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The area ewbrasing the upper Iscicle Oresk and Decepbion Creek drain-
ages in eentral Washington includes coourrences of the Chiwaukum schist,
peridotite, Yount Stuart granodiorite, Swauk formation, and Keeshelus vel-
ganics.

The oldest formation in the avea is the Chiwsulunm schist. Hext

oldest is & mase of peridotite found in the scuthwest corner of the map asrea.
The Hount Stuart granodiorite is intrusive into both the peridotite and sehist
in this area. The Tye Seda grenite could not be distinguished from the Vount
Stuart granodiorite, The youngest formations ave the Swank sedimente and
Keechelus voleanics, which avre in fault contast with the older schist, peri- -
detite, and grancdiorite te the easﬁg' Complex relations such as interbedding
indicate that the westward dipping Swauk sedimente and Zeschslus voleanies

in this ares may be closely related in age.

A large fault with & wminimunm of seven thousand feet of throw was

found to separate the Yount Stuart granodiorite and peridotite on the east

gide from the sediments and volcanics on the west. The faull is heve named

the Decepbion Pass fault.




GEOLOCY OF THE DECEPTION PASS AREA,

CHELAN, KING AND EITTITAS COUNTIES, CASHINGTON

IvtRopuCTION

During the sumser of 1953 the writer made an investipgation of the
geology of parts of Uhelan, King and Kitbitas Counbties in the Gassade Youne
taing of Western Washington. The sres was selsched besause of its eritdesl
location with regard %o the extent and structure of Cascade rooks. The
problem of the eontact of the western border of the Mount Stuart grancdio-
rite with younger voleanies and sediments required the study of this pre-

viously unmapped portion of the Gascade erest.

A total of twenty-four days was spent in the field during fugust and

September, 1953, Yest of the work was done by making continuous traversss
along the ridges and frails. A general Field map was cowpiled, and about
one hundred and fifiy vepresentative rock samples were colleetad for lshora-
tory study.




Geographic Setbing

The thesis area includes abeut one hundred sguave miles sleng the
crest of the Cascade Yountains of Wesbern Washington. The junction of King,
Fittitas and Chelan Counties lies near the center of the region. The nore
thern portion of the map aves is accessible from the Stevens Pass highway,
. 8. Route 2, and is about one hundred rosd miles from Seattle and ten
miles east of Skykomish. The southern part of the asrea can bsst be reached
from the Cle Elum River road, thirty miles north of Gle Elum on the Snogquale
mie Page highway, U. 8, Roube 10. From the west, access is made by the
Icicle Gresk road, twelve miles west of Leavenworth. The central part of

the aves i scceszible ond

y by Habional Porest trails,

Deseption Oreek, Burprise Creek and Foss River form the drainage
west of the Cascade crest. They flow inte the South Fork of the Skykemish
River, along the Stevens Pass higm?‘; and a@ms.m% & portion of the Puget
Sound drainage area. ITecicle Orsek with i%s %i?& tributaries, French Creelk,
dJack Uresk and Leland Oreek, flow

2 eastward %e join the Wenatchee River in
the Columbia River Basin. The drainage to the sonth is to the Golumbia by
way of ﬁmy Cle Blum and Yakime Rivers. ?éumrmz@ pieturesque lakes such an
fquare, Varmol, Wlonatus, Hyas and Ieland X@%@g oscur in the ares,

The area’s highest elevation is %%5%‘2 Daniel, 7,986 feet. The lLow-
est elevation, 1,500 feet, is in the northwest on the Bouth Fork of the
Skykemish River.

Precipitation is typical of the Caseades, ranging up to 60 or 70
inches along the range crest. Variation in precipitation is markedly
reflected by the vegetation. The thick, mossy foreste of hemlock, fir and




cedar on the west side of the (Cascads crest are replaced by open forests of

Pondaroan pine und even sapebrush o fow wiles to the cast of the oresb.

The main esonomie value of the reglon lies in the recveational faci-
lities of the untouched wilderness. Tlusbering is the principal industey in
gome of the adjascent valleys, but the thesis area has never been logpped off
except very locally along the marginal roads. Dser; bear, mountain goabt and

other animals are a valuable asset and atiraction to hunters and trappers.

