source for petroleum. 

PITGET SOUND BASIN. 

Ol ,ACIM, UEPOSITS. 

The fargcr portion of the P uget Sound B11.sin exclu;;ivc of 

that occnpiccl 11•ith marine waters is more or Jess heiwily ve

n<>crcd "·ith deposits of glacial dl'ift. These vary extensively 
in composition from plnce to pl11.ce. They are composed of 
stmtified an~ non-stratified grn,·els, sands and cJays wl,ich in 

t 
most cases hiwe been transported for considerable distances by 
glA.cicr . During the advitnce of the ice sheet into the Puget 

ound R egion extensive scoul'ing an<l erosion of the pre-ghtciid 

rocks was accomplished. D uring the retreat of the ice sheet, 

lakes were developed and into these sedimenti. were being de

posited hy the adjacent strenms. These bodies of water were 

u ually non-marine and forms of animal life living therein were 

not numerous. Outside of the area actually inYolvcd jn these 
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glacial lake , glacial material wl\s bei ng depo·ited by retretiting 
valley glaciers a n<l the treams i. suing from them. uch de

po it are pnicticaUy barren of animal life. Because of the 
character of dcpo ition of all deposits formed, due directly or 
indirectJy to glaciation, there cxi ted no animal life which 
could po ib ly have acted as a source for petroleum depo its 
of commercial value. As a rule the deposits a.re oft and inco

herent and the individual trata do not persist w character for 

any great di tance. Even if small quantitic of petroleum had 

been formed there would have been no means of preventing it 
escape. It i true there arc present in many places very low 

grade lignite eams which might yield small amounts of ga , 
but a g as considerably different from that t\Ssociatcd wit h p e
troleum. T he glacial drift of western W ashington may be rt'
garded very unfavorable as the sou rce OT conta iner for p e
troleum deposits . 

l' II E·Gl,ACIAL J.W l!.)L\'rl.0 )\$. 

Beneath the gla cial drift and in places extendin g up t hroug h 
it a re sandstones, shales and lavas of T er tiary ag e. Their sub
glacial cli tribution i r epresented on the g eologic ma ps accom
panying this report. During the Eocene the entire Puget 
Sound reg ion ext ending east erly into tl1c Cascades was the 
site of extensive estuaries bordering on the ma rine water s of 
the ocean . In these bodies of water sediments consist ing of 
sands, muds ixnd clays wer e accumulating . Shorelines were 
shifting from t ime to ti111e, allowing sediments of ma rine orig in 

to become interbedded with those of p urely estuarine origin. 
Sedjments of the later type predominate throug hou t the E o
cene. A careful e.xainiuation of these st rata. fail s to reveal the 
presence of any great quant ities of fossil tmimal Ji fe . On the 
contrary there arc extensive deposits of fossil _plaut life as 
t1ttestcd to in t be numCJ·ous coal eam occurring a t intenrals 
througl1out the Eocci1e series. In the P uget Sound region, 
during the Eocene, condition were not favorable foT the de
velopment of ma rin e animal life in sufficien t qua nt ities to uct 
as n soul'cc for p etroleum deposits. 
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'rlu-oughout the Eocene volcanic acti,,ity was more or Jess 
pt·cYnlent. Interbedded witl1 the sediments arc extensive flows 
of aodesitcs and b11s11Jts and 11ccumulations of volcanic ash. 
Tue c extrusive flows came to the surfa<'c through fis ' t11·cs 

rather than through great central vokanic cone . Some of 
the flows were apparently submurinc. 

After the close of Eocene time the sedimentary strntu to
gether w-ith the ,·okanic materin.l were uplifted and folded 
and then subjected to vigorous erosion. In King and Pierce 
counties post glacii\l erosion hu cut down deeply into the old 
Eocene rocks, exposing over 10,000 feet of strata. Inter
bedded with the and ·tones and shales arc numerous coal scams. 
The whole series of strata have been thrown into sharply 
folded anticlines and sync1ines having n general north and 
south trend. The axes of these anticlines have been deeply dis
sected and if any petroleum deposit had been formed they 
would long ago have been destroyed. There is no c,,idcnce to 
warrant the supposition that oil has ever been present or is 
present today in the King and Pierce cotil fields. Such gas as 
may be present may be directly associlltcd with lignite de
posits and cannot be connected with oil. 

In Kitsap County, Eocene basalts outc10p in the hiJls west 
of Bremerton ancl south of Chico. Occasional layers of sand
stone arc intcrbcddc<l but of no great extent. The igneous 
rocks could not possibly have been a source of petroleum and 
the sandstones which are interbeddcd arc not of sufficient ex
tent to net as a reservoir. 

Oligocene stril.ta of marine origin underlie the glacial drift 
of the 11ortl1cm portion of l)ugct ound. They posse s a 
thickness of nenrly 10,000 feet and ho.Ye bl!cn folded into anti
clines and ynclines. The southern limit of these outcrops is 
along a line extending from Seattle westerly to Brcmel'ton 
ttnd thence to H ood Cann.I. In places t l1csc strata contain 
fo sil molluscan remains but not in large quantitie11. A care
ful search was made fol' diatomaccous deposi ts but none were 
detected. From . uch fossil life ns formcrl.Y existed, petro1cum 
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in small amounts might have been formed. HowcYcr, there 
arc no direct indications of its having been present . 

.After the close of the Lower Miocene when folding took 

place, one prominent anticline was developed extending along 

the Ncwca tle Hill to Seattle and thence we terlJ to the Bald 
hills of Kitsap County. Along the north flank of thi fold, 
numcrou minor folds have been deYeloped, all of which pitch 

to the north. To the north of this anticline, a y11clinc prc-
umably extends parallel to it. Its northwestern continuation 

may be cen in J efferson Collllty south of Port TO\rn end. To 
the north of the yncline a . econd parallel anticlinal axis may 

exist but because of the great overburden of glacial drift it 
becomes impossible to definitely prove it. Along the Ncwca tle 
anticline, long continued erosion has cut down deeply so as to ex:
posc the core composed of Eocene basalts. From cattle westerly 
across Kitsap County, the c:mti1·e series of Miocene strata in
volved in the north limb of this anticline are standing nearly 
vertical, or 1vith a steep pitch to the north. 'l'hc truncated 
edges of the strata arc exposed. Throughout this entixe area 
any oil deposits which may formerly have existed must long 
ago ha,·c escaped. No impervious covering rcmai11s as a cap
ping. The glacial dl'ift w}1icb lie above in mo t localities is 
not sufficiently impervious to preveot its escape, and further 
the ·c same strata were exposed as above de cribed prior to 
glaciation. A similar condition appears to obtain farther 
north near Cathcart station and Snohomish. Southern Kitsap 
County and western Pierce County arc so hea,,i]y covered with 
glacial drift that the geology of tl,e older formations cnnnot 
be definitely determined. The character of the strata and the 
geologic structure which they now· as ume are uch as to pro
hibit the accumulation and retention of petroleum deposits in 
commcrcia,1 quantities in the Eocenp and Oligocene formations 
of the Puget Sound Basin. There may be older fornmtions of 
pre-T crti,uy age lying beneath tbe Eocene which may be oil 
bearing or have been capable of producing oil at one time. 
Concerning such there is absolutely no evidence available. Any 
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petroleum which may be present in the Eocene l'Ock hits un

doubtedly to a farge extent seeped into Uiern from sucu a s011rce. 

~ORTli SLOPE OF THE OLnlPJC MOUNTAINS 

From Ca_pe Flattery ensbnird to P ort Cl'escent and from 
the trnit of Juan de l•'uca outhward for a distance. of a.p
proximatel_y t-en miles the floor upon which the deposits of 
glaciul drift rest i composed of lower :'lf iocene nittrine sedi
imcnts. Beneath these arc Eocene basalts, sandstones and shales 
"rhich ttre exposed at Port Crescent but which are deeply buried 
bc1ow sen-level throughout the remainder of the a.re.a. 

Deposits of glacial drift vary in thiclmess and manUe o,,er 
almost the cnfo·e u.rea of the disb·ict. Along the coiist line 
and in the canyons of some of the strenms the older rocks are 
exposed. The conditio11 under which the drift was deposited 
were approximately tl1e amc as in the Puget ound Basin, 
and the po:osibilitics for the occurrence of pchoJcum in the drift 
n.re extremely un fa \'Orab le. 

The ;.urfocc distribution of the Eocene is represented upon 
Plates II aucl I V. Exposures nre well developed nlong the 
const in the vicil1ity of P or t Cre. cent. T o the west the Eocene 
strata pnss beneath Oligocene strnta. Basalts and andcsite 
constitute Lhc majo1· pol'tion of the Eocene, although narrow 
bands of sandstone and shale arc intcrbcdded. R esting uncon
fol'lnably upon the Eocene a1·e Oligocene 1rnd Lower Miocene 
mar ine sediments -which in the Cape F lattery section attain a 

maximum thic]n1ess of nearly 19,000 feet. 'l'hcsc strata in 
places contain numerous marine fossi ls. A ltenrn.ting sandstone 
and shale bands are p1·esent. T he whole series of Eocene and 
l\Iioccne formations ho.ve been folded into ,.nticlines and syn
clines 1md thefr approximate po ition has been indicated upon 
P late IV. A synclinal a.xis extends from near Gettysburg 
southeasterly to L a.kc Suthel'land. T he entiTe series of strata 
including those of both Eocene and Oligocene age lying cast 
of the position of the synclinal u:is j ust mentioned ar e pre
sumably dipping to the southwest and constitute one limb of 
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the syncline. The strata on the we te rn i: ide of the syncline 

arc dipping to the northeast. From the prevailing north

wcstcrl_y dip of the ·tnita west from Gettysburg there i~ dired 

evidence that the.Y haxe been folded backward , thereby dc\'el~ 
oping an anticlinal fold. The exact po ition of this axis cannot 
be nbsolutcly detc.nnincd. but its approximafo po. ition is fairly 
certain and has been indicated upou 1'Iap A, Plate I \', as ex
tending from a point on the coa t line a . b0rt distance we t of 
Getty burg outhwcsterly to the western end of Lake Crescent. 
:From Twin westerly to Cla1litm Bay the Oligocene . hale 11nd 
sandstones have been thrown into 1111merous parnllcl folds whose 
11.xc l11t,·c a prevailing h end of nearly north and south. The 
points where these u.xes intersect the roas t line haYe been def

initely clet cnnined, hut their landward extension is only ap
proxinmte. F rom Clallam Bay wes ter ly to Cape Flattery the 

strnta have tt prevailing northcas tel'ly dip ,rncl constitute a 
great monoclirrnl fold pitchh1g awny fro111 the long spur ex

tending from the Olympic Mountains west to the P oint of the 

Arches. 

E ,ist from Freshwater Bay the lower :Miocene stru.hl have 

hccn folded into a sync:linnl trough whose flxis extends from the 
\"icinity of Povt Angeles southeasterly towarcl Quilcenc. I t ma_v 

p<)ssibly be a continuation of the yncline exis ting north of Se

attle. A n anticJinal axis trends North 70° \Vest from Port 
Ludlow to Port D iscovery Bay but the overlying Oligocene 

sands tones and shales have been completely rC1110,·ed by erosion 

exj)os ing the core of Eocene basalts and tuffs. 

T he following deductions may be made concernin.g the poi.si

bilitics for the occurrence of p etroleum 11,Jong the north side of 

the Olympic p en in ula : 

1st - The fo t·nuttions invoh·ecl e011 sist of Eocene basalt , tuffs 

and sediments, together with an enormous thickness of Oligocem' 
marine fossiliferous strnta. The soft organic r emains of life 

which formerly existed in the nuu·inc strnta coulcl upon s low 

Jis tillation hnye produced petroleum products. The more por-
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ow; sund~tones wl1ich u.re pre ent could have ac\-cd as reservoirs 

and the shale belts ns impervious cappings. 

~nd-Thc entire series of strntu lmve been folded and if 11ny 
petroleum deposits were formed they would tend to collect be

neath the a.xes of the an tic lines and those areas inrnlvecl in the 

synclines would be barren. An inspection of ~fop A, J>Ju.tc lY, 

will inoicatc the approximate position of the anticlines ancl syn

clines. 

3rd-No direct indico.tions of petroleum seepages hn ve been 

seen by the writer in any portion of the area involved. 
-!<th- The final conclusions 111ay be drawn that 011 the north 

side of the Olympic peninsula geologic conditions nre not such 

as to absolutely forbid the occurrence of petroleum deposits, al
though there il!'c 110 direct indications to suggest their presence. 

If such deposits a.re present they will exist beneath the n1·c-u.'S in

dicated upon the accompanying mitps as 1mticli11al itxes, where 

developed within the lower :\Iioccnc rocks. Tho,:;e lll'CRS invoh·ecl 
in synclinal folds should be considered as barren of possible 
petroleum deposits. 

SOUTHWESTERN WASHIN'GTOX. 

GENEHAL ST.\TliDIENT. 

The more detailed description of the geologic imd structural 

conditions obtaining in Southwestern Washington have alre>ady 

been presented in curlier chapters. The formations involved arc 
of Tertiary age and 1ue common ly covered with a ·very thick 

soi l residuum or with Pleistocene cleposits of gravel and sand. 

The entire Tertiary eric is composed of interbedded sedimen

turies approximately 15,000 feet in thickness. Whether pe
t roleum is present in tl1ese formatious or not h}\S not as yet been 

rtemonstrated. In the volcanic rocks of the Eocene it cannot be 

expected to occur. If present n.t nil in southwestern vVash
ington it hould be iissociated with the marine scdimentn1·.v 
phase of the T ertiary. I<'or purposes of discussing the geologic

and strue'turnl conditions in their reh-1.tion to the possible occur

rence of petroleum deposits in the southwestern portion of the 

~tatc, it seems best to consider Cl\ch count_y llS n unit by itself. 
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PACIFIC AND WAIIKlAKBI COU~TIES. 

The Eocene of these tw·o counties is composed largely of ba
salt and basaltic tuff , which con, titt1te the backbone of the di
vide behrcen the drainage lc:iding into Columbia RiYcr ttnd that 
i11to Wi]Japtt and Chehalis rivet". It form a U- haped area 
extending from the ea tern part of Willapa Harbor southea t

erly to the northern part of Wahkia.kw11 iincl Cowlitz counties. 

