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~ INTRODUCTION

In the preparstion of this thesis, it has been the
object of the authors to draw their materisl as much as
possible from original field work and from original statis-
tical compiiations. It has been found impossible, howevefj
to truly 1imit the phases treated to this scuree. The
geology of western Iashingtén, iike any”scieﬂce, has grown,
Bach investlgator since the time when J. D. Dana made the
first meager observations on the region, down to the present
time has added = little to the growing mass of coneceptions
until a2 fairly connected history has been worked out.

It is manifestly impossible to attempt a work of this
nature without due consideration for the inveluable histori-
‘¢sl badkground which hes already besn established. It has
been found in thie work that many geologic conceptions have
developed which, as time has gons on, have been suffieliently
proven to be generally accepted as facts. It has béan found
impractical, if not altogetner impossible in many cases to
give due credit to the true originator of each and every idea
expressed in the text. furthermore it would be hard to esti-
mate exactly how many of the views expressed in the present
trestise as more or less original conclusions have been in-

fluenced by whst has already been written on the subjeet,




& list of the references Igich were studied in the
preparation of this thesis is given in the bibliography,
but attention is here called to the works of Dr. Weaver
which are summed up, in so far as they apply to the general
geology, in Bulletin 13 of the Washington Geologiecal Survey,
entitled "The Tertiary Formations of Weaﬁarn Washington.’

We have used this bulletin constantly =s a guide in making :
cur field observations. Much of our work is necessarily a
repetition of material contained in this report. 1In only a
few cases have our COﬁclusions,differadvfrom those expressed
by Ir. Weaver, and in these cases it may be that he_héa been
in possession of facts which we have overlooked.

No attempt has besn made to go into detail on the fauna
of the Tertiary formations. Such would be merely an un-
necessary repstition of the work of Dr., Weaver. Similarly
glaciation has been referred to only in a supsrficlal way.
The detalls of the glacial history of the Puget Sound ragidn
can be found in the articles of Bretz and Willis referred to
in the texi.

In the preparatioﬁ of the eeonomic and strﬁctural maps,
the precedent set by Dr. Weaver has bsesn followed, and the
Tertiary formations have besn mapped as they are believed to
occur even though covered by an unknown thickness of glacial
drift. 1In one place, however, southwest of Seattle, bedrock
lies so deep that the formatioms can not be reconstructed with
any degree of probability. This area has therefore been mapped

88 Pleistocene.



The strikee and dips appeafiﬂg oi the struetural maps
are all from original traverses with the exception of those
shown at Alki =nd Restoration points, these being copled di-
rectly from Weaver. |

‘The authors are indebted to Mr. Nat Moore and Chief
Engineer Ray Smith of the Pacific Coast Coal Company for
their generous cooperation and use of the mine maps and ori-
ginal data of the Newcastle and Issaquah mines; to Mr.
Lawrence Harris of the Harris-Richmond Coal Company of Issa-
quah, for mine mape and data of the Superior and Grand ‘
Ridge mines; to Mr, Jack Danielson of Renton for the uss of
mine maps of the May Crsek mine; to Me. C. F, Lawson of
Seattle for the use of logs of deep wells in the guadrangle;
to Dr., Ralph W. Chaney for the exeamination and comments on
& new flora; and to Mr. R. B, Stewart who has very kindly
turned over to us his notes representing several years of

detailed study on the area around Duwamish.
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commonly excesd one inch in dism mpter They are in &ll cases

well rounded except as alresdy described. The original rocks
fron which the conglomerate pebbles were derived were chiefly
e fine greinsd dense basalt and a greenstone which shows a

high pesrcentsge of pyrite. These are the same rocks whieh

occur s8¢ plentifully as fregments in the ssandstconss., Other
types occurring are veslcular basalt, vesiculer sndesite,

shele, serdstons, end soms qusrtzite. Pluteonie igneocus

rocks are practlcally unrepresented.

3
w3

1e Blskeley formsticn 1s well reprssented in a fossil
melluscan merine fauns, eround 200 speciés being known. BEast
of Leke Tashingteon the specles occurring im the sasndatones
are nsarly all pelecypods. In the other regions, however,
gastsropeds, and scaphapods are well represented. The
Blakeley formetion is the stratigraphic horizon of the Acila

gettysburgensis zone.