Geologic Setting

The Gaseade Yountains of the West Coast can be divided into the
Horthern Cascades, the Central Cascades and various southern units. The
Jentral Usscades consist of a complex series of massive voloanis rocks, such
as Keechelus andesite~basalt series, and the high Cascade volcances. The
Horthern Cascades consist of older pre-Tertisry metamorphic and intrusive
rocks. The ares under consideration lies at the contact of these msjor
g&%l&giﬁ&l rock provinces and insludes vocks of both types.

The region oseupies an important positicn in repard to physiopgraphic

concepts in the Cascades. Tesides occupying the crest of the broad, over-
a1l north-south Cascade uplifh, it cocuples & pesition near the axis of the
noerthwest-southeast %T*é%mmhée uplift, which inbersests the Oascade uplift.
In connsetien with the Wenatches uplifi, it should be mentioned that the
major northesouth Cascade uplift is superimposed on the secondary Cascade
structures which seem to trend northwest-scutheast. Wuch of the sres was
govered by Alpine glacistion during the Pleistocens epoch.




Provious York

The Uascade YVeounbaing in Vashingbon are ene of the lessh known aress
in the Unibted States. During the latbter part of the ninetesnth century the
fentral Casgeades were the scene of much prospecting, as was the Western
Cordillera in general. UYany areas, including the area under consideration,
were far more densely populated then than mow. In the late 1890's Israel
G. Russell made a geological reconnaissance in Horthern and Central Vashing-
ton. He first deseribe

d most of the major unite in the vicinity of Yount
S%uart,; such as the Yount Stuart gransdiorite, the Swauk sandstone and the
mbis River basalt.

Oeorge Otis Smith, Beiley Willds, F. C. Calkins and others were
sent out by the U, 8. Geological Survey. Their work resulted in the publica-
tion of the Snoqualmie, Wount Stuart and Ellensbuvg geologic folios and the
publication of several papers. Congidering the pﬁé‘i&l%ﬁ inveived, this early
work seems to be of ewcellent quelity and gives the lithologic and phveiow

graphic background for undersbtanding the geology of the reglon.

Afber the early survey work, wery little was done. In 1912 Chavles
Weaver pablished on the Index ¥Wining district, and in 1918 Varren Smith wrote
on the Skykomigh Basine. These papers deal prinarily with economic deposits.
In recent years the staff and students of the University of Washington have
completed seattered studies in the svea. Of special mention is the work of
Keith Ules to the norith of the worked aves and the work of summer school

figld parties to the northeast. This work is unpublished.
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NOTES ON TOPOORA

Thile the primary intent in thisz thesis is an understanding of the
bedrock relationships, certain physiopgraphiec factors cannot be overloaked,
The investipation covers too small an sveas to work cut the vhysiocgraphie
histoty of the region ibtself, but previeus work and ideas can be applied
o this limibted avea.

Stage of Regional Erosion

The most striking aspect of the mountains is the sharpness of their

relief. BStreams have cut narvow, V-shaped canyens through which they roar

and tumble. In many plaeces bedrock is exvosed in the stream bed. The

streams carry a heterogencous assortment of boulders and gravel derived from

sbundant talus and glacial debris, all indicating a youthful stage of topo-

graphie develonment.

Upland Surfaces

One of the most interesting aspests of Cascade physicgraphy is the
question of upland surfaces., I. C. Hussell in 1898 Pirst drew atbtenticn %o
this problem. [ recopnized, in the concordance of summit levels in the
Usscades, an erosional surface which he termed the (sseade peneplane.
Balley Willis alse recognised in the concordance of summit levels a surface
which he ¢

ermed the Yethow surface. He also recognised s younger surface

which he ealled the BEntiat surface. Three other srosion stages were




resogniged by Bailey Willis, the Twisp Canyvon stage,

Chelen glasial &

and Stuart glagial stage. the writer’s opinlon, seme of Willie' five

erosional sbages from the Chelan-Yethow region san be sorrelsbed with

chgerved erosional stages immadiately east of the theels sves,

An attenpt was made to veosopnize the Enbtist surfase in the thesis

ares., This surface is very evident east of the Cascade evest along the
Wenatches River. Here it 48 & rolling surface of considsrable velief that
bresis off abruptly ints the precipitous canyons of the Twisp stage., Fronm
& height on the Caseade crest jJust south of Btevens Pass, one can look
ensbward over the Entisd surface asbeve the Uenatches Hiver and sbove Toicle

Ureek. This upland surface, with its relling topouraphy, can be seen to

extend westward to the Cascade crest in the vieinidty of Stevens Pass. Here
it merges into the rugped ridses wesb of the ervest and is lost. The surface

is well seen around Lake Josephen and can be recognimed in the bread, roll-

ing topopraphy along Trappers Ridee.