From that point it turns clue nortl1. TJ1e charactel' of the rock 
is uufayorahlc for petroleum deposits to originate within it or 

if originating "~thout to accumulate within it. There may be 
strata below which arc oil bearing but there i no evidence ug
gcsting thcil' occm·1·cnce. If such trata were pre ent there 
would be no mc,ins of determining where tl,e unclcrlying reser
voirs were situated. T hose .ircas indicated upon the map of 
southwestern \Va hington in P aci-fie and Wnhkiakum counties 
as Eocene may be regarded as unfavorable for the occurrence 
of petroleum deposits. (P lntc III.) 

The Oligocene formation in these counties is confined to two 
basjns. T he northernmost of these occupies the ba in of Willapa 
River and the southern area extends east and west along the 
north side of Columbia R iver. T he strata consist of sandstones 
and. shales of marine origin and carry fos ils. T hey have been 
folded into nnticlines tu1d synclines as previously described in 
chapters three and four and as designated upon the geologic 
map on Plate ill. T he only indicatim1s of 1,etrolewn which the 
writer has seen within these formations arc some shales which 
give off a very decided odo 1· of oil. They outcrop in isolated ex:
posui-es in the l1ills betweeo Dear River and the town of Ilwaco, 
in Section 18 and 19, T own hip 10 North, Range 10 West. 
r.rhe shales arc of a. brown_ish gray color and when heated over 
a tire bum w-itl1 a hlue flame. An examination of the region in
dicates considerable faulting. Several bas,.tltic lava flows arc 
interbedded with the seclimentarics and a lso occur in the form of 
d ikes. T he 1·egion involved is worthy of a more careful detailed 
geologic e.i:amination and if in the futu re petroleum depo ·it are 
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found to occur in commercial amounts they will undoubtedly be 

found to have originated in the Oligocene shales. 

,vhether the stnita in othev portions of these counties con

tain oil deposits is unknown. The straht arc of such n. char
acter ~ind have been folded into anticline;; and . .rndines ;;o that 

oil, if present, c011lrl accumulate. The totnl c,,idcncc from 

geologic data obtained is onJy ufficicnt to ,nnrnnt the ;;tate

ment that petroleum may be present although no direct evi

dence to that effect is ~miilnble. 

on~1Ys IJL\Rnon con,•rv. 

In the north"' cstcrn part of the tounty, ju the Queniult 
Indim1 reservation, the Hoh forn1ation is prese11t 1wd within 

tlint formation farther north oil iu sm1tll quantities is definitely 

Known to occur. A discussion of that portion of the county will 
be <lcfcrrcd until later. In the southern and eastern parts of 

the county, lowct· and upper Miocene rock. prevail. They con

sist of shales nncl snndstoncs all of which arc of mnrine 01·igi11 
nnd fossil bearing. These stratn, lmvc been folded tl.nd the posi
tion of the 11nticJine. hiwe been approximntely insrl"tccl upon 

th<' geologic map. (Phttc III.) No direct indications of pe.
troleam have been seen within tl1is area. Eocene bitsalts occtu· 

i11 the extreme en tern part of the county and arc incnpab1<' of 
containing commercial oil deposits. The :\ l iocene lmta mtty 
possibly contain petroleum deposits. There is not now sufficient 

evicien<"e to wanant- the upposition that oil is present. 

COWL!'l'Z Ai\'D I.l~WIS COU.N~'lES. 

The formations involved in the western part of these coun

ties arc of Eocene age and ure composed of marine nnd brnck
ish water sediments together with interbeddccl basalts and ba

saltic- t.uff$. The two latter are incapable of giving rise to or 

forming reservoirs for petroleum in commercial qu1tntities. rrhc 
brackish water strabt contain no organic animal 1·emain whic-h 

would be cn,pable of producing oil, although it rnight travel from 

some other source and collect in the coarse grnined sandstones. 

The marine fossilifcrou. :rn.ndstones and sha1cs could have pro-
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duccd oil deposits but there rs no evidence to prove that they ha\'C 
done o. The . tnita have been folded a nd the tructure is such 

that oil, if pre ent, might collect beneath the axe:; of the anti
cline$. Throughout thi entire region basalts, marine and bra.ck
i h water sediment arc inte1·bedcled and if oil had ever formed in 
the marine , ediment it might have collected either in the marine 
or in the brackish water strata. A large part of the we tern 
portiou of the c countie i covered with gravels and sand o 
that the older rocks do not appear at the su rface. It is pos. i
ble that if the strata were eutircly exposed there migM be 
. ecpagcs where faulting or fracturing had occurred. All that 
can be said concerning the possibilities for tl1c occt11Tcncc of 
petroleurn deposits in western Cowlitz and L e\\ris counties is 
Urn.t it cou1d have originated in certain marine sandstones and 
cou ld linvc accumulated bene1tth the axes of the anticlines, but 
110 indications arc available to suggest t hat such has been the 
case. 

'J'EIURSTO~ COU:S'.l'Y. 

A large part of thi$ county is covered with glacial drift and 
ouhva h gravels in front and south of the terminal moraine. 
The tmdcrly i11g bed rock where exposed consists of siindstones 
tind lavas of Eocene age. On the areal geologic rnap accom
panying this report those areas which arc definitely known to 
be underlain with Eocene deposits arc nia ppcd as such. The 
1u·eas mapped as glacial drift do not represent the entire a rea 
in which drift is present but rather those areas where it is so 
extensive that the character of the underlying rocks cannot be 
determined. In the Black Hills, in the wcster~1 part of the 
county, basalts prevail and there can be no possibi lity for the 
occurrence of p etroleum deposits within them. The outwash 
gravel plains ill the central and. outhem part of the county arc 
almost b1tl'J'en of trees and arc covered wit11 numerous small 
mounds which owe their origin absolu tely to g lacial Muses. 
T he. c are not gas mound. and have no relation to petroleum. 

T he sandstones where exposed arc chiefly of brackish water 
origin and in p laces contain coal scams. The fo rmer organic 
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Jifc which e:'1.-istcd i11 them was plant and not anilllal and hence 
could not haYC furnished fats which 11,re tbe chief constituents 
of oils. The marine sediments, however, when~ prnsent contain 
upper Eocene fossils and could have acted as a source for pe
troleum deposits. 'Where these are interbeddecl with the brack
ish water sediments, if oil were ever pre ent it could have 
seeped into the latter. Intcrberlded with both brackish wRter 
and marine stnita tll"e basaltic lavas and tuff s. 'l'hey appa1·
cutJy were laid down while the snnsto11 es and slrnlcs were ac
cumulating and hence would hiwe but little effect upon any oil 
strata thnt might have been present. T he whole series of Eo
cene strata have been folcled and the positions of the a11ti
dines and synclines have been plotted upon the geologic map 
(Pfo.te III) . There is absolutely no possible mean of predict
ing whether oil deposits arc present or not in this field. If they 
are p1·esent they will be found to have accumula.ted hcneath the 
axes of unticlincs and will occur in the more porou sandstones 
of the Eocene. T he l\Iiocenc formations are uot present as far 
as available evidence shows. 

'i\'ESTlll.RN SLOPE OF THE OLYN{PIC PE1\'1NSULA. 

The region from Gray~ H inbor north11'l\l"d to Cape Flat
tery is topographically m1 elevated plain bow1ded on the west 
by the Pacific Ocean and on the cast bJ the Olympic l\Iountains. 
The sm·face of this plain rnnges in elevation from one to five 
hundred feet above sea-level, hut gradually increases easterly 
towards the Olympics. To the north it is terruinutad by the 
long axial spur extending out to Cape Flattery. rrhe original 
surface ha. been deeply di ~sected by numerous ri,·e1" and creeks 
flowing ncross it and emptying i11to the ocean. The more im
portant of these !lrC the Quenjult, Raft, Queets, Roh, Bogachid 
and Solcdnck rjvcrs. 

The formation involved in this region are the Hoh, i\Iontc
sano ancl Pleistocene gravels. The approximat~ distribution 
of the e outcrops is represented upon the areal geologic map 
(-:\fop A, Plate IV) . T he cnti re region is more or Jess decpl.Y 
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co,·cred with Pleistocene sands, gravel , and clays, which rest 
unconformably upon all the older fonm~tions. Dnring the 

Pliocene and prior to the depo ition of the Pleistocene fluviatile 
deposits, the entire co ta1 plain had been deeply dissected and 
depressed. Large rivers meandered over the urface and a 
time progressed large quantities of gravels und sands were 
dropped by these streams. The e deposits Ee nearly hori
zontal and range in thickness from a few feet to over 500 feet. 
Later the country was upl1fted mid the present treams have 
, i nee cut down into those Plei tocene depo it. and in places even 

into the older Hob and Miocene formations. The. e older strata 
arc generally exposed along the banks of the rivers and along 
the ocean cli:ff s. 

The Hoh is the most ex:tens.i,·ely dc,·cloped of the pre
Pleistocene formations on the western side of the Ol)1mpic 
Mounta ins. It possesses a. thickness of at least ten thousand 
feet n.nd is composed of massive and banded shales, conglome1·
ates and extensive belts of sha.ly mi caceous sandstones. The 
latte r gntdc into a distinctly gl'ay and tone of med ium g rnin 
which contains a,nguhu· fragments of slate flnd of chert, and 
nearly ahrny:- consi<lerable amounts of micareous ;;hale . It 
is from this phase of the fo1·mation tl1at the ocloi· as well as 
seepages of peholeum a rc found. In places intcrbedded with 
t his arc soft brown to g ray shales. 

The H oh formation has been folded into urnj or ann minor 
antic·lines an<l synclines and the approximate position of these 
ha hccn platted upon 1'1ap A, Plate IV. Insufficient work has 
been clone to dete11ninc all the folds involved, but along the 
coast where exposures a.re generally well defined the tructure 
has been worked out in detail. 

Two prominent anticlines arc bclfovccl to ex ist, trending 
nol'th and south. One of tl,e. e apparently lies in the floor of 
the ocean several miles off shore. The mino1· anticlines and 
synclines recorded along the shore may be fold. developed in 
the east limb of this major anticline. It is believed that a sec
ond approximately parallel major anticline extends south from 
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F orks in outhwcstcrn Cln.llarn County, into J efferson County. 
Such au unticlinal fold is clcfinitely known to ~-tend at least as 
far south as the north boundary of Jefferson County into cc

tion 3, Township 'z1 North, R 1mge 13 1'7est. Its southwa.l'd 

extension has not been traced. It is witl)in this formation that 
petroleum indicntions on the west coast of the Olympic Penin

·ulR. arc directly associated. 

The upper Miocene strata are developed in the basin of 

QuilhiJute River in C'hl.Ilnm County and b1we already been de
scribed. No petrofoum indications hn.vc been observed in the 

formation in this area. 
I n the region arnund the moutl1 of Queuinlt River, the strata 

of the upper l\liocene 0 1· )fontesano formation outcrop. They 

arc exposed from a point about one mile no1·th of Cape E liza

beth south to Point Grenville 11nd for a distance inland of about 
six miles. B eyond, to the east, the.y presumably exist but are 

decpl.r buried beneath a very thick covering of Pleistocene 
gravels, sands and day· of Rnviatile origin. Quen iult Rive.1·, 

except near its month, has not cut do1rn through the P leisto
cene to the l\lioccne rocks. 

rr he region bcti,,een tlic south boundary of the Queniult 

Indian reservation and Grays H ai·bor is covered with Pleisto

cene deposits but the l\1011tesano series is believed to form the 
bed rock basement upon which they rest. In fact, where the 

Humptulips and VVishkah rivers cut down to bed rock the upper 
l\Iioccne strata arc exposed. W ith the exception of ce1tain 

localitie at Cape Elizabct11 no petroleum indications a.Te known 
to occur in the formation in tl1is region. 

The Pleistocene deposit are de,•oid of petroleum. At var

ious places gas is 1·eported to arise from swamps lying in these 
deposits. Upon examina.tion such gas is found to be chiefly 

methane, derived from decaying vegetable remains in buried 
swamps. Occasionally fron oxide appears n.s a coating 011 the 

small pools upon the surface of these gravels and sands. It 
forms an iridescent coating on water very close in 11ppearance 
to that of oil. 
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The areal distrjbution of the H oh formation is indic~ttcd 

upon )fap A, Plate IY. Seepages of oil have been found in a 

fc"' places. Gas has been found in a number of place. . .Many 
localities abound where the odor of petroleum can be detected 
sometimes at some distance from the outcrop: at other times 

onl.Y when the rock i £re lily broken. 

SOURCE 013' 'fJJE PE'fROLEUM. 

No fossil mollu. can remain. have been found ,,·ithin the Hoh 
fo rmation. Locally small pockets of carbonaceous hale oceul'. 

A micro copic cxaminntion of the hnles and shaly sandstones 
show·s the presence of large number of diatoms. These itl'C not 
present in . ufficient numhcrs to fonu tl cherty diatomaccot_is 
shale, yet in some specimens of shale they arc closely packed. 
Samples collected from the Hoh H ead shales rcveided the pres
ence of large numbers of these forms of life. In the well 11 t 
Forks, shale lwouglit up from a depth of 1800 feet, shows tht• 
presence of numerous foraminifcrn. Chemical exam ination;; 
made of living marine tliatoms sho"· the soft organic parts to 
be compose,l of organic componnrls of a position closely relntcd 
to that of petroleum. 

In the western Olympic region there appears to be no son1·ce 
except from diatomaceous or foraminifcral remains from which 
such petroleum deposits as occur coul<l liavc been derived. The 
scatte1'C<l iu·eas of Miocene strata a.re too limited to have been 
the souJ·cc. In other regions in the state where the ·Miocene 
deposits are more extensivcJy developed no inrlica.tions of pe
troleum are known. The rock formation underlying the H oh 
formation is unknown . AU the older formations in the north
west have been extensively metamorphosed 1tnd the probllhilities 
arc that such rocks as underlie the Hoh itre in thnt condition. 
It so, they <:oulcl hardly supply the organic matcrinl. The fad 
that considerable quantities of diatoms and foraminifora 1u·<· 

present in certain portions of the H oh fonndion and that it 
has been demonstnitcd in other r egions that petl'Oleum com
pounds ma_y l1avc been derived from such sources and further 
tlu.t no other soul'ccs in this region arc present, indicates tlrn.t 
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the petroleum products in the Hoh formation are probably de
rived from these organisms. The H oh formation is tl1c onl.v 

one in the l>tate from "·hich definite cvidcucc:; of petroleum arc 

known. 
There are massi,·e brown sand tone:; in the formation whicl1 

could act as retaining reservoirs provided some imper vious rap
p ing were present. Such rcservoi r,, would be expected to form 
beneath the a .'\CS of tbc a11tidi11cs. ·whether such deposits oc

c·tu· in commercia.J quantities or not can only he determined by 

drilling on the axes of the an t iclines in this formntion. 