Geologlc Conditions During the Oligocene

During the greeter part of the Lower and ¥iddle Cligo-
cene, the region included in the Snohomién quedrengle was
ebove wster. Possibly at one timse during this interval, but
more probably at the beginning of the Upper Oligocene, the
region around Cathcert wes ths site for =z short time of &
fresh weter lake or of a brackish water sstuary of the sea.
The region to the south, however, remainsd sbove water wuntil
the maln transgression in the Uppsr Cligocene of the Blakeley

ssa ovsr the whols region.



o1

Ho basel Blakeley conglomergte wes developed within the
Spohomish quadrengle (unless the dne &t Cathecert 1s pertly
of Blakeley ege), bdt west, of heve, &t Orcherd Toint, Kiteap
County, & conglomerate wes formed interbedded with coarse
sendstones, which is in the nasture of & basal conglomerate.
Ir the Columbie City-CGeorgetown region, sandstones were the
first sediments laid down,while east of Lake Weshington sedi-
mentetion begen with shele. Apparently the early Blakeley
see- deepened from west to east. Not long after ths beginning
of the Blakeley period, however, the muds which had been
gettling in the region to the east gave way to sands; and
these remained the dominent sediments till the end of the
period.

Sands prevailed in the Columbie-Ceorgetown region till
about 4,000 feet of sediments had been laid down on ths floor
¢f the sea, when the.waters wers deepened sbruptly, ani muds
were lald down on the sands. The sequence of events in the
Catncart region was similar to that at Columbie. The issto-
ration Polnt aree apperently remained the closest to shore
throughout the whole period, sinece conglomerstes play & cofi=
8plcuous pert in ite litholegy.

The configurstion of the ersa occuplied by the present
Caseade Méunt&ins had not changed much in Oligocene times
from whet 1t wes during the Hocene.

Ho diestrophlc movements of any kind took place at the

close of the Oligocens, and sedimentatlion pessed unintsruptedly




i

from Oligecene iato Lower Mioceng.

Climate
The elimete of the Loewer Cligocene was subtroplesl,
but éy;tae time of the Upper Oligocens, the change toward
& cooler climete hsd be?un, which finslly culminated 1n ths

glaciation of the Pleistocens.
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(1) See T. E. Yeaver: The °
ern Yasghington, 3&11.13,

At the cleose of the Uligogene the western »nortion of the

the larger portion of the merine embaymenis. Small salt

water bodiss vemalned in Pecifis and Yabkiskun counties nmorih

¢f the Cclumbia river, ai gion,
The Puget Sound bhasin snd sleo & large portion of the Jusn de

Tuce dowanfold appears to have been entirely above ses level.
These conditicns continued slge during the time intervsl of
the lower licecene.

The peripd beltween the lower znd upper Hiogene wss one

of intense deformational movements sccompsnied by widespresd

£

gmall ghsellow embayments were formed, one in (lallsm county

%

hege conditions still prevailed.

ITnring Pliccens time ©

The vpresent site of the Csscadies was subjected to vigorous

*
]

erosion and & peneplain surface esteblished. This plane as-
sumed & cherscter of & gently rolling lowland with s few re-

2

skant hi the T fa8e left 28 srogionsl
gisfant hilles iz the northern sdes left 23 sresignsl
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petsd

é

remnents sbove the genersl level. Isclated remnanis of the

ol
[
Jusit
€
]
o
&‘f
o
o
o
e

Pliocene peneplain heve been recognized si
localiities both on the esastern ss well as the wesltern side
of the Cascede Range,

AT the clese of the Plicecene or early in the Quaternary
the 014 peneplain was subjected %o a series of differential

uplifts which resulted in the elevation of the yresent Cas~-

Tornie, A4Ae & result of this movement & series of northwest-

o & « B 2%, " oy 53 s £ S S - W =
sounthesst shallow folds wase 4 upon the zire Tolded

strueture of the pereplain surfsce. These folds greatly ino-~

4 Tew of the lsrpger conseguent stresme of the peneplain

%

quent drainage of the differen-

4, the selective resisls

ignecus snd metamorphic rocks.

Drainege in the Puget Sownd trough seems to have been
o Ll

Q,%

cverned prisarily by the vuneven cheracier of the lusternary

plift. We find the Leke Sommemish

well defined synoclinsl =xis: the
Puget Scund in their respective sags meross the axis of the
Heweastle Anticline:; the Duwsmish Biver slso following &
mimﬁr syoelinsl axis.