Jaliey giﬁ%%@?ﬁ have modifisd the Wy the Twisp vailey
gtage and the Enbiat surfesce in most of the high wvalleys.

rfase aould o

South of Iolels Ureek no evidense of an uplend s
chgerved. The evidernce i lost in the towering spives and 2liffs of the
mountaing along the Wenatchee uplift. Ths great arvshing of the Venatohee

uplift strikes northwest through the hesrt of the mapped srea.

Glaciation

Evidence of the work of gluciers can be sesn everywhere in the

ppad arez. Small glaclers and neve fields are in existense on the highest




mountaing today. The valleys of Icisle Creek, Weadow Oresk, Trappers Cresk,
Leland Creek and French Oreek are all beautiful, U-ghaped, glaciated walleys.
A% one btime ice mast have cceupied 81l these valleys and coalesced te form
the main Teicle Uresk glacier which extended down to the Wenatchee River

(Russell, 1898). The glaciated valley beottoms ave vems

kably broad and
fist.
Gtlaciers alsc oscupled Deceplion Creek, Surprise Creck, snd Ole

filom River

valleys. The Deception Oreek glacier never veached the Tve Hiver,

nor did the Surprise Creek glacier. The Cle Eilum River glacier resched the

akkima Biver where its terminal moraine forms Ole Blum Take.

The great number of cirques, with their contained lakes full of fish,

is one of the most inviting and enjoyable aspects of the regien.
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ROCK 70

The rocks in the area include these of several lithologic provisces.
The oldest units are the metamorphic rosks of Paleozoiec ags. They ave
included in the sugecsynclinal facies of the Cordilleran pecsynclins. The
Chiwauloum schist is the only representative mapped in the aves, although

phic formations have been desoribed from adjacent aveas.

The peridotite and the Nount Stuart granodiorite represent the intru-

give rocks of the avea. These intrusive rotks ave also indisative of the

later eupeecsynclinal type of regional development.

Over the consolidated basement of metamorphie and intrusive vosks

& great mantle of sediment and voleanic material was deposited in early
Tertiary time. These unite ave represented in the thesis area by the Bwauk

sediments and Keechelus voleanic series.

Other rock units consist of dikes of several kinds end a dacite flow,

Chiwaulum Schist

Extent
The Chiwaukum schist was first deseribed by Page (199) from the
exposures along Chiwsukum Creek northwest of Leavermorth, Washingbton. Dure

ing the summer of 1953 the schist was traced southward by University of
Washington students. The contact between the sehist and the Vount Stuard

granodiorite was partially mapped at this time.




Work during the present investigation involved mapping the westward

extension of this schisb. The formation was traced along Teicle Oreek to a
point ebove the confluence of Leland Creek with the upper Tedicle, North of
Icicle Oreek the schist is in sharp contact with granitic rock. This bedy
of schist is enbirely separsted from the body eof schist $o the north and
ezst in the Chiwsukum Vosnbaing by Yount Stuart grancdioribe.

The schigt composing the Chiwaukum Yountaing was not setually mapped
in detail. Ilowever,; the dark brown, swosth slopes formed by the folisted
rook are easily éis%iagui&h@é from the light, blocky talus slopes and ragged
peaks of grancdiorite. Thus, the Chiwaukum Yountain scourrence of schist
can be traced seross the ridges between Tcicle Cresk and the Chiwaukun Youn-
tains.