GEOLOGIC CONDITIONS 1N SPECIAL AREAS ON THE WEST 
COAST OF THID OLYMPIC PEi\TJNSULA. 

Bearing in mind the fact that very srnall amounts of pet rol

eum arc known to occur in the }Toh formation and further that its 

ON'W'l'cncc in com111crcial quantities lrns not been proven, it is 
possible thnt pctrolenrn might occm anywhere within the forma
tion p1·0Yidccl strncturnl conditions arc fu,,omble. ln order to 
fully discuss these conditions, the western portion of the Olympic 

P eninsula has been scpnratc<l into districts for description, as 
follows: Southwestern Ch.1.Uam County, Ozctte Litke R egion, 

Western ,Jcffer. on County, and the Qucniult l ncli1u1 R cservntion. 

SOt'Tll\YliJS1'r.:1t:- CL,\J,L.\..\1 ('Ol'N'l'Y. 

T ht aretl in\'olved in thi. district cmbn1.('es •.ro,vi1 hip Q8 
North, R anges 14, 18 and part of 12 W est. It extends from 

the ocean on the west to the Olympic )fountains on the cast. It 
is drained by the Solcduck, Calawah and Bogachicl R ivers. The 
average elcv11.tion is 500 feet above sea level, with an incrcaS\.' 
from west to cast. 

\.Vith the exception of a sma!J urea near the forks of the 
Solcduck 11.nd Bogachie] ri,•crs which is upper Miocene, the en

tire areal geology consists of outcrops of the H oh formi1.tion. 

Outcrops of this formation appear at intervals along the rliff$ 
of the B ogachicl an<l C'1tlawnh river and also in the more highly 

ele,, ated divide between those rivers in the eastern pitrt of the 

region under discussion. (Plate X I. ) The strike nnd dip of 
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the strata at tl1ese points have been platted upon this map. 
All ob ervation· taken in the eastern hali of T O\m. hip ~8 

No1-th, Range lS West, show a pronouuced ca terly clip rnnging 
from 85 ° to 88°. In the western half of this same townsrup 
and niugc the stratn are djpping to the ,rest from 50 to 60 de
gree and continue to do o tow1irds a synclli1al basin in lhe 

eastern half of Town hip 28 North, Range H West. A well 

defined anticline cro es Bogachicl River near the bow1clary be
tween cctions S3 and SJ, Township ~8 North, Range 13 West. 
From ob crvation taken to the ca t and we. t it apparently ex
tend northerly through Section ~8, 21 anrl l 6 of the same 
tO'lm ·l1ip and range to the tO\\'ll of ]'orks. To the outh it 
pn e into ,JcJfcl'son County in Section 3 To1n1 ·hip 9l7 No1-tll, 
Range 13 , ,v est. 'l'his fold for purposes of reference will he 

de ignnted as tl1c Forks anticline. 

A 1rell defined syncline trend, neul'l.r north an<l south thrnugh 
Sections 12., ~S, 9l6, i'rnd 35, T ownship 28 Nol'tl1, R ange 14 
,vest. In the western ha1f of this township tl,c J.\Iontesturn 

forma.tion rests nearly horizontal upon the stceplf dipping 
tn111cated edges of the H oh , trahl. 

Indicn.tions of gas and the odoi· of petl'oleum occur ~lt in
tc1·1·1.1.ls nlong Boguchicl and Calumth rivers. The odor of pe
troleum is particulaly notfocnhle in the idia]y sand tones in the 
northeast 14 of Section ~S, T o,mship 2.8 North, R a11ge 14' 
W'est. Jn Section;, 2.0 and 34 on DogMliid River and Section 
3 on Calawah River, Town ·hip Q8 Nortl1, range 13 ~ 'est, the 
rock has A decided odo1· of petroleum wheu freshly broken and 
niay be noticed for som1: distance i~way a" one approache · 
thec;c locnlitics. In Section 2.7, T owmhip 9.!8 North, R ange 1+ 
~rest on Bognchicl Ri ver the •utndy ;.hale-. h:t,·e 11·rathcrcd into 
a b!uish gray mud. A l'Cl':V m>ticcublc odor of natural g>t:, can 
he dctectccl. everal c;mall hole~ mnde with a pick hamllc a 1-
]ow the ga to escape with a sizzfoig sound. When Jjghtecl it 
,,iJJ burn io each case for nbout one mint1te with n blue flame. A 
well is being bored by the Washington Oil Company of SNttt1c in 
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cction 16, Tmrn Lip QS North, Hauge 13 1'Test, soutl1 of the 
town of F orks on F orks P rairie. 

Ql"ffi)llULT 111\'lllH DIS'.l'U!CT. 

'!'he area i1wofred i11 this district ex.tends from Grays H n.rbor 
northward to Queet:; R in~r and includes the Queruult Indian 

R eservation. rl'he entire region is au uplifted plateau-like bench 

-with 1111 unduhtting 1>urface and mnging in elevation f1·om 100 
to 400 feet. Along the ocean shore line the cliff!- extend from 

sea level to two hundred feet in elevation . T he fornHttionl) urc 

a lmost exclusiyely of secliment11r.v origin. T he only exc<:ption 

is n :,mall patch of basic luva with inte1·c1tlatcd sctli111cnts at 

P oint Grenville whose age cannot be definitely deter111ined except 

tha,t it is pre-)Iiocene. 'l'lic liuger pa.rt of the region i:. co,·
ercd with horizontally bedded Pleistocene gravels and sand~ . 

.Along the sea coast iu1cl in those places where the rivers Jrn,·c 

cut down through the grnvcls the older fonmitious are exposed. 

The II oh formation undoubtedly unclcrlil's the yot1ng<•1· 
formation~ of this entire region but it iJ:> exposed at the sur
face only near the mouth of Queniult Rive1-. It our.crops in the 

cliffs along the ocean in the northwest lJi of Section !27 and the 

southwest 1/,i of Section QQ, Township 2~ No1·th, R ange 1S 
"'Te t. T he exposures extend 11long the cliff for a distan('c of 
about 1500 feet. To the south and possibly also to the north, 
they n.re termiM.tecl by a fault. The entire exposure i,- in
Yolved in a s lide and badly crushed. It is largely composed of 

bro,vt1 chornlute colorer! shales with nan-o"· intercnlatccl la_ycr,; 

of sandstone which assume a general strike of North 45° West 

and n dip of 35° to tlie northeast. 
In the southen::.t 1/,J_ of Section 6, Tom1ship !21 Noiih, R ange 

lQ VVest on the sonth side of the big bend in Qucniult Ri ,·e1· 

there i;; nn ontc-rop of shale involved in n big slide wl1icl1 has 
been lnrgcly co1werted over into a bluish gray mull. 'l'hc shale 

is of a chocolate b1·0,rn color and c losely resembles that occur-

1·ing to the northwest along the occnn bluff,;. It lrns been so 

badly crn heel thtit 110 trike nor dip could he obtuin<'d. It: 

ca:.Lcm Limits lll'C detcrmi11cd hy u well defined l"tiult. The: !.Ur-
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face between these two localities is hetlvily covered with gnwd 
and sand, and it cannot be definitely ta ted that the Hoh ha le 

occupy the intel'vening nrea a ha been indicated upon the 
map. The fact that these faults are of con iderable izc and 
appro~imately in line indicate that the Hoh shales pl'Obably 
extend through a a fault block. These are the on ly surface 
exposures of the Hoh formation within the are1~ examined 1rnd 

they undoubtedly underlie unconformably the entire al'ea. 

Upper Miocene conglomerates and . andstoncs constitute 

the formation expo ed along the ocean cliff from Queniult 
River northward to a point one and one-half miles above Cape 
Elizabeth. They form the Cape Elizabeth fault block whi<'h 
in itself noes not seem to be baclly broken. A detailed strati
gni phic section has been rnea s\ll'ed and has been inser ted in 
chapter five. Th~ strata as here exposed strike nortbeast a nd 
outbwe t and dip at a low ~rngle to the southeast. In the cast 

central portion of Section 34, 'I'ownship 22 North, Range 13 
\Vest, the)' arc slightly folded in to a monoclinc. The axis ex
tend::: inland in a noTthea tcrly direction . 

fo the northwest 1/.i of Section S5, Township 22 North, 
R unge 13 vVe t, a gas mound is situated appro.xjmatcly upon 
the axis of this monoline. It i located a few hund1·ed feet "Test 
of the hor e t ra il on tlH.! top of the plateau. It has a diameter 
of about 200 feet a nd a hetght of 50 feet, imd seems to have 
been built upon the surface of the low plain. It has c~,istcd 
for some t ime as lal'ge trees arc growing upon it. At the sum
mit there is a large crater about four feet in diameter, fill ed 
with water and sun·ounded with mud which is continualJy ii-
suing forth. Large bubbles of gas almos t c·ontiJJuously esc,tpc, 
which when lighted burn with 11. blue fl ame. About 100 feet 
north, on the side of the same mound, there is n smalle r gas 
spring. This mound i located 200 feet iibove the level of the 
river and coulrl not r easonably arise from inrnmp or decayed 
vegetation which has been buried on the river flat. The gas is 
probabJy derived from some depth in tl,c bed rock. 
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~rhc H oh formation undoubtedly exists at n cousidernbl~ 

dista11ce bclow the su rface. To the north in Jefferson cow1ty, 
gas is very commonly associated with the hitter. It is quite 
probnblc that the gas issuing from the mound owes its origin to 

that source: thiit it has seeped upward into the ) [ioccne sand

stones and shaly sandstones and has accumulated in pockets 

along the axis of the monocli11e mid at the point where the 

mound has been built up, escapes to the surface. If that be 

the case, and it seems most probable, -it ,vould be impo sible to 

determine at what depth pockets might occur, or how la rge 

thC)' lllight he. The chnrncter of the upper :\Iiocenc sandstones 
would allow pockets to forni ut nnions clcptbs. 

If the gas is of tlte same origiu as that i11 the Hoh fornrn

tion farther north, it is possible th,~t oil is 1tssociatcd ,vitb the 
Roh ::;tratn below, but whether in commercinl quantities or not 

there is no possible means of predicting. 

QUllJE1'S RTV.EJH DfS'.l'lHC·r. 

Topographically this district as in the case of Qucniult 
di. trict farther i;outh is an uplifted plain which has been cut 

into by Quccts Rin~r. rrhc entire region is hcnvily timbered 

;-ind the :m rfoce covered with dense thickets of underbrush. In 
pfo.ces it is swampy. rrhe tide e;,..-tcncls up Queets Hinir for 

about one and one-half miles. Three formations arc repre
sented within this district. The older i. the Hoh and it is im
porbrnt bee,iusc farthcT to the north it is the formation ll'ith 

1vhich in<liciitions of petroleum a re as ocii~tcd. In places aboYe 

this arc shales and sandstones of iiiocenc age. R esting un

con formably upon both the Hoh and iiioccne formations a rc 
extensive deposits of gravels, snn<ls and clnys of Pleistocene 

age. The latter were dcpo itl'd by rive rs which formerly m<'

.-indcred across this region when it was at a mnch lower clcvn
tion tbnn at present. After uplift the present stream en
deavored to cu t their channels clo11•n through it. In many places 

they h1lVC succeeded as may be seen in the hanks of Quecbl 
River and in place;. on Salmon Creek. rrhc general charnctcr 
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of these formation has already hcen desC'ribed in chapters two, 
five and six. 

All of tl1e tictual pre-Pleistocene rock expo w·e· aloug Queets 
Ri\'er n11d almon Creek belong to the Hoh formation . No seep
ages of petroleum were seen and no odor detected at any point. 

However, the formation as expo ed here is a continuation of 
that outcropping along Hoh RiYer, where indications of pe
troleum are pre cnt. Miocene trata arc expo eel along the 
coa t near the mouth of Raft RiYcr. The older Hoh formation 

wa. folded and eroded priol' to the deposition of the :i\Iioccne 
strata. 

'!'he data from which it has been possible to determine the 
principal s tl'llcturnl features of tl1is region have been inserted 
upon :Map A, Plate n·. In ce1·tain localities the strncture is 
"·ell defined; in other localities it has been geneTalized from the 
better kno\1·n tn1ctural cond itio11s some distance away. In 
those localities which are covered with Pleistocene deposits it is 

impossible to say ab ol11tely ju t what the bed rock structure 
is beneath. Strikes ancl <lips lawe heeu recorded at every possi
ble place along Queet R iver an(l on Salmon 'reek. AJ011g the 
Quects the prevHiling structnre shows H, general north to so1Lth 
strike and an ca terly dip. In places thi trike wing we terly 
and eusteTly . AJJ of the outcrops of t l1e bed rock format ion on 
the Quects arc of the H oh formation and it is certain t ha t 
these strata underlie the entire central and southern part of the 
area involved i11 the district. 

On almon R iver, in ection. 3,:5 a nd S6, rl'o,rn hip lM 
North, R ange Hl \Vest, there is a high i-ocky ridge which has 
been cut into by str eam action. T he river flows through two 
gorges, one on the northwest and one on the southeast side of 
the big bend in the riYer. On the northwest side the prevailing 
stri_kc is NoJ'th 60° East with a clip of 50° to the northwes t. 
On the southeast bend in the seconcl gorge, the strike is North 
30° VVe. t with ti llip of ~5° to the . outheast. For a distance 
of two miJes f1trther np the 1·iver this southeasterly dip preYails. 
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There is direct c,·ideuce l)e1·<' that a 11 antit·li,w trends northeast 

11.ncl southwest. 
rl'o the north on Quccts River. ahoYc the junction with 

almon Ri vcl', the strata are dipping to the northeast ancl to 
the c11st, giving disect eviclence of 11. syndinal axis trending 

northen ·t and southwest. Its probable position has been indi

cated upon the mn p. Both the ,in tidinal and synclinal nxcs, in 

their southwesterly continun.tion, pass beneath a thick covering 
of Plei,,tocenc g1·1.wcl , suncls a11d C'lays. It is probable, how

c,·er, thnt they tend to merge, and in -lhe llteA. involve<! in Sec

tions 1, fl, 3, 10, 11, lfl, 13 and H,, Township fl3 North, Range 

13 ,vest, pos;;css 1l co111p}\J"l\tivcly fiat ,ittitncle with fl low dip 
to the Ntst. 