Uplifts alomg the sntielinal sxis resulied in the
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60

N east side of Lake Yashington, 200
fest,
10, Capt. Johnson, Medina, 126 feet,

Imkilteo, 186 feet,

Bell strzet dock, Seatlile, 732 feet.

initiation of the Glseisl Period 2 definite drain-

azge patiern had been esisblished with prominent morth-sonth
Talleys in the Puget Zound trough s well a3 conseguent ssst-
west velleys from the Cszceade llovntains and subseguent drain-

I3

nee on the 1imbs of the nmajor snticlines.
i

Post Fliocene or Early Pleistocene Dikes and Flows
at Duwamish
On the ezst end of the ﬁa”t&ﬂrnﬁ@ﬁ? vedroeck hill lying
weet of the reilreoed track at Duwamish, 2 basslt is exposed

in one or two spote whieh i= eppesrently unconformable with the

It is found omly en the top of the hill over

g dismeter of sbout three hundred feet, =znd does not show in
the outerops along the sides. Petrogrsphieslly it is 2 black,
decidedly vesicular, very fine-grained basalt with smell lath-

shaped phenoerysis of plagioeclsse =nd a 1ittle hypersthene en-

closed in sn oOpague glsesy ground mess.

very pale, greding towerd enctatite,

Two baseltic dikes, probably to be

exposure, st lesst in time, occur in an
the ssst which
railrosd track. One of the dikes, five

The hypersthene is

correlasted with this

old rock gusrry on
liee esst of the

asd one-half feet in




width, is very siniler iz thin section to the rock described
shove; the other vhich is somevwhat wider, iz & very dense

black felsitic roek, znd contains, in 244ition to the ortho-
rhombic pyroxene, scme sugite.

o

b

In sédition to the dikes, the thin bessl remsinse of =

i)

flow sre suposed in seciion Ior aboul

slong the top of the guarry. It is the same petrogrephicslly
as the vesiculsr dike, with which it is closzely sssceciatled.

A1l these rock bodien are evidenitly very closgely re-

lated Lo the present topogrspby. They were formed, however,

jul

2t a time when all the ground zurlace

-

therefore sre pnrior to the present Duwamizh valle;

woint, which formed s, The

P

time of eruption is therefore set between fairly close limits

between the and the be-

by

ginning o
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GLACTATION

“laciation of Pugel Sound Regiom, Bull.8,

o

GeUe: Tamooma Follo, U.S.0«3.
To.54.

known advance
of the ice, designated sz the Admiraslly Zpoeh, followed the

01d drainege lines established in the pre-glaseisl topogreaphy.

iralty Epoch the ice reirssted leaving

wake., Juriang this period the re-

gloa was being eievated to 1000 feet or more shove presen
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grogicn, This vericd hsg been terumed the ruysilunp Intergla-

Ci%}, wg‘% JZG

vanced in the Puget Sound trough. As this later ice, whicl
is mowm as the Vazhon lee, retrested northward 2 grest pond
of water formed between the terminel moraine in the Zlsck

gills to the south sad the movisg ice wall. Streans from the

P 5 B g - IV wrrmen 2 pe Tyt o Loy E LW we o S I
Casesdes and the Olympis Jountains ballt up grest deltbes

%Wx

= o %, S5 B B
slong “he merzia of This

isrge lake Later, reltrest of the
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ECOHOMIC RESOURCES

Coal

The brackish wabter sediments of {he Zocene or Paget
|
|

Group overlying the Tiger lpuntaln Andesite ou the Ilaaks of

@

eline contain 2 series of coal seams, st

the Hewsasile

least ten of which have been exploited. <Coal mines within

2

the Snohomish gusdrsagle sre, with the excentioan of one smzll
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operation, all located on the morth limb of the aantieline.
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wperior. The lonme mine of the south limb ls the

X

sections 2B, 26, and 27, T.B4 I, R.L. B, sboult two o five

5y

miles east of Laks
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1. The Old leweasivle
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“Yhe 014 Cosl Creek line,
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H. The Present {osl Greek, Present lewessils, or
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The Iesagush mines are locgsled about & gusrver
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ctions 32 end 33, T.24 H., Re

6 B, The Gran HMneg sre loested north of the Sunset

Highway & mile and

2% snd 26, T.24 H., 2.