The contact of the Isicle Oreek occurrence of sehist with the granoc-
diorite crosses Leland Oreek near its mouth and is well exposed across the
top of French Ridge. Chiwasulkum schist scoupiss mch of the Jask Ureek and
Plack Pine Oreek drainage south of Teicle Oreek, as can be seen on the weiter's
map. It is everywhere bounded by Yount Stuart grancdiorite exsept for intere

vening peridotite in the Sneowall Oreek draimage sres,

Pelrographic Description

Megascopically the Chiwaulum schist is a dark reddish-brown, fine-
grained schistose, well banded biotite-quartz schist. In most places the
bands are well defined and consist of light-colersd lavers of fine-prained,
sugary quartz alternating with dark, biobite<rich layers. The bands are a

millimeter or #o in width and seem to be very conbimuous and disbinctive.
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Fig. 2. Chiwaukum Schist

Quartz-biotite schist from Icicle Oreek. The specimen is
composed of 70 per cent gquartz, 20 per cent biotite, 5 per
cent kyanite, 2 per cent magnetite and graphite, and 3 per
cent garnet (G). Quartz segregation bands and concentra-
tions of biotite and graphite give the rock a banded appear-
ance. The biotite shows synkinematic orystallization and
good orientation. Garnet porphyroblasts are rather conspi-
cuous.
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Specimen from the east side of Deception Creek. Winerals
consist of over 90 per cent gquarts with minor amounts of
graphite, fibrolite, and biotite. Coarse-grained gquarts
bands and dark graphitic bands are distinctive. ®B" as
well as "8" structure is clearly shown.
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In places, such ag near French Bidge lookeoud, the schist is astrongly foldsd,
Aspovisted with the plypmatie folds ave sssll lenses and stringers of
eoarse-grained querts. The quartz lenses ave up to &n insh in width and

streteh cub along the planes of feliation, usually follewing the folding.

Hieroscopisally the echist has several distinctive features. The
rook as a whole usually containe 60 to 80 per cent quarts, When WY coarse-
grainaed quarts lenses are inoluded, the percentage of guarts often runs as

high as 90 per cent. The distinetive dark banding, whieh in hand gpsoinens

seems to be dus to blotite, is in reality esused by concentrations of sar-

recus matber is fine-grained and

bonacsous matber (graghite). The earhons
definitely consentrated along folistion plsnss, The pereentage of gravhite
often runs as high se ten per cent, mt even one or two per cent pives dis-
tinstive bands.

Bictite coours in several ways. The great majority of sestions
show blotite that is synkinemabie, with but slight post-~deformation growth,
However, scme specimens, aspecially those towsrd the Chiwaukun Yountains,

‘ed and ordiented biotite. Toward the southwest iimits

ghow dynesieslly sh

of the Ieiele Creek schist body, statie @%yg@&éli@%@i&ﬂ of the biotite sesus

to predominate.

There seeme 4o be a gradual increase in the degree of metamorphise

as the ceniact with the peridotite is approached., In several specimens taken

along Ieicle Ureel, tremolite cecupies up to 30 per eent of the rock and
there is very 1ittls biotite. Tn one specimen peveral per cent of the vook
was @g@gﬁaygzﬁag and another spesimen showaed ten per cent late mgtovite.

in thess specinmens the biobite shows 14tdle 1ate resrystallization. Turther
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south, nearer the peridotile, the biobtite shows progressive post-kinemstis
ervetallizabion. On Hlack Jack Ridpe, nesr the contant of the sshist with
the peridotibte, the biotite has been complelbely replaced by horablends, In
sne spesimen the guarts formed an even-grained nmosaie of bightly fitted
orystals, and the hornblende formed minubte inclusions and irvegular bands
within and betwesn the quarisz. These horpblends-rich rooks have s disbing-
tive dark gray color and show less distinet feliation and no queris segre-
gation bands, The schist has been stetically recrystallized and metasoms-
tized in patches near the granodiorite. The resulbivg rook is & wesgh of
euhedral, soned feldgpar, recrysballised gusrts, and bioctite greins., &
gouple of these gray, even-grained, susavy-texiured patohes are well evpoped

along the unper Teiele Oraeslk Lrail.

Gorrelation

Three large areas of Chiwaukum schist sre indisated on the geologis
maps the problem of corvelating these three bodies with sach other is an

rhant sne. In cdommection with the University of Vashinghten suwwer figld

eourse, the writer collected several sposimens of sghist from the Uhiwsulus
Hountaing and the type ares along Chiweukum Oresk. An evamination of these

gant

gpecimens reveals the gase large sercentage of quards, up to 10 per
graphite, snd wsually 20 to 30 per cent of aynkinematie bistite, with some
iate stadis development. The schist aleng Chiweukum Creek has wp to 15 per
gent staurclite, which iz the only major wineraloglesl difference from the