A minor 1rnticlin11l nxi,- exist;; just south of the mouth of 

Quccts RiYt•1· . It trends tlhout North 40° Ea~t. The c,-idcn<:e 
for this tu1tic1inc has been obtained from .~trikes and dips taken 

arnuntl the cliffs in the big hcncl in the river. It is undouhtcrlly 
n minor warp or dome, or spur, on the eastern limb of n large 

north 11.1Hl south anti('line wl1ose mitin axis lies parallel to the 
C'Ollst line and probnbly not fnr from the shore. '£lie cRstern 

limb of this minor anticline l11i n comparnti,·ely low dip to the 
southcnst. The strnta arc composed chiefly of interbcclded 
,;1rndstoncs and shnlcs. The nxis lie~ on the low ft1\t grou11rl in 

the bend in the 1-ivcr ,ind prohabl~· extends 1)ut toward the shore. 

Concrrning the possibilities for the occun·cncc of pctrolcllln 

depo it,. within this district the following statement is made: 

'rill' Hol1 fornuition which contains <;mall seepage,; nortl11rnrd 

iu Clallam and ,Jefferson cou11 tici:, i:; the bed rock fol'lnation in 
this region. No 11.<'tunl seepages, howeyer, hi.we been ,-ccn within 
the . trata. idong Queet:; Ri,·cr. The strata h1wc been folclccl 
into anticlines and sync lines as lia\'e 1ilready been described. 

Altogethel' they hfwc n thic:kncss of at least i>,000 fret. There 
is no possible means of determining whetl1er petroleum deposits 
occur in conunercial qunntitici, o r not except h.v drilling ia 
tho:,e locn litics a~ong tl1c tlxes of tl1e anticlines. If it shoulil 

be present there is no means of determining how deep it would 
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be necessary to drill to reach it. Such dcpof-its as 111ight occur 
would probably he derived from the shales of the Hoh fornrn-

tion. 
norr Uf\'Ell DI ''l'HlCT. 

The region involved embraces nearly all of western Jeffer on 
Count_y. The major portion of the area j thickly covered with 
Pleistocene sands and gravels. The bedrock exposures arc well 
developed along the cou t line nnd at interval along the banks 
of Hoh Ri ver. The detailed examination of the region hu 

been confined to the coast about Hoh Hend and the lower part 
of Hoh River. The more important tructural feature may be 
cen by referring to Map A, Plate IY, ~nd also to Plate XII. 

The interior region has not beCll exam ined i11 snfficient detail to 
warrant it tatement concern ing structural conditions. 

Near the month of Hoh Ri ver several smaller creeks have 
carve<l out Low valleys extcndi_ug to the river. The highest ele
vations are less than th ree hundred feet. The region is heavily 
timbered and is bordered on the ocean in most pl,tccs with bold 
di tfs. There is tt broad cove in Se<' tion 12 just south of H oh 
Head. The land area ju ' t bacl from shore is compo -ed of s lide 
rock in a badly decomposed condition. H oh Heitd is a bol<l 
rocky point jntting out in to the ocean. Between the two points 
of this head there is a narrow cove. The: rock fo rmations in 
back of this cove are composed of sandy shale icmd shale all of 
which a1·e involved in a . lide. 

Thc1·c at·e two formatious outcropping in this region. The 
older i designated as the H oh and the later a i; Plei ' tocene 
gravels, sands and clays. The Hoh Formation is composed of 
-andstone, slmle and conglomerate. The total thickucss of this 
formation, as rep1·esentcd on the western side of the Olympic 
peninsula, is over 10,000 feet. \i\Tithin the arc1t of thi~ district 
only a part of this formation outcrops 11t the surface. Sand
stones and shales occu1· in equal an1ou11ts. The sandstones arc 
mas ' ive, generally coarse gniined, brown, 11nd only occasionally 
arc shnlc bands or bedding planes present so as to determine 
the strike anci dip. I n plaC'es they graclually g rade into con-
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glomcn1tci:;. The shales arc generally gray to chocolate colorccl. 

They often grade into sandy slit1Jcs and these in tum into shaly 
:,;andstones. 'The shaly sandstones very often bccomt• massive 

find when freshly broken are seen to be c·om posed of angular 

fragments of slate and qunrtzitc. They possess a gritt_y ap

pearance hut are sometitllc banded. "l'he hands arc made up 

of scales of mien 1ind fragments of dark heavier minerals. Sand

stone of this character seerns to be interbcddcd with the . hales 

11nd sandy shales in all localities whe1·e the Hoh formation ont
crops. The sirn<ly sh1tlcs ancl -;hnly snn<lstones 11'enthcr mnd1 

more rllpiclly than the belts of massive s,mdstonc ancl arc c·om

numly i1wolvcd in slides. lntimatcly this 11,atexinl passes into 
1\ bluish grny mud. 1t gencru.11~· possesses a distinct odor of 
pctroleun1 ancl in se,·ernl places yields scep1~gcs of it. .\ c1tre
ful examination of spcrimens of tltc shale reveal the pre,,ence 

of microscopic diiitoms. 

\Yithin the urea of this district there is one very well de

fined antic-line trending northeasterly nnd pnssi11g through the 
southeast 14 of Section 19l. The north limb of this ttnticline 
is well l'cprescntcd in the south point of H oh Head b_y n11tssive 
St\11dsto11es striking N01·th :30" Ea t a11d dipping 80° north
west. One J11tlf mile to the ::,outhenst, at Rocky Point, mai-si\'c 

sandstone forms the southea tern limb of the imtic:linc. De
tween thc,;c hro points the formation is composc(l of shale. 

sandy sh11lc nncl shal.r sandstone, badly inYOl\1cd in a slicle. 
These shale:, IHt,·c a very pronounced odor of oil. The massive 

sandstone n.t Hoh Head origintillJ• 1u·chcd over this anticline 

and c·o1111cdt'd with the sanclstonc tllld conglomerate on the south 
side. This l1ns s ince been remo,·ecJ by erosion. The uxjs of this 

antidinc pA.,,,;e · out into the cove as inclicatcd upon the n111.p. 

Near it,,. trend inland se\'crnl pits have been sunk. One of these 
is eig·hl ccn foet deep. From its ,rnlls oil is . lowly :seeping into 

it. All thr :.trutn in the near Yirinity gi1·e n pronounced o<lor of 
peb-olc11m. 

A scc•oncl s111all anticline enters the north side of H oh H ead 
from thr northwest 1111d trend,, South 60 East. It srcms to die 

-10 
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out before crossing Hoh Rea.cl. A thircl anticline possibly 
crosses the mouth of H oh R iver into the northenst J/1 of Sec

tion 19 but bee au e of lack of good expo u re · it:; exact cxtc-n t 

cannot be determined. It probable po ition has been indi
cated upon the accompanying map. A syncline extend: from 
the center of Section 13 northeasterly but it extent cannot be 
determined. Another . Jnc]ine enters the north point of Hoh 

Head from the ocean. It trends ontb 75° Eu. t and dies out 

before crossing the penin ula. A minor . ynclinc is deycJoped iu 
the cove between tl,e outh and nm·th points of Hoh Head. It 
is possible that this may wing itnd pass north into the co,·c on 
the north side where the t rail cou1e· down to the bcaeh. 

Ernminations or this district sl1ow thn.t petroleum A.nd ga. 
u1·c present in very mall quantities but wltethcl' they exist i11 

commerci11.l amounts 01· not liRs not been demonstrnted. lf they 
MC they sbould be sought fo1· beneath the a nticlinal axes. 

QUTLf...AYlJ'l'ffi mnm DJS'l'RlCT. 

'l'he area invoked in this region comprises the valley of 
QlLill L1yutc, Bogachiel ann Soleduck ri vers. It embrnces parts 
of southwestern Clallam uud northwestern J cfl'cl'son counties. 

Topographicnlly the district is ini ilar to that to the nol'th in 
the viciiiity of Ozette L a.kc und to the south towurrls Grays 
H arbor. With the exception of a small area neiu· t he junetion 
of Bogachicl an d Sole<luck ri ,·crs, which is upper )lioccnc all 

of the preglacial formations belong to the H ol1. The gencml 
character of the simdstoncs and shale· hu vc nl rcitdy been de-
cribecl in d1nptcl' two. The strnctu ral data may be rcfcncd 

to on Plate X I . The interpretation of tl1is data when platted in
dicates the presence of two anticlines and one syncline in which 
the strata of the H oh forn1ation a re iuvolved. Tl1c axes of these 
fo lds have ii general north-south to northwe t-so1ttheast trend. 
Their app roximate position rna.r he r eferred to upon Plate Xl. 
The axis of the western anticline trends northwesterly parnllcl 
to the cot1st from Hoh River and then swings to the nor t h and 
passes inland in Section 1, 'l'own~hip ~'7 North, Rnnge 15 W est. 
The eastern anticline trends sout.herlx in Township 28 Xorth, 
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R1mge 1:3 We~t, tlHough ections Q, 11, 16, Ql, !/l8 11nd SS i11to 
J cffcrson County. The axis of the syncline t rends southerly 
through Scctiom; ~3, ~6 and 3.5, Township 28 North, R /\,nge 14 

, ivest. The 11.xis of the syncline is best intlic1tted in the outcrops 

ulong Bogi\C"hiel R iver from thr northwest Vi of the norlhweRt 
:!Ji of Se<·tion ~-_I., rl'owni-hip Q8 ;'\orth, R ange H West, to a 

point about 011e mile westward down the river. The wrstcrn 

anticline ::.hould Cl'o~s QuiHayute R iver near t ile western bound

ary of Township 28 rorth, Hangc 14 n rest. 1tbout one and onl'

half mile· hclow the ,junction of Solcdu<·k and Bogachiel rivers. 
'l"'his conclusion ha~ been nni vcd llt from the p roj cction of the 

' tt'atu inland in M·cordanc·c with the strike and dip 1tlong the 

coast. The axi" of the eastern limb i11YolveR the ~trntn in the 
eastern part of the to,\'l1ship forming the l'a:itern houndar_y of 
:Forks Prnirie n11d underlies the _JJrairie. On the hcaclwah•rs of 

Elk Creek, C'ala\\'ah R iver and Bear Creek the dip of the stnitn 

is easterly. On the western side of I<'orks Prnirie, the surface of 
the country is low nn<l thit nnrl outcrops of heel rock strata a1·c 
absent CXC'Cpt in places along the bnnks of BogaC'hid H ivcr. 
'There the prevailing strike is north nn.d south with a we,.,tcrly 

dip. · ~Vhcrc the axis of the nntielinc should cross Bogac:hiel 

River in Section 3.J. , T ownship ~8 North, Hangt' 13 \V1'-;l, 
the ancl,.,tones indicate a nearly Ycrtical clip flnd north to s0t1th 
strike and possess in plnccs nn odor of petroleum. 

,-I'hat portion of the fornuition rcprei,cnted on the surfac·c 

nenr the nxis of the wpstern irntit'line is appnr«.'ntly cfoeply 
IJLtriccl along the eastern axis. " rlietlicr oil is present in co111-
mcrcial qtrnntitiei; ran only he clekrnii11cd hy boring upon the 

axis oF one of thc- 1t11ticlincs i11dicated upon 011c of the 1tt'C<J1n
pa11ying map:- oI the region. An examination of shales cn
counkrcd in tl1e well which i:. bci11g horcd by the ·washington 

Oil C'on1pan_r HJ Forks indiC'ntes the presence of numerous 
spcci<'s of fornminifera nnci it is prest1mably from tlwsc organ
isms that such gas Rncl oil secpttgcs 11s 1u·c pre, enl, were origin-
11.Jly dcri,•ccl. 
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The area iu,·olved in this district occupie Townshi p. fl9 

and 30 North, Range H and 15 West. It embraces a belt 
about twelve miles in widtJ1 and fifteen in length bor<leriug the 
coast. It extend from QwJlayutc Rirer northwiud to the axial 

spur extcndLng from tho Olympic "\fountain~ oubnird toward 
Cape Flattery . The region i densely covered with timber. 
'l'hc surface formation. arc largely composed of glacial depo its 
or a very thick ycnecr of oil. Along the coa t the ·and."tones 

and . hales of the Hoh formation arc expo. ed. Inland they ap
pear at only a very f ew localitic in the cliffs or along the river 
channels. The later Miocene slmhi "·hicb outcrop both to the 
south and to the north are absent in this district. The Hoh for-
111tition ha. been folded ancl the position of the anticlinn.l 1111cl syn
cunal axes haxe been iu scrtcrl upon i\Jap A, Plate IY. The chat·
n.rter of the strata lrn.s been de. cribed in chapter . ix . 

Wherever the gray haly sandstones outcrop along the 
coa t from tl1c l'nouth of Quilln.yutc ri,·er north to the Point of 
Arches thc1·c is usually a well defined odor of pctrolNm1. In 
plu.ces a white scum issues through cracks an<l possesses an 
odor of oil. There is no means of predicting whether oil i-; 
present in connnercial quantitie. 01· not. If present it \\0 ill pt·e
sumably occm henea th the anticlinal axes and ,1,ill b<' absC'nt 
along the syncuna1 troughs. Along the con-st Linc the po itions 
of tbe ttnticlinal axe are foirl_v accurate but inland insufficient 
data has been obt11.ined to determine the structure. 'l'he f orma
tion invoh·ed, however, is the Hoh 1vith which petrofoum indi
cations elsewhere are ussoC'ia.tcd. 

CONCLUSrONS. 