Fre

Lae

mining distriets ne north limb of the Hewesstls Anticline.
However, individusl seams have not deen satisfecterily cor-

related in The moet

znd Issa~

cush (see Plstes I and II).
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v indeseite st Hewezetle snd one hundred snd fifty
me fTormetion st Issegush. The se=m has a
X W

totsl thickness of about ten feet, with eight and

of worksble cesl st Issagueh, and is sbout eight and 2 helf

gastle workings. In the latter district the upper half of the
seam is composed of so much soft shale, bony coal snd clay

thet it is not 2%t present considered of commerelisl grade.

Above the Jones geom at Jeweastle snd sepesrated by one

snd ghale;

sl 4e o

‘hundred ané

gstonee lles seam containing sbout twe feet of ecoal

ealled the Dolly Verden. This seam has not been worked st



either lewcastle or Isssgush but

at the smsll Superior nmine.

About fifty feet sbove the Dolly Varden st Newscastle is
a twenty foot bed of inpure cosl and bone eslled Nagiine sesm.
Hinety feet =zbove the Hegtime is the Shoo Fly, & seventeen
foot bed of bone and shale countsining 5 1t three feet of cosl,.
These two seszms sre so impure that they csnnot be worked under
present condilions.

The mldoon seam, the lowest bed of gosl that hes %a@ﬂ
extengively mined at both Iewecastle and Isseguah, lieg sbout
sizty feet sbove the Shoo Fly. This seam hss g totsl thick-
ness of from six to fourteen feet in the lieweastle disiriet
but thins eastwerd becoming but three end & half feetl thigk
et Issagueh. The intervening beds of sandsiones and shales
bvetween the uldoon =nd the omes aslso thin sppreciably to the
east, the interwval at the 014 Cosl Creek mine being three hun-

sl

dred snd ninety feet, at 1

“

he Yresent Ceal Cresk mine, three
huandred and twenty feet, and, al Issagush, but Ttwo hundred and
ninety~-five feet.

Pifty feet sbove the imldoon at both Hewesslle and Issa-
gush is the llay Creek, & five fool seam of good cosl contzin-

L]

but &ix to nine inches of clay and shale impurilties. At

oo
ks
"

he 01d Cosl Ureek mine the interval bebweesn the Two sesons

24
B

[

is sbout sixzxly feet snd the sy Creek increases o six Test

in thickness, Sixty feet gbove the lay Creek at the 0ld Coal
Creek mine is the Bagley, & thick seam varying from seventeen

to twenty~five feet in thickness with a perting of bone and



&7
shale which thickens essiward to.fif feet 2%t the Present
Ceoal Creek mine and ot Issaguab. The upper seam or "split”
is de%igﬁ%?aﬁ as the Bagley .2, the lower is the Bagle

i el » . z ey Bl
fio«l. The Bagley lo.Z agsain contains a partiang which thiek-

ens sastward snd becomes sbont two

Very 1ittle mining has been dons
the splits in the Hewecastle district due to the noor henging

wall of the loe2 split and the impure grade of the Ho.l seam.
At Issiguah, however, Bagley lc.2 seam has been exitensively
mined in the mew waler level workings.

Between the Bagley seam and the next cosl bed, the 0.8

seam a2t 014 Cesl Creek,is an interval of one hundred snd

giy

«%

cty-Tive feet of sandstones, interbedded shales, snd car-

bonaceous materisl. These beds thicken esstward and at the

Present Coal Creek workings the thickness is two hundred szand
forty feet. Hustward, al Isssough, the intervsl is but on

nantred and ity feet.
Ho. & seanm contains & sandstone parting which thickens

westward to¢ fornm an upver and lower gplit, both of which have

besn worked =1t the old lewesstle mine., Ths

from four snd a half to five feet thiek, while the lowsy
gplit has o thickness of from four to four snd = half feet.
Zastward Ho.3 sesm thins rapidly =nd et Isssgueh is only
five feetl in thickness with butl three feet of minsble cosl.
There mey be some guestion as to tne correlstion of the twe

distriets as there is considersble veristion both in sitruce~

ture snd in enclosing walls,
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thickness computed to be twenty-eight hundred feet which is
sbout twelve hundred feet less than the thickness at Jewcas-
tle where the upper contact hes again been itrsced {within at

-

lesst & very few hundred Teet). About 2 mile northwest of
o

sezme which are apperently nesr the top of the series and may
be the eguivslent of the upper seame atl Hewecastle.