vé and ghrosture of the Ywe bodiss of sobiet

Ieiels Uresk gehish. The ¢
are identisal. Ther bobh show the same disbinsbive banding, the same cosrse-

grained quarts lenses, and the same distinstive plyomabic folding. The
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sbtitude of foliation averages ¥ LS ¥ in the Chiwsulun Yountaine and north
Lo %o nerth S0 west along Teicle Greek, From the ebove evidense, it seems
gertain that the Yaiele Gresk sohist beody i the same lithologic unit as

the Chivsubus sabhist,

Efnother oscurrence of schist was found on the west edge of the Yount
Stuart granodiorite. This pateh is bounded on the west by Swauk sediments,
along the Decepblon Pass faulb contast, It iz exposed for aboub two miles
along the Deseplion Oreek trail, above its Junciien with the Tonga Ridge
trail; however, its exmct boundaries are well hidden in the dense, mossy
forests. Lithologieally the ashist has up to 85 per cent quarts, ten per
vent graphite and magnetite, and about five per cent late sillimsnite, as
well as a tracs of staurolite., £ distinetly banded structure is muech in
evidence, although the quartz lenses are lesss proncunced than in the schist
further east sleng Jcicle Oresk. The sbtrike of the folistion is consistently
north L5 to north 50 west, the same as the Teiele Gresk and Chiwaukum Yeune
tain ocourrences. I% is on this evidence that these thres separated ccour-

renses of Uhiwaubun schind are corvelated,

Age
The age of the schist is a problem. Only the relative age of pre-

Mount Stuart granodiorite and pre-peridotite can be determined from evidence
in the area. However, there ism a possible sorrelstion of the Chiwaukum

sohist with other sehists in the vegion. Gsorge Smith (1904) has deseribed
the Peshastin echist, the Faston schish, and the Hawkins formation from hisg

work in the Yount Shtuart Quadrangle. The Pesghastin schist iz deseribed as
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a black slate (. 0. Smith) with asgoeciated merble and blaok schist and
conglomerates (Weaver, 1911). The Hawking formation is composed of meta-
morphoged volsandes and i generally considered 4o be more or less inter-
bedded with the ?@sﬁgsﬁiﬁ‘ The Baston schist is desoribed as & durk,
foliated, wica schist with assosiated glancephsme schists, phyllites, and
green schist (Smith, 190L). The age of these wetamorphic rocks was tenba-
tively placed as Carbonifercus by Smith, who says, "They have a strong
regemblance to the Carboniferous rosks of British Oolunbia {Cache Cresk
series) and Yo rocks of the same age in the Sierrs Hevadas (Calaveras forma-
tion). "

Warren Swith (1916 and 1915) has extended Easton schist, Peshastin
sehist, and Gun Peak (Weaver, 1911) metamorphics inte the Skykomish Basin,
Jjust west of the thesis area. He desoribes the Hasbton schist, from the
norihwest section of the Skykemish Basin, as a quarts, biotite schist; and
he wentions a very high percentage of quarts., This ﬁ%&@?ﬁpﬁiﬁ% sounds very
mueh like that of the Chiwaskum schiebts if the two deseribed ccourrences are
in reality the same rosk unit, this would wmake the Chiwaukum schist the same
ag the Faslon schist insofar as V. Smith's correlation is valié.‘ The present
pravailing opinion is to aﬁnﬁiﬁér all these metamorphic rooks as Paleozois
oy older in age.

abional with the Chivaye

Swaksne gnelss is considered to be grad

sause gbructures can be correlated asrose interven-

kum schist on the east be
ing Swauk sediments (U, Willie, 1953).
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Peridotite

Dasurrenae

One of the nost interesting formations in the Yount Stuart ragion
ig the peridotite. The peridetite was fivst deseribed in the Yount Stusrt
feologle Folic by Ceorge Obtis Smith in 190h. He recognised a broad deuble
belt of the rock south of Yount Stuart. This belt was extended inko the

ualmie quadrangle (Smith, 1908) where its west end is ocut by fault con-

tact along the Cle Elum River (the Deception Pass fault). The only other
work that eoncerns the peridotite body is that done by Weaver (1912) on the
Blewett mining district.

In the present invesbigation the norbhwestern extension of the pari-
dotite into the Skykomish and Chiwaukum quadrangles was studied and mapped.
The northern contact of the peridotite with the Yount Stuart