There , ecms to be uffici1mt cvidcmcc to w1u·1·ant consi1lc ring 

all of the Cascade Mountttins a s an extremely unfavorable 
region for the occurrence of petroleum d9posits. I n the 11·c tern 
part of tl,c shite all ii1·ea . where the fo1·n111tion i$ composed of 
basaltic ln.vas or of metamorphic ro('ks the same condition pre
v11ils. On the north slope of the Olsmpic l\Iountain,;, and in 
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mot pints of ::,Outhwestern Wa. hington, tl1t!re are formations 
present which might possibly contain petroleum deposits al
though there is no evidence 1tt present 1\rnilnhle to directl.Y sug
gest that they arc present. On the western slope of the Olym
pic peninsula there arc scYcrnl small scepnges of oil and gas ru1d 
m1merous localities where the odor of oil llH\..V be detected. The 
strnta haYe been folded 1t11d oil m1ty occur beneath the axes of 
the- anticlines aHhough it i impossible to dc-termine whether it 
occ,u·s iu commercial quantities 01· not. ;\fany so called oil 
seepages reported as occurring in other pnrts of the state con-

j -t only of a scum on water due lo rlccaying vegetation. The 
gus 1vhich often is noted as issuing from pools of wu.tcr is com
mon marsh gas which is due to the presence of deMying 1·cge
tntio11. 

RECORD OF DRILLING OPERATIONS. 

COPAT..I!'l WfilLL. 

1n 1901 a well was drilled by the 01.,mpic Oil Comp,rny, 
which i~ 110w out of existence, near the rnouth of Copalis R iYcr, 
in Grnys H arbo1· County. 'l'his well is reported to htwc hcen 
rlrilled to a depth of 850 feet ancl to ha,·e encountered very 
small amounts of oil and gas at seveml depths. The surface 
exposures of Tock in this region arc 1dmos~ entirely compo~ccl of 
Pleistocene sands nnd clays. At Copali-; R ock, on the beach, 
gray sandy sl1alcs outcrop at the water's edge itnd appear ,·cry 
similar to the sandy shales and sbnly sandstones of the H oh 

formation farther north. On account of a crnoked hole the well 
was abandoned. During the same year a well 1l'"ns ,hilled i11 the 
same region hJ the Eldorado Oil Compa11y to a dcptl, of 350 
fret nnd is ,mid to hnve passed through sanely shale for the en
tire depth. No oil was obtained hut n flo,r of artesian water 
was encountered. 

LA PUSEr Wl'}LL. 

T he following ycn.r 11. well ,v-as drilled b)T the La P ush Oil 
Company to a depth of .550 feet. The dl'rrick i::; 1,li II tunding, 
but operations ceased later in the ame yen.1· that drilling began. 
T he well is situated about three miles south of the• mouth of 
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Quillayute River ttnd one-half mile inland from the shore. T he 

formation in thi region is compo ed of Roh shales and sand

stones. 
FOHL\S PllAIUIE \niJL T,. 

Thi well is located in the . outhea t quarter of cction 9, 
Township ~8 North, Range 13 West, about one mile south of 
Forks Post Office anrl two n1ile north of BogacLicl River in 
Cil\llam County. Drilling began in the auturnn of 19m and in 
December, 1914, the well had reached a depth of ~,050 feet. 
Gas and small amounts of oil were encountered at everal depth . 
The strata as exposed in the outcrops in this region arc a pnrt 
of · the Hoh formation . rrhe well is being sunk upon the axis 
of an antic1ii1e trending nearly north and south. In a number 
of localities in the nea1· vicinity of the well tbc strn ta y ield a. 
decided odor of oil and emit small quantit ies of gas. Gas ilnd 
i:;mall a mounts of oil were siLid to hiw e been encountc1·ccl at . eY
eral depths as the well was bc.ing sunk. The mn.chincry con:si,sts 
of a standard rig opemted hy st eam power. Boring was tar ted 
w-ith a 16-inch casing and continued to u. depth of 100 fret . 
The following stntement is the record of rnsing nsccl in tl1i 
well: 

100 !r>ct 16-lnch. 
300 rr>ct l.21,4-i nch. 

l 002 !ret 10-lnch. 
1:.50 (ect 8-lnch. 
19SO fl'et o Y, -loch. 

norr READ WELL. 

T his well is situated in Section lfl, T owmhip ~6 ~ or th. 
R ange 14 W est, about two miles north of t he mouth of H oh 
R iYCl' in west ern J effer son Cottnty. The forma t ion in this 
vicinity con ists of slrn.le!! nnd sandstones of the H oh formation 

"·hith have been folded into anticlines trnd synclines. The H oh 
H ead well is being dri11cd on the 11._xis of a northwest to south
east anticline immedii,tely . ot1tli of H oh H ead. D rillin g \\' !lS be

gun in Septembe1·, 1913, and continued to a depth of 901 feet. 
The following log lrn been furni hcd by the J efferson Oil Com-
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pany. Whcre,0 er- the t erm s1ate is employed it presumably re
fers to 1\ hnrclcucd shale. 

l'c(' / 

:l!ud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . 9 
;:, St1nd 

Shllh' 
Shale 
Sllnd 

· · ••••••··· ....... . ....• ..... ••..••••• ·•••·•••••• :l;J 
17 " 

5 
Shol,• ,ind ,;nn,t .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;; 
Hbul<' •........•.•.•.....•... , .• , .• , , , . , , .• · - · ..•....... 20 
Snn(I • • • . . . . . • • • . . • • • • • . . • • • • • • • • • • • . • • • • • • . ... • . • • • • • • . fi 
Sllal!• ................••. · - ·............... . ........... .. :; 
!Shnl(' Mlt.l snncl ................................. ....... , • 
Shalt• ....•...•.......•.•..•.•• . •• , , , • , · • ·, · · • • · · · · • · • · ~;; 
Shu I~ nnd l!Olld . . • • . • . • . . . • . . . . . . . • . . . • • . . • . . • . . . • . • . • . . • ,, 
:,.:.hnl(• . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2;i 
Santi . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :1 
i-bult, . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . • • . . . • . . . . . . . . . 3i 
St1ntl • • • . . •• . • • •• • • • • •. • • • ... . . • •. • • • • . . • . . • •• • . • • . • . .• . ::J 
Shnlt' ............... -~. ... . . . . . . .. ... . ......... .. ........ 7 
snml .j 

Slut,• .................................... , ...•. , . . • . . • • . . . 2(1 
Snnd • . . . • • . . • • . • • • • •.. . • • • . • • • • • • • • • • • . • • • • • • • • • • • • • • . . ., 
SIM<' • . . • • • . . • • • ... • • • . . • • • • . ...... ....... ................ 20 
SI 11 t~ 11nd ~IUld ...•• •••••••••••••..••••• .. • ....••.•••• , • • . . ;; 
!-late .................... . . . . , . .. ........ ·-·. . ....... .. 1:. 
Snnd nml sh1l<' •....• , .. , , .• . ..•.......•.... , . . • . . . . • • • . . 20 
Sl nt1• . •................. · - · ............................ lCi 
Snnrl ( littl(' gns)......................................... :i 
S lntt> . . • • . . • ... • • . • . . . • • • . . • • • • • • • • • • • • . . ..... • • • • . • • • . . . • :!G 
~oncl (gns1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :? 
Slnll' ... . ........ • ....•.. • · -· .•..•.......•. • . •.. ,.. ..... :~8 
Slntl' . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IO 
~lntc • . • . . ... . . . . . . . • • • . . . • • • . . . • . . • . ..................... 5 

Sand {111\I sin tr • • . • • . . . • • . . . • • . • • • • . • • • • • • • • • • • . • • • . • . • • • SIi 
Ftnrd ~I\Dd .......... .....• , ... , , • · ...• , , ....• • , • · · , · · · · 
Santi nnd $11011· ••••....•• , • . • • • • • . . • • . • • • • • • • . • • • • • • . • • • . 86 
Rarcl shnlc •.••.. .. .... , . . . . . . . . . ......................... 14 
Shnh; . . . . . . . . • • . . . . . . . . . • • • . . • . . . . • . . • • . . . . . . . . . . . . . . . . J.l 
Snnd . . .................... ·- ·........... .. . • . . . . . • . • . . . 6 
Shah• (big 1<how-lng o! g!IS).. • . . . . • . . . • • • • • . • . . . . . . . . . . . . . . t~ 
~11ncl ....... ......... .................................. I~ 
IS!Jttlt: • . • . . • • • • • • . • • • . . • • • • • • • • • . . • • • • • • • • • • • . . • . . . • . . . . 9 
Sn.nd nod sbnlc ( bcn.vy ga8) ........... .................. , . . . r. 
Sand (oil n.ncl 1rns}. . . . . . . . . . . . • . . . . . . . • • • • . . . • • . . . . • . • . . . 105 
Sn,nd o.od shn.le ••... ........... ............... , . . . . . . . . . .JO 
Snnd ...... ........................... ............... , . 1;; 

~ Rnnd and shalr, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Snntl (\',,ry h~n,·y gos).................................... IO 

·rotnl ...•.....• , .....•..•..••.......... ......... 1101 

On ,June 30th, 1914, a second 1vcll was started a short dis
tance from wcU No. 2. Up to t he present time this well has been 
sunk to u depth of 986 feet . The strata passed through was 
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similar to that encountered in well Number 1. The following i 
a list of the casing used : 

·H feet 18-lnch. 
7 feet 15 ~ -Inch. 

331 ree 12 1/.i -inch. 
:nu feet l O·iucb. 
i6G [cct 8-inch. 
:JSti feet (Huch. 

This property has been operated by the Jeffer on Oil Com
pany of Aberdeen. 

QEl"~IULT W1'JLL. 

Immediately north of the mouth of Queniult Uiver and ·outb 
of Cape Elizabeth jn Section 35, TowDship QQ North, Range 13 
West a well wa dri ilcd by the Indian Oil Company. The forma
tion inYolved in this region is the Montesano or upper 1Uiorcnc. 
J ust south of Cape Elizabeth a minor flexur e in the form of tl 

mouocluuil fold e.xtend. northeast and southwest. On the ·ur
faee of the bench at a11 clcvi:ition of about ~50 feet n mound ha · 
been bui lt up and A.t the npcx: of the ·mound there is tl small 
crater filled with water from which gas is continuou ly bubbling 
forth. vVitlti n 1t few feet of the apex a. well lu\s been , unk to 
a depth of over 500 feet. I n October, 1914, a ne\\· 11·eJJ 11•as 
started neat· by and was sunk to tt depth of -158 feet. 'l'he well 
was star ted with 10-incJ, ca ing. T he machinery consists of 
a rotary rig operated by steam power. 

WHlLAPA Wl:.Lf,. 

Thi s well was <lrillcd by the \ .Villapit H arbor Oil Cotupnn_y 

nea r the town of R itymond, P ac ific County. T he forn1ations en
cotmtl'red consist of shales and -andstoues of Oligocene age. 
D rilJing was begun on August !9th, 1914, and on October 17th 
of the same year a depth of 1,445 feet had hccn reached. 'r he 
following Jog has been r<'ported by the company: 

/ ,"1•("/ 

Clay $Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . Ii 
f'ln~· nnd ~nnds111111· •...•..•... , . . . . . . . . . . . . . . . • . . . . • . . . ::.1 
Dnrk sholt' .•........ . .... ... ... .. ................. . .. .. 100:i 
:-lnncl wllh lo<llcatiou~ ol 011........ •• . • • . • . . . . •• • . • • . . • . . . u 
Shale ..................... .. .... ... _. . . . . . . . . . . . . . . . . . :U•I 
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Drilling was startccl with ten-inch casing and continued with 
such to i\ depth of 850 feet. F1·ou, the 350-foot level 81/2-inch 

casing mls used to a depth of ] ,154 feet . Below that clepth 

6111-inch ca ing wn,; employed. 

cmco WELL. 

This propel'ty is owned by the Kitsap Oil nnd D evelopment 

Company of Bremerton, W'ashiogton, and is locn.tccl i11 cction 

5, Town:,;hip ~N North, Rtmgc l EMt, near Chico, in JGtsap 
County. Drilling was begun in D ecembei·, 1913, and in De

cember, 1914, a depth of l,-l08 feet h11,d been t·ea<'hcc1. A tand
ard rig with hydrnulic circnllltor wni; used Hnd operated by 
steam power. Use was rnaclc of the following sized casings: 

1 Ql,~-iuch for the first 170 feet: 10-inch for the next 450 feet: 
8-incl1 for the following 875 feet and 6-inch for the remainder. 

'!'his well was drillecl on the nortu flank of the N"cwcastJc 

anticline. 'I'he surface fo rmations iu-c composed of glacial drift. 

Below the drift arc steeply tilted sandsto11es a11rl slmJcs of the 
midd le Oligocen e for1111ttion. No log is 1waihible for use in this 
report. 

BALLARD WEl,L. 

This 11-clJ is located in Dallarcl in the northwestern part of 

, cattle. The surfocc formations al'e composed of very thick 

deposit of glacial clrift which A.re presumably underlain with 
shales ~mcl . tmdstoncs of Oligocene age. In Dcccnibcr, 191-i, 
the well Jrnd been drilled to t l depth of 1,700 feet. Thr well 1\'"us 

started with 1!5-inch casing imd later reduced to l!-inch, 10-

intlt, 8-inch and finally 6"14-inch casing. A standard ng was 
in~bdlcd and opcrsttcd 11·ith oil for fuel. 

l'A('JP[(' !l.'l'A'l'M1' WEJLL. 

This propert.Y is loca tecl in Sedion 15, 'fo\\·n hip 15 N odh, 
Hauge 3 vVcst, in T hurston County. Drilling was sbwtcd in 
.\pril, 1914, by the P acific States Oil Company, and in D e
cember, 19H, a rlcptli of 750 feet had been nttnined. Opern

tions began "·ith a Number !7 Star rig, but later a standard 
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rig "·as installed. The well wa started w-ith rn-inch easi_ng and 
at the pre ·ent level a teu-inch was employed. 

OIL!l'JJiJLD WEU,. 

Thi property i. owned by the Home Oil Company of Seattle 
and i located in King County in Section 12, Town hip S4 
North, Range 5 East. Drilling was begun in November, 1914, 
a.ad in January of the following year a depth of S 16 feet was 
reported. The well wa tarted with HZ-inch ca ing and a Key-
tone rig. The geologic formation in this region is the c tuarine 

phase of the 'l'ejon Eocene but the sUl'face deposits arc com
posed of glacial d1·ift. The Eocene sandstones and . hale are 
a pm-t of the south limb of the Newcastle a.ntlclinc. 
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FAUNAL LOCALITIES lN \VES'rERN WASHINGTON.• 

1 
One and one-half miles east of Vader. Le wis County, on the west 

bank of Cowlitz River In massive sandy shales of marine origin, situated 
in Section 27. TownsblD 11 North, Range 2 ~rest. Tejou series. u1mer 
EocE'ne. Old localtty 3003. 