2%t the lay Creek mine the zeams csnnot be definitely cor-
related with the Hewcestle-lssagush series. The lowest geam

worked is sbout ten feet thick. From this bed upward the

stretigraphiec succession is as follows:

thale 55 feset
Coal and bons 6 feel

Shale 35 feetl
Cosl and bone 17 feet

“hite noss. szndstone 107 feset

oy

]
L]
@
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e

Gray shale

Gray sandstone
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Gray shsale

Carbonaceons ghale snd 5

1ittls coal 1 {foot
Thite nassive sendstone 114 feet

e AR Sy [ R E e n
Gonditione of Deposition

Duaring the pericd in which the sediments of the

group were being deposited, a gresabter part of the Pugel Sound

trough was occupled by breed, flst delias of large rivers



70
which Tlowed secross the present site of the Caseades from far
to the eastward. The cozetline at the time was gently sub-

siding snd massive ewswmps ferming upon the delies. AT times

)

the rate of subsidence wss sbout egual to the rave of vegetal

b

growth snd thick beds of carbonseeous naterial resulied which
were nrotected from oxidestion by the fresh or brackish water
of the swamp. A%t tizmes the rate of subsidence was too raplid
for the slowe

over the sobm

hove waried

From the were dencsited upon

the surface of the Tiger lounitain Andesite to the time 2%

the Bagley Swemp was formed the region near the (14
Ceal Creek mine seems to have suilfered grester movement dur-
ing periols of subsmidence which resulied in the fermstion of

thiaker intervening beds of mendsiones snd gheles thsn ferther

T Ty oyl 1 4 2 odn o oR B y ) s
sastward. JTuring the deposition of the Bagley swump at 014

For o time snd the eastern extension of the swanp became sub~
merged by sand and mwd. A later halt sllowed the completion

swamp in the sest while vegetstion had contin-

zed to acemmulste in the west., Thus the Two ssstern splils
in the Bagley secam resulited. Uhe center of mexinum subseid-
ence remained at Proeent Cosl Creék until the formation of

the Ho.3 swamp, vhen snother genter evppesred westward in the
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50 tens dsily cepacity. Thres classes of cozl were produced
lump, mut and pes.

Shipmeuntes were made over the Horth Bend branch of the
Horthern Pacific Hailway. The mine wese lsost operated By the

Central Coal Company, ¢f Sealtle.

The superior mine was ¢pened on 2 bed which is probsbly

the Joneg sesm of the Hewcasitle~Issagueh series, L drift

1000 feet lowg was dyriven from the outeroy nesr Tibbells
Creek and preoduciion started im 1910. The nmine wee only
worked for sboutl & year. In 1921 the Dolly Vardien Sesnm was

opensd and a8 waiter level d4rift driven sastward.

wa

A gyetem of breast and pillers is used in this mine.

IR e 3 - o S B o o e 2 Ty 2 3
dine run cosl is screened and the larger sizes shipped to

neighboring towne by sato truck.

The Suverior mine

in g
o3
i
oy
5]
o
e
C’D
ﬁ?
i
o]
s
iy
ot
o3
s
7]
]
4
]
]
@
ot
b
&
]
%
4

e o 3 o, ] £ :
by the cmpeny, of Issaguah.

southward 1100 feet beneath the valley of sy Cresk but npon
encountering sand, gravel, snd waler the mine wass abandoned.
In 1923 & new elope was sunk 280 feet esst of the old work-

ings to & depth of 200 fset,

2 o W e
zide of Ths

slope encounitered faults which caused the zsam to "pinch out.”