2 
On Oleqna Creek about oue mile above the junction of Olequa and 

StJllwater creeks, back o[ the old Cantwell place, in Section 29, 'fown
shlp 11 North, Range 2 '.\"est. Tejon series. u])per Eocene_ Old locality 
3002. 

:-l 
On a small creek about one third mile from Us junction with Brinn 

Creek. under an old bridge, in Sectlon 26, TO'\\'llshlp 11 North. Range :} 
West. Tejon series, upper Eocene. Old locality :3001. 

5 
ln Lewis County at a ledge just above the jllllction of Olequa and 

Stillwater creeks at Vader in Section a2, Township 11 Noi•th, Range 2 

West. Upper Eocene_ Old locality 30011. 

6 
In Lewis County one mile west of junction or Stillwate r and Olequa 

creeks on the former in Section 80, Township 1 L North. Ra11ge 2 West. 
l."pper Eocene, Old locality :lQ05. 

i 
On Coal Creek, Cowliv.1 County, one and one-half miles north from 

Inman Polson Logging Company's store. 

8 
ru Coal Creek, Cowlitz County, one mlle uortb from lnmau Polson 

Logging Company's store, in brackisb wale r shales, in Section 35, Town· 
ship fl North, Range 3 West. Old locality 3007_ 

9 

In 1'0rlhern Pacific Railway c11t one hundred [eet east of Seattle 
B1·ewiilg & Malting Company's brewery at Georgetown, South Seattle. 
in Section 20, Township 24 North, RangP 4 East. Oligocene. Old lo
cality 3008. 

JO 
About one thousand feet south of Alki Point, Wesl Seattle, in Oligo

cene shales outcropping at. the water's edge in Section 15, 1'ownsbi11 2-1 
Xortb, Range 3 East. Old locality 3009. 

• Prnm 'l'M·1iory l~a.111111[ IJorJzom; or \\'e~tern Wn~hlngton, l'nlY~r,11.1· of 
\\·n~bin;.rlon l'uhliculion~ in O,•olo~ . .-. Vol . I. :>.o. 1. m>. 1\-22. 
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11 
A.t northeast corner of rock outlier at Duwamish station in Section 

10, Townslllp 23 ;-fol'th, Range 4 East. 'l'ejoo series, UDper Eocene. 
Marine sandstone. Old locali ty 3010. 

12 
In Northern Pacific Railway cut one-hall mile north of Cathcart 

Station, Snohomish County, in Section 6, Township 27 North, Range 6 
East. Locally known as Fiddlers Bluff. Oligocene. Old locality 3011. 

13 
In marine sandstones 011 north side of Restoration Point, Kitsap 

County, opposite Seattle, in Section 12, Township 24 North, Range 2 
East. Oligocene. Old locality 3012. 

14 
On the south fork of Ostrander Creek two hundred feet south from 

a point where the logging roacl crosses, which is 1130 feet from the 
town of Ostrander. In Section L2, Township 8 North, Range 2 West, 
In brackish water upper Eocene shales. 

18 
In Cowlitz County in Coal Creek 0500 feet u11 cr eek froru lnman 

Polson Logging Company's store. In section 35, Township 9 North, 
Range 3 West. Upper "Eocene. Old locality 135. 

20 
Tn Cowlitz County 13,000 feet up Coal Creek from wagon bl'ldge 

crosslng. Upper Eocene. Old locality 136. 

21 
J_n Cowlitz County 14,000 feet up Coal Creek rrom wagon bridge 

crossing. Upper Eocene. Old locality 137-B. 

22 
On east side of Ilwaco Point in Section 4, Township 9 NorU1, Range 

11 West, in shales which are interbedded with basalts. At traverse 
station 32. 

23 
In bluff on north side of Columbia River one-half mile east of the 

town of Dwaco in Section 34, Township 10 North, Range 9 West. Prob
ably Oligocene. 

24 
At Koappton, Pacific CotllltY, on north side of Columbia River in 

bluff back of cook house of Knappton Lumber M111 in Section 8, Town
ship 9 North, Range 9 West. Ollgocene. Old locality 139. 

26 
In Pacific County in bank of Nasel River two and one-half miles 

east of the town of Nasel in Section 11, 'rownship 10 North. Range 9 
West. Oligocene. Old locality 140. 
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27 
In Pacific County 700 feet up Alder Creek [!'om its junction with 

the east fork of Nasel River in Section 15, Township 11 North, .Rauge 
8 West, in a tine dark colored tu.llaceous shale interbedded with luffs 
and basalts. Oligocene. Old locality 151. 

28 
111 Pacilic County 12,000 feet up Hull Creek from lhe hotel at. town 

of Gray's River in Section G, ·rownshiJ) 10 North. Range 7 West. Oligo
cene. Old locality 154. 

29 
In Pacific County 15,000 feet UJl Hull Creek from tbe hotel at town 

or Gray's River in Section 6, Township 10 North, Range i \Vest. Oligo
cene. Old locality 165. 

® 
Sea cliff between Poiut Grell\·ille and Taholah in Section J:3, Town, 

ship 21 North. Range 1:J West. Utmer Miocene. 

31 
In railway cut, 0.-W. R. R. & X. Co., one-half mHe west of Lincoln 

Creek Station, Lewis County, in Section 36, Township 15 North. Range 
3 West. Oligocene. Old locality J 81. 

32 
\'\"est of the couuly wagon bridge over Lincoln Creek lu sandy 

shale, near Lincoln Creek Station. Old locality 180. 

33 
Six thousand feet east of Helsing Junction on the O.·""~- R. R. & K 

Co. in Thurston County. Eocene. Old locality 182. 

34 
In Pacific County on Grays River two miles beyond its junction with 

Blaney Creek in Section 19, Township 11 North, Range 6 West. In a 
dark tuffaceous shale. Oligocene. Old locality 158. 

35 
ill Pacific County on Nemah River at wagon bridge crollsiug, four 

miles east of Nemah post office in Section 33, Township 12 North, 
Range 8 West. Shales lnterbedcled with basalt. Old locality J67. 

36 
Exposure at old wagon road trestle along WillaJ)a River at the town 

of Willapa. ill SecUon 22, Township l4 North, Range 7 ,vest. Ollgo· 
cene. Old locality 170. 

37 
Ju Pacific County at Northern Pacific Railway bridge below _Lebrun 

Station In Section 6, Township 12 North, Range 7 West. Oligocene. 
Old locality l 75. 

,. 
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38 

at br.idge over Chehalis River northwest of Pe Ell station at power 
station in Section 34, TownshiJ) 13 Nortb, Range 5 West. Old locality 
176. 

39 
One mile northwest of Pe Ell station lo Lewis Count)· on west side 

of Chehalis River, io Section 33, Township 13 North, Range 5 West. 
Old locality 177 A. 

40 
In Northern Pacific Railwar cut 67 miles north of Portland. 

41 
In bank of small creek below Booth's bouse near junction with 

Stillwater Creek, in Section 25, Township 11 North, Range 3 West. 

@ 
In railway cut 0.-W. R. R. & N. Co. two thousa11d feet east of the 

Oakville wagou bridge over Chehalis River, Ln Section l. Township 15 
Nortb, Range 5 West. Upper Eocene. Old locality 184. 

ln tbe bluff of LanJrner Cre~rays Harbor County, 16,000 feet 
UJ> Crom the 0.-W. R.R. & N. Co. crossing in Section 25, Township 17 
North, Range G West. Oligocene. Old locali ty 185. 

@ 
ro the bluff of L.ank.ne r Creek, Grays Harbor Count)·, 18.000 reet 

UJJ from the 0.-W. R. R. & N. Co. crossing in Section 25, Township 17 
North, Range 6 West. Oligocene. Old locality 187. 

@ 
tn the bluff of Lankner Creek. Grays Harbor County, 2i>,OOO feet 

up from the 0.-W . .R. R. & N. Co. c rossing iu Section 33. Township 17 
North, Range G West. r':) 

® 
In Grays Ra rbor County in 0.-,v. R. R. & "K. Co. cut at culvert 38 

E>asl, 24,000 feet west from South E lma, In Section 7, Township 17 

No,:hl:::• ,:u:::: .. U~p:: ::il,:~: ::::::::., south from 
0.-,v. R. R. & N. Co.'s track in Section 29, Township 17 North. Range 
8 \Vest. Lower Miocene. 

In SecUon 25, Township lG K~. Range 8 Wesf, on North River. 
Grays Harbor County. Lower Mi~.ene. 

~o 
In the banks of Wynoocbee ; ver, Grays Ha.rbol' Couuty, 35,000 

reet north of Otte r Postoffice a.nd 12,000 feet south of Reinkens' farm 
ln Section 22. Township 19 North. Range 8 West. Upper :Miocene. 
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51 
Five buudred feet north of locality 50 ou \Vynoochee Rh·er, Grays 

Harbor County. 
52 

In bluff on Wishkah River, northwestern 1iart of Aberdeen. at a 
point where road to Grand Forks first reaches river after leaving 
Aberdeen in Section 9, Township 17 N'orth, Range 9 West. Upper 
Miocene. Old locality 711. 

53 
Wahkiakum County In wesl banJi of Alockaman River in Section 

35. Township 10 Nortb, Range 5 West. Lower l\Iiocene. Old locality 
number 2l 0. ilrca m.ontereyana abunclanl lo nodules. 

64 
Four hundred feet south of locality number 53 in west bank of 

Alockaman River. Fossils abundant. Lower Miocene. Olcl locality 211. 

56 
ln bank or creek in ;-.:w1i4 of section 6, Township 9 North, Range 5 

West, in \Vahkiakum County. Oligocene. Old locality 213. 

57 
[n bluff on branch of \\71lson Creek in Section 36, Township 10 

~orth, Range 6 West, Wahkiakum County. OHgocene. Old locality 214-. 

58 
~asel River. On Pentler's rancb. one mile west of point where 

wagon road crosses to south side. Oligocene. 

59 
On Fossil Creek near log dam in east part of Section 10 ancl west 

part of Section 11, Township JO North. Range 6 West, in Wahkiakum 
County. Oligocene. Old locality 29. 

60 
Bluff on Chehalis River along 0.-W. R. R. & N. Co. track at mile

post 37, about four miles wesl or South Elma, In Section 11, Township 
17 North. Range 7 Wesl Upper Miocene. Old locality 50. 

61 
Vance logging road at old milepost ill coarse grained sandstone in 

Section 28, Township 18 North, Range 6 ,vest. Upper -Miocene. Old 
locality 51 . 

63 
East branch of Clements logging road south of Montesano ln 

Grays Harbor County in the Northwest quarter of Section 28, Town· 
ship 17 North, Range 7 West. Lower ll'fioce11e. Old locality 54.. 

t4. 
East branch of Clements logging road one-half mile east of where 

couuty wagon road crosses, in Section 27, Township 17 North, Range 7 
West. Lower ~Uocene. Old locality 55. 
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'65 
On east branch of Clements logging road one-half mile east of 

where county wagon road crosses in Section 29, Township 17 North, 
Range 7 West. Lower Miocene. Old locaUty 56. 

66 
Ou east branch of Clements logging 1·oad, one mile west t>f county 

wagon road intersection in Section 29, Township 17 :-{orth, Range 7 
West. Lower Miocene. Old locality 57. 

67 
Bluff ou Chehalis Logging Company road one mile west of Monte

sano in Section 6, Towuship 17 North, Rauge 7 West. Lower i\liocene. 

Old locality 58. 
68 

Logging railway cut on Sylvia Creek in a conglomerate of upper 
Miocene age, in Section 32, Township 18 North, Range 7 West. Old 
locality 59. 

69 
Along logging railway in cut on Sylvia Creek, one-half mile north 

of locality 68 in conglomerates. Upper Miocene. 

70 
Five hundred feet north of junction of north branch of east fork of 

'Wilson Creek in Wahkiakum County on former, in Section 36, Town
shiI) JO North, Range 6 West. 

71 
Two miles up middle fork of Skamokawa River from junction with 

main river in 'i.Vabkiakum County, Section 32, Township 10 North, 
Range 6 West. Oligocene. Old locality 216. 

72 
Wahkiakum County, on McDonald Creek, two miles above its junc

tion with U1e middle fork of Wilson CreEok, Ju Section 28, Township 10 
No1·th, Range 6 West. Oligocene. Old locality 217. 

73 
Station 31 on Nase! River traverse line, Pacific County, Section 6, 

Township 10 North, Range 8 West. Oligocene_ Old locality 223. 

74 
Station 34, Nasel River traverse line, Pacific County, in Section 6, 

Township 10 North, Range 8 West. Oligocene. Old locality 224 a. 

75 
Station 73. Nase! River traverse line, Pacific County, in Section 25. 

Township 11 North, Range 9 West Oligocene. Old locality 229. 

76 
Station 16, Nase! River traverse line, Pacific County. in Section 6, 

Township 10 North. Range 8 West. Oligocene. Old locality 231. 
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77 
Station 22, Nasel River traverse 11ne, Pacific County, i ll Section 6, 

Township 10 North, Range 8 West. Lower Miocene. Old locality 233. 

80 
1600 feet above first railroad bridge on Wlllapa River below Roi· 

comb ill Section 26, Township 13 North, Range 8 West. lu Oligocene 
shales. Old locality 241. 

81 
One-hair mile up Green C1·eek l'rom Wlllapa River in Pacific 

County in Section 26, Township 13 North, Range 8 West. Oligocene. 
Old locality 241. 

82 
1200 feet above highway bridge near mouth of Green Creek. Old 

locality 242. 
83 

7050 feet up Green Creek from Willapa River. Pacific County. 
Oligocene. Old locality 243. 

84 
7750 feet up Green Creek from Willapa Rivel', Pacific County. 

Oligocene. Old locali ty 244. 
85 

8250 feet up Green Creek from Willapa River , Pacific County, in 
Oligocene shales. Old locality 245. 

86 
8880 feet up Green Creek rrom Willapa River, Pacific County, in 

Oligocene shales. Old locality 246. 

87 
11,350 feet up Green Creek from Willa11a River, Pacific County, in 

Oligocene shales. Old locality 247. 

, 90 
In bluff north side Chehalis River 2240 feet west or Porter station 

along Korthern Pacific Railway track. Oligocene. Grays Harbor 
County In Section 21, Townsbi11 17 North, Range 5 West. Old locality 
260. 

92 
On North Rivei· branch of Chicago, Milwaukee & St. Paul Railway 

grade 3000 feet north of point where wagon road goes up Vesta Creek, 
near Chamber's farm, Crays Harbor County, Section 25, Township 16 
North, Range 8 West. Lower Miocene. Old locality 265. 

93 
22.000 teet up Wynoocbee River [rom Otte!' Post Office. in SW%, 

of Section 5, Township 18 N'orth, Range 8 YVest. Upper Miocene. Old 
locality 270. 
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94 
Blul'f back of Lincoln School in Hoquiam, Grays Harbor County. 

Poorly preserved specimens of Scutella gabbi. Upper Miocene. 

96 
28,000 feet up Falls Creek from Brooklyn in Pacific County, in Sec

tion 10, Township 15 North, Range 6 West. Old locality 281. 

97 
In Section 34, Township 15 North, Range 7 West, in a small creek 

entering North River just north of Grays Harbor-Pacific County line. 
Lower Miocene. Old locality 282. 

98 
Bluff on Willa_pa River, between Holcomb and the railroad bridge 

west of town iu Section 36, Township 13 North, Range 8 West. Oligo
cene. Old locality 283. 

99 
On Wishkah River wagon road one mile north of Aberdeen in Sec

tion 4. Township 17 North, Range 9 West. Upper Miocene. Old lo
cality 191. 

( 100 
On wagon road cut up Wishkah. River road one and one-half miles 

below Wlsbka:h Post Office in Section 11, Township 18 North, Range 9 
West. Old locality 192. 

101 
One mile beyond Wisbkab Post office in bank of river in Section 

35, Township 19 North, Range 9 West. Upper Miocene. Old locality 
193. 

102 
Station 837 Neah Bay-Cape Flatterr traverse. About one-halC mile 

west of Kaitlab Point in the cliffs. Oligocene. 

103 
At station 996, Neah Bay-Cape F lattery traverse. About one mile 

west of Kaitlab Point in tbe sea cliffs. Lower Miocene. 

105 
About 200 feet east of Slip Point light house, west of Clallam Bay 

on coast line. Lower Miocene. Old loca llty 92. 

109 to 109 
At base of cliff, Slip Point, east of Clallam Bay on coast. Lower 

Miocene. Old locality 92A. 
111 

Mouth of Maxfield Creek in southwest quarter of northwest quarter 
of Section 28, Township 28 North, Range 14 West. Old locality 94. 

112 
Southeast quarte1· of northwest quarter of Section 16, Township 28 

North, Range 14 West. Old locality 95. 
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113 
Tweuty feet east or line of Lot 1, Section 27, Township 28 North, 

Range 14 West. 
1H 

Northeast c1uarter of northwest quarter of Section 27. Township 28 
North, Range 14_ West. Old locality 9G. 

115 
Tn brown sandstone on Soleduck ruver b luff about center or Sec· 

tlon 20, Township 28 North. Range 14 West. Old locality !17. 

117 
Station 161, Wishkan River t!'averse. In bank of river In Section 

30. Townshil> 20 North, Range 8 West. Grays Harbor Count.v. Up1ier 
Miocene. Old locality 2032. 

118 
Middle fork of Wishkah River 300 Ieet south of localil~· 117 ln 

bauk of rh•er. Upper .1\Iiocene. Old locality 2033. 

119 
Middle fork of Wlshkah River 1200 feet south of locaUty ll 7 in 

hank or river. Upper Miocene. Old locality 2033A. 

120 
Middle fork of Wishkah Rlve1· 100 feet south of locality lli in ba11k 

of river. U1)per :Miocene. Old locality 2034. 

121 
l\Ilddle branch of Wlshkab River iu east central part or Section 31. 

'l'ownship 20 North. Range 8 West. Upper Miocene. Old locality 20~5. 

122 
Middle branch of \,'Ishkah River, 800 l'eet west or locality 121. Up

per Miocene. Old localitr 2036. 
123 

J\liddle branch of Wlsbkah River in south central part or Section 
36. Township 20 :"forth. Range l:J West. Uppe1· Miocene. Old localHy 
2037. 

LU 
1.Liddle branch of Wishkah R!Yer 1000 feet southwest or locality 

123. Upper i\Iiocene. Old localilr 2038. 

125 
Middle branch of Wlsbkah Rive,· lo southwest quarter or Section 

1, Township 19 North, Range 9 West. Upper Miocene. Old locality 2039. 

126 
One and one-hair miles north of Hoquiam on road to Copalis in a .,...._.... 

cul on west side of road, in Section 34. Township 18 North, Range 10 
West. 1r1,per Miocene. Old locality 90J. 
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128 
At stu·vey stake 388 on North Rirer branch of Chicago, ~m

waukee & St. Paul Railway in Grars I-Iarbor County in Section 29, 
TownshiJ> 17 North. Range 8 Wesl Lower Miocene. Old locality 903. 

129 
ln south bank of south fork of Stilluguamish Rirer in Section 11, 

Township 30 Norlh, Range 6 East, Snohomish County. Oligocene. 

130 
Ou west bank of Wilson Creek, Pacific County, one mile west of 

Willapa Post Office, in Section 21, Township 14 North, Range 8 West. 
Oligocene. 

1~1 

Logging railroad cut one mile west of Montesano, Grays Harbor 
County, jn Section I, Township 17 ;-..;orth, Range 8 Wesl. Lower Mio
cene. 

11:}2 
Nol'tb River branch of Chicago, Milwaukee & St. Paul RaJlway, 

300 feet south and up h.ill from cuh·ert 3 or 0.-W. R. R & ~- Co. track 
in Section 29, Township 17 North, Range 8 \\'est. Lower Miocene. Old 
locality 1000. 

133 
North River branch of Cb!cago, Milwaukee & St. Paul Railway, 200 

feet to the southwest from locality 132. 

135 
Railway cut on Nortb River branch of Chicago, Milwaukee & St. 

Paul Railway in the northeast quru·ter of the northwest quartet' of Sec
tion 29, Township 17 North, Range 8 West. Lower Miocene. Old lo
cality 1008. 

136 
Railroad cut 300 feet west of locality 136. Lower Miocene. Old lo

cality l 009. 
137 

Bluff in wagon road along east side of Wynoochee River one mile 
south or Bitter Creek in Section 35, Townshl.p J.8 North, Range 8 West. 
Lower \iiocene. 

138 
In bank of Wyuoochee River a long wagon road 600 feet uorth of 

station 137. Lower Miocene. 
140 

-- Cut in south side of "Think of Me" h111 In East Aberdeen, Gl'ays 
Hat·bor County. UpJ)er Miocene. 

141 
Kortbern Pacific Railway cut 3000 (eet east of locality 140. Aber

deen. 
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142 
Xorthem Pacific Ritllway cut 270 feet east or locality 141, Aber

deen. 
144 

Stratum 20 feet sb·atlgrapbically above that at localltr 142 in tbe 
Xorthern Pacific Railway cut east or Aberdeen. 

145 
In cut at Aberdeen, Grars Harbor County, aL corner Summit and 

Chehalis streets. 
146 

Sun•ey slake 110 011 Chicago, l\lilwaulcee & St. Paul Railway at 
Cosmopolis, Grays Harbor County, in section 23, Township 17 North, 
Range 9 West. Umier l\fiocene. 

147 
Railroad cut on Chicago. ~lilwaukee & St. Paul Railway track !00 

feet east or locality 141!. 
1.48 

Ocean bluff one mile north of Point Grenv!lle in Section 13, Town
ship 21 NorU1. Range 13 West. Upner Miocene. 

151 
Log dam number 35 on the west Cork of W\shkah River in Section 

35, Township 20 North. Range !I West. Upper j'l,1Jocene. Old locality 
number 100,006. 

152 

One bunclred feet south of locality 151 in canyon or \Vest branch 
0£ ,vishkah River. 

154 
)forth side of Restoration Point, Kitsap Countr. Oligocene. 

165 
Small creek emptying Into Coal Creek. Klug Cou11ty In Section 23, 

Township 24 North, Range 5 East. Oligoce.ne. 

150 
Southeast quarter, Section 13, Township 24 North, Range 5 East, 

one mile west of Lake Sammamish, King County. Oligocene. 

157 
One mile east of locality 156 in Section 14, Township 24 North, 

Range 5 East. Lower Miocene. 
168 

One-fourth mile north of Woodman's station Oil shore of Port Dis· 
covery Bay in Section 5, Towushi1, 29 North, Range 1 West. Oligoce ne. 

169 
Three hundred feet north of locality 158 Oil east shore of Port Dis

covery Bay. 
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160 
Bluff at Porter Station in N. P. Railroad ;:i in Section 22, Town

ship 17 North, Range 4 West. Oligocene. 

161 
To wagon road cut one-half mile east of Porter in Section 27, Town· 

ship J 7 North, Range 4 West. Oligocene. 

162 
On western shore, Port Townsend Bay, in SecUon 36, TownsbiJ> 30 

North, Range 1 West. Oligocene. 

163 
On western shore Port Townsend Bay in Section 36, Township ~O 

' North, Range 1 West Oligocene. 

164 
At Restoration Point. Kitsap County. 

165 
Oalc Bay on western shore just south of shitl canaJ spit, in Section 

7, Townshl1> 29 Nol'th, Range 1 East. Oligocene. 

166 
Six hundred feet west or Porter slnlion in Northern Pacific Rail

way cut, Section 22, Tow11shiJl l 7 North, Range ;; Wesl. Oligocene. 

167 
·wagon road cut on Wilson Creek, Pacific County, in Section 21, 

Township 14 North, Range 8 West. Oligocene. 

168 
Old embankment along Wlllapa Rive r at trestle in Section t7, 

Township 14. North. Range 8 W1>st. one-talf mile south of Willapa Post 
Office, Pacitlc County. Oligocene. 

169 
Oakville quarry. in sandstone ovel'lying basalt. one mile west of 

Oakville. Crays Harbor County, on Nort.'lel'n Pacific b·ack. Section 19, 
Township 1 G North, Range 4 West. Ollgocene. 

170 
Hair Aloon Creek, Pacific Countr. in Section ~4. Township 13 No1·th, 

Range 7 West. 
172 

Street cut Columbia City, Seattle, at 50th Avenue _South. and one 
and one-half blocks south or Ferdinand Street. Oligocene. 

J73 
Street grade Columbia City, Seattle, col'ner -12ud Street and Juneau 

Street. Oligocene. 
176 

Bank of small stream entering SatSop Rl\•er from west, in Section 
23, Towns11ip 18 North. Range 7 West. Upper ;\[iocene. 
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174 
Bank of small stream entering Satsou River from west, in Section 

23, Township 18 Xorth, Range 7 \Vest. Upper Miocene. 

176 
Bank of small stream entering SatsOJ) River Crom west, in Section 

23, Township 18 North. Range 7 West. Upper Miocene. 

177 
Ocean cliff south from Hob River in Section 32, Township 26 North, 

Range 13 West. Probably upper Miocene. Jetterson County. 

178 
Bluff along souLh shore or Strait of ,Tuan de Fuca In Clallam Coun

ty, one and one-l1alf mHes west of Twin Post Office, Section 22. Town
shiI) 31 North, Range 10 West. Oligocene. 

179 
1000 feet west of mouth of Wesl Twin RI ver in Section 22, Town

ship 31 North, Range 10 West. Oligocene. 

180 
Oak Bay, Jefferson County, in cliff lo north half of Section 18, 

TowosbJp 29 North, Range 1 East. Oligocene. 

18L 
Cape Elizabeth, Grays Harbor County, Section 34, Township 21 

North, Range 13 West. Upper Miocene. 

182 
Six hundred feet south of Keyhole at Cape Elizabeth, Grays Harbor 

Cou_nty. Upper Miocene. 
186 

One and one-fourth miles north of Point Grenville, Grays Harbor 
County, Washingloo, In Section 26, 'rownship 21 North, Range 13 West. 
Upper Miocene. 

187 
Cut along street ca1· b·ack in north end of Columbia City, Seattle. 

Oligocene. 

188 
Klug coal mine north of Issaquah, King County, in Section 22, 

Township 24 North, Range 7 West. Lower 1\1 iocene. 

189 
Conglomerate bank along Sll\'1a Creek. Grays Harbor County, in 

Section 32, Townshl1> 18 North, Range 7 West. Upper Miocene. 

192 
Columbia City, Seattle, t:rom llill six blocks west of City Hall. OIi· 

gocene. 
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( 193 
Bluff north side of mouth of Ra1'(River, Grays Harbor Collnty. Sec

tion 21, Townshill 23 North, Range 13 ·west. Upper l\Llocene. 

194 
At culverL 38, in bluff along 0.-W. R.R. & N. Co. track, H miles 

west of South Montesano, Grays Harbor County. Up1ler l\'.liocene. 

195 
Section 25, Township JO North, Range 9 West. Oligocene. Pacific 

County. 
t9G 

Two miles west of Winlock, Lewis County, in bank of a creek in 
Section 20, Township 12 North, Range 2 West. Oligocene. 

197 
'l'hree-fot11'tbs mile north of Point Grenville, Grays Harbor County, 

WasbJngton. U1)11er Miocene. 
199 

Cut in left hand branch or Clement's logging road three-fourths 
mile west o( wagon roacl lnte1·section in SecUon 20, Township J 7 
Nor th, Range 7 West. 

, 200 
Cut ln Northern Paclflc Railway 001.: m ile east of raJJ1·oad bridge 

over Wishkah River at Aberdeen, Grays Harbor County. Upper Mio-
cene. Old locality number 412. 

201 
One and one-half miles north of Point Grenville in cliff's along 

ocean. 
202' 

One and three-fourths miles nortll of Point Grenville in cliffs along 
ocean. 

203 
Five hundred Ceet wesl of railway station at Porte r in cut of 

Northern Pacific Railway. Grays Harbor Count.1·. Former locality 406. 

204 
Cliff aJong shore line in not·thwest quarter, Section 16, 'l'ownship 

22 North. Range 13 West. Uppe1· Miocene. North ol' Ca1le Elizabeth. 

205 
East center portion or Section 9. TownshiJ> 22 North. Range 13 

West. north of Cape 'El lizabeth. Ut>J}er l\llocene. 