The bedding is so contorted in the slope that it was necessa-

vy to turn from side to side in order to msintain =n even

grade of 32° down the seam. The operstors sre contemplating

i3

ancther slope to the eastward,

3

The mine is operated by the llay Velley Land Compsay, of

i

Sestitle.

eneral Chorscter of Cosl

E

The ¢oals of the Enchomish Jusdravgle are guite uniform

in chsrseter, 2ll being of = sub-bituminome or ligmitic bi-
tuminous nature. OSome of the sesme heave a well developsd
cubicel fraecture but 2 conchoidal frseture is more common,

#

iioet of the cosle lose comeiderable moisture usen air drying

and are subject tc sponlaneous combustion caused by the repid
o & & P

o
2
fede
e
£
g
fite
o
i
]

L pyrite and msrcasite,
The cosls sre very suitable for ordinsry house range us

a8 they kindle readlly snd produce 2 guick fire. Ae o furnsce

“b

wel, however, they are not ag satisfsctory as some of the

higher grede bituninous coals
In the different coal Tields of the gusdrangle the mols-
ture content of the cosl varies from 4.9% te 10.7% for air
dried seamples. The volatile mstiter rsnges from 30.1% te 41.9%

The ash in the

and the fized earbon from 33.6% to B0.6

&
&

seams counsidered worksble under present conditions wvaries from

6,387 to 187,




Cosl Analyses

by the Un
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the cosl division of the Vashinsion CGeologicel Survey during
the years 19%09~1910.
“he snslyses given are those on a2n sir dried basis, and

by edding the perceniage {which is given

in the table] to the per« civen, the mois~

ture of the originasl coal can be dstermined within one per
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Jonnsge. Jalue
(1.tons)

Atlentic Sesbosrd 11,378 193,366

Sritish Columbia 122,170 918,270
Orient 800 6,526

Gulf Ports 1,000 18,000
Total 135,348 £1,138,162

Galifornis oil has been & contending fsctor on the loesl
fuel markets For many years. 4 tom of coal with 2 hesl value
of 10,000 B.T.U. per pousnd aboul egusls 4 barrels ol fmwel oll
of «B50 Be.gravity. Thus oil et one dollar & barrel compares

with eoel at four dollsrs a short tom. There is keeun compe~

tition between Ffuel o0il snd powdersd cosl, many hesting plants

e

being equipped with both o0lil snd powdered cozl burning installse~

ione in order to teke sdvantsge of price fluctustiouns,
BEleetricity is rapidly bvecoming & strong compebitor, both
in the home snd in the indusiries. Iany modern spsriment

houses snd residences are being eguipped with elesciric raunges

it

being electrified, thus

B
Fi
9]
o
™
o
B
iy
:‘;}3
g}
e
o
&
(o1
L]

W

B,
fok
{n?
o
o
£
o
%ﬁ)
i

A totsl production of sbout 9,100,000 short toms of coal

has been reporisd from the neg of the Suchomish guadrangie
ince 1888. From the time of the earliest mining in 1862
until 1888 the totel coal mined cen be estimated at aboutl

00,000 short tons. Thus the total tonnage mined, up %o
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The reserve supply of gosl in the verious aistricts is

menifently sr elas

o

sti
and mining conditicome. As prices ineresse it will, of

le guantity dependent upon current prices

gourse,

be possible for operators to sfford grealter cosis of nining.
Consequently, seams thal zre mot considered workable under

present conditions can be mined, while depths sg gresat
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D8l aren Seans tiizﬁ

the north limbd of the Heweastle inticline %0 the depth

deepest slope at Izsagush (550 feect below sea levell, the

3,

knowvn coal in the proven distriets would be enough to

nort & rate of mining egusl to the rate of the maximum

gup-

yearly

productions of all the mizmes for a2 pericd of over 200 years.

Tae following figures mey be teken as an approxzimatle,

=

however, 5 conservative estinmate of the cosl ressrves in
¥

sresent known seams:
Length of cosl mesmsures from 014 Hewecastle

to eastern edge of guadrangle {2long stirike)

Average Lo thickuess of coal gesms

{;;;'%

Lverage elevation 650 ft. sbove ses level

Depth 550 ft., below ses level 1,200

Totel average 1ift 1,200

Averaze 4ip

o4 =

Sleope distsnce 2,0

%

the

it.
e
28°

92 ft.
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FI1G.l.
Columnar Structure in Andesite
near
Summit of Devil's Iit.,
Cathcart, Wash. '




FIG.2.
Arrangement of Columns in Andesite
Devil's Mountain, Wash.

FIG.3.
Erosional Remnant on Devil's It.
(Looking north)
The outcrop at which FIG.2. was
taken is at the summit of this
knoll.
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