206 
Exposure on Germany Creek. Cowlitz County, In Section l2. Town

ship !l North. Range 4 West. Oligocene. 

207 
Cul back of Olympic Foundry, Soulh Sealtle. King County. In a 

bluff along east side of Duwamish Valley. Oligocene. North hair, 
Section 20. Townsh ip 24. North, Range ,i East. 
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, 209 
Bluff in main branch of W!:;hkah River in Section 27. Township 

19 North, Range 9 West. Upper Miocene. 

215 
ln Section 29, Township 17 North. Range 8 West, in cut ou North 

River branch of Chicago, Milwaukee & St. Paul Railway. 

218 
Denny Renton mine Number 2, Second level, !u Section 3, Town

ship 22 North, Range 7 East. In brackish water phase of Eocene at 
Taylor. 

219 
Denny Renton Coal mine Number G, at Taylor, King County, in 

Section 3, Township 22 North, Range 7 l!1ast. In brackish water phase 
of Eocene. 

220 
One-half mile east or Duwamish in :i. small creek at a !Joint where 

a well bas been sunk, in northwest quarter, Section 11, TownshiJ> 23 
North, Range 4 East. Eocene brackish water strata. 

221 
Fossil ledge above Franklin wagon bridge in Green River in Sec

tion 10, Township 21 North, Range 7 East. Brackish water Eocene. 

222 
Cut in No1'tbern Pacific Railway track, one mile south of Duwamish 

Station, King County, in Section 14, Township 23 North, Range 4 East. 
Brackish water Eocene. 

224 
Section 5, Township 18 North, Range 6 West, In logging road cut, 

Chehalis County. Upper ?iiiocene, coarse grained, cross bedded sand
stone. 

226 
One mile u1> Olequa Creek above Winlock in Lewis County. Sec

tion 29, Township 12 North, Range 2 West. Eocene. 

228 
Railroad cuts one mile north of Cathcart Station along Northern 

Pacific Railway. ln Section 31, Township 28 North, Range 9 East. Oil· 
gocene. 

229 
Cuts- aloug road and in Wrnoochee River banks one mile south of 

junction with Bitter Creek in Section 35, Township 18 North, Range 8 
\Vest. Lower Miocene. Collection of August, 1913. Old locality Num
ber 102. 

230 
A cul in the North Rh·er branch of Chicago, Milwaukee & St. Paul 

Railway about two mlles beyond its junction with the 0.-\\T_. R. R. & 
i\. Co. Lower Miocene. Grays Harbor County. Collected July, 1913. 
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231 
Olegua Creek about three-fourths of a mile north of Vader, just 

south .of big bend in creek. A small band of fossils. Ju Section 29. 
Township 11 North, Range 2 West. Marine Eocene. 

232 
West bank and cliff of Cowlitz River, one thousand feet below bend 

and below locality 233, in Section 11 North, Range 2 West. Marine 

Eocene. 

233 
West bank and cliff of Cowlitz River at bend in Section 28, Town

s hip 11 North, Range 2 West. Fossils in au excellent state of preserYa

tion. Marine Eocene. 

234 
A narrow band of strata in Olequa Creek about three-fourths of a 

mile north of Vader just south of big bend in creek. About eight feet 
stratigra1>bically above locality 231. Ill Section 29, Township l l North, 
Range 2 ,,1est. Marine Eocene. 

235 
West bank of the mill pond of the O'Connell Lumber Company up 

Olec1ua Creek one-half mile above depot at ,vinlock in Section 28, 
Township 12 North, Range 2 West. Oligocene. Occurs in residual 
patches. 

236 
Stillwater Creek, Lewis County, 2200 Ceet above its junction with 

Olequa Creek in Section 30, Township 11 North, Range 2 ,vest. 
Eocene. 

237 
Olequa Creek one-fourth mile above Vader Station in east bank of 

creek just north of point where s mall creek enters Olequa Creek from 
the east. In Section 29, Townshit> 11 North, Range 2 ·west. Eocene. 

238 
On Olequa C1·eek three-fourths or a mile north of Vader Station in 

bend just north of anticlinal axis, about fiye hundred feet south or lo
cali ty 231. Section 29, Township 11 Norlb, Range 2 West. Eocene. 

239 
Northeast quarter of Section 25, Towusbip 11 l'\orth, Range 2 West, 

on east s ide of Cowlitz Ri\·er three-fourths of a mile above ferry on 
Mr. Greece·s farm. Oligocene. 

240 
East bank of Olegua Creek about one-third mile below its junction 

with Stillwater Creek and just below Northern Pacific Railroad bridge. 
In Section 32, Township 11 North, Rang<" 2 Vi'est. Eocene. 
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241 
Bank of Stillwater Creek aboul one and one-half miles above j11nc· 

tion with Olequa Creek in Section :10, Township ll North, Range 2 
West. Marine Eocene. 

242 
Between locaUties 233 and 232 in bank of Cowlitz Ri\>er in Sec

tion 28, Township 11 North, Range 2 West. Eocene. 

243 
Coal Creek, Cowlitz County, at the main camp of U1e Tuman Polson 

Logging Company on the north bank of the creek immediately back of 
the Y. M. C. A. shack. Tltere is a 10-foot bank compose() in large part 
of massed and broken shells, in Section 27, TownsbiJ> 9 North, Range 
3 West. Eocene. 

244 
Bank of Coal Creek, Cowlitz County, about one-half mile below 

Inman Polson Company's store. Oysters. Sectiou 11, Townshi1> S 
North, Range 3 West, near center or section. Eocene. 

245 
Bank of Coal Creek, Cowlitz County, about one-foitrth mile down 

stream from Inman Polson Company·s store. An oyster bed about 
twelve inches thick. In northeast corner of Section 11, 'l'ownsl1i1> 8 
Xorth, Range 3 West. Eocene. 

246 
East bank of Coal Creek about one.fourth mile below school house 

in a small sandy ledge at foot of clifl'. In Section 35, Township 9 
1'rorth, Range 3 1\'est, near center of section. Eocene. 

247 
Coal Creek, Cowlitz County, about one ancl one-half miles below 

Inman Polson Compan~'·s store at the old dam in the extreme south· 
west quarter of Section 11 , Township S North, Range 3 West. Eocene. 

248 
Coal Creek, Cowlitz County, about one and one-rourth miles down 

stream below Inman Polson Logging Company's store on the east bank 
in U1e canyon. In southeast quarter of southeast quarter of Section 10, 
Township 8 North, Range 3 West. 

249 
Coal Creek, Cowlitz County, about one and one-fourth miles down 

stream below Inman Polson Logging Company's store on the west bank 
of the creek in the canyon and opposite locality 248. l\fostly oysters. 
In Section 10, Township 8 North, Range 3 1Vest. Eocene. 

250 
Alockaman Rh·er in Wahkiakum County about one-half mile above 

the forks on the east fork. A small ledge at the water·s edge at the 
foot or a 30-foot cliff. Near boundary line between Sections 25 and 
24, Township 10 North, Range 5 West. Lower ]\[iocene. 
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251 
Alockaman River in ·wahkiakum County near the center o[ the 

southeast quarter of Section 26, Township 10 Xorth, Range 5 \Vest, 011 

the Clinton Olmstead homestead. Oligocene. 

255 
In railroad cut on the O.·W. R. & N. Co. one-fourth mile north of 

Lincoln Creek Station in Section 26, Township 15 North, Range 3 West. 
Oligocene. 

256 
In railroad cut on 0.-W. R. R. & N. Co. one mile north of Lincoln 

Creek Station in Section 27, TownshiJ) 15 North, Range 3 West. OJigo
cene. 

257 
North bank of Columbia River, two hundred feet west of the moutb 

of Sisson Creek in Wahkiakum Count)' i11 Section 6, Township 9 Xorth. 
Range 8 West. Oligocene. 

258 
One-half mile west of Twin Postoftlce. Clallam County, in sea clif'C 

in Section 27, Township 31 North. Range 10 West. Oligocene. 

259 
Two miles west of Gettysburg, Clallam County, in sea cliff in 

northwest quarter, Section 29, Township 31 1\'orth, Range 9 West. Oli· 
gocene. 

261 
Cliff on north shore of Columbia River about one-half mile east of 

Knapplon, Pacific County. Fossils occur in nodules. fn Section 9, 
Township 9 North, Range 9 West. Oligocene. 

262 
One and one-eighth miles west of Lincoln Creek Station lo bluff 

along 0.-W. R. R. & N. Co. in Lewis Countr. [n Section 26. Township 
14 North, Range 3 West. Oligocene. 

263 
Bluffs along bend in Cowliti River in Section 28, Township 11 

North, Range 2 West. Marine upper Eocene. 

264 
Bluff on south s.ide of Bear River, Pacific County, on line between 

Sections 20 and 21, Township 10 North, Range 10 West. Oligocene. 

265 
Biltff on east sicle of Shoalwater Bay, Pacific County In Section 29, 

Townshjp 11 North, Range 10 West. Oligocene. 

267 
East shore of Port Discovery Bay in Jefferson County in Section 5, 

TownshlJ> 29 North, Range 1 West. Oligocene. 
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268 
South shore Strait of Juan de l~uca in Clallam County, about three 

miles wesl of Piller Point, in Section 32, Township 31 North, Range 12 
\Yest. Lower Miocene. 

269 
Shore of $trail of Juan de Fuca In Clallam County one mile and 

a half west of tbe coal mine in Section 23, Township 32 North, Range 
12 West. Lower Miocene. 

270 
Cliff south shore of Strait or Juan de Fuca in Clallam County In 

Section 21. Township 32 North, Range 12 West. Lowe!' Miocene. 

271 
Cliff south shore or Strait of Juan de Fuca in Clallam County in 

Section 22, Township 31 Korth, Range 9 West, about one thousand 
feet west of locality 258. Lower nl iocene. 

272 
Cliff south shore or Strait oC Juan de Fuca In Clallam County in 

Section 19, Township 31 Korth, Range 9 West. About one mile west 
of locality 259. Lower Miocene. 

273 
Cliff south shore or Strait of Juan de Fuca. in Clallam County. in 

Section 24, Townshlp 31 :'\orU1, Range 10 West, about one-half mlle 
east of east fork of Twin River and just east of rocky bluff. Lower 
Miocene. 

274 
Cliff south shore of Strait of Juan de Fuca in Clallam County In 

Section 21, Township 31 North, Range 10 ·west. Lower Miocene. 

276 
Old Washington Geological Survey collection of 1902 from Cowlitz 

County, in Section 11, Townshlp 9 North, Range 2 V.'est. Eocene. 
Former locality 3. 

277 
Old Washington Geological Sunrey collection of 1902 from Cowlilz 

County in Section 25, Townshi11 9 North, Range 2 West. The Pecten 
locality east of Castle Rock. Eocene. Former locality 2. 

278 
Old Washington Geological Survey collection of 1902 from Cowlitz 

County in Section 13. Townshi11 9 Xorth, Range 2 West. Eocene. For· 
mer locality 4. 

279 
Old Washington Geological Sun-ey collection of 1902 from Cowlitz 

County on Arkansas Creek. three miles west of Castle Rock. Eocene. 
Former locality 5. Pectens are common. 
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280 
Old Washington Geological Survey collection of 1902. From Lewis 

County in Chehalis bill one-fourth mile southeast or hotel. Eocene. 
Former locality 6. 

281 
Old Washington Geological Survey collection of 1902 iu Lewis 

County on Olequa Creek, one mile up creek from \Vinlock. Former 
locality 7. 

282 

Old Washington Geological Survey coJle?tion of 1902 in Cowlitz 
County twelve miles west of Kelso. Eocene. Former locality 8. 

283 
Old ·washington Geological Survey collection o[ 1902 in Cowlitz 

County twelve miles west of Kelso. Eocene. Former locality 9. 

28:i 
One mile west of Oakville, Grays Harbor County, in Section J9, 

Towt1ship 16 North, Range 4 West. Oligocene. 

288 
From falls on Scantogrese Creek near Castle Rock in S. E. quarter, 

Section 18, Township 9 North, Range 2 West. Eocene. 

289 
Near an old coal J)l'OS!lect in Section 31, Township 10 North, Range 

2 West. Eocene. 
290 

Near Pecten locality in Section 24, Township 9 North, Range 2 
West. Eocene. 

2!)1 

Near Winlock, L ewis County, in Section 28, on Olequa Creek in 
bluff near junction of west bran.cb or Olequa Creek west from mlllpond. 
Oligocene. 

292 
West branch of Olequa Creek one-half mile above junction of main 

creek. Oligocene. 
293 

No1·th end of big slide on N. P. Railway cut one-half mile north of 
Tenino in Thurston County in Section 17, Township 16 North, Range 
1 West. Oligocene. 

294 
:McC!arity ranch on south bank or Stillwater Creek one mile west 

of Vader in Section 30, Township 11 ~ortb, Range 2 West. Eocene. 

295 
One and one-half miles north of Vader in Lewis County in bed oC 

Olequa Creek at milepost 73 on Northern Pacific Railway in Section 
20, Township 11 Nortl1, Range 2 West. Eocene. 
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296 
On Booth Ranch two and one-quarter miles up Stillwater Creek 

from junction with Olequa Creek In Section 24, Township 11 North, 
Range 3 West. Eocene. 

297 
On Olegua Creek one-eighth mile north or railway station at Vader 

in Section 29, Township 11 North, Range 2 West. Eocene. 

298 
Three-rourths mile west or Vader on Stillwater Creek in Section 

30, Township 11 Korth, Range 2 West. Eocene. 

299 
Rock bluff in N. P. Railway cnt 2850 feet south of mile post 76 

and three-fourths mile north of Olequa. J"ailway station in Section 4, 
Township 10 North, Range 2 West. Eocene. 

300 
Banks of Olequa Creek at the old Cantwell place north of Vader 

in Section 20, Township 11 N'ortb, Range 2 '\\'est. Eocene. 

304 
The west end of rock island west of Point Glover quarry near en

trance to Bremerton Inlet In Section 8, Township 24 North, Range 2 
East. Oligocene. 

305 
Al Bean Point south end of Bainbridge Island in Section 14, Town

ship 24 North, Range 2 East. l\liddle Oligocene . 

• 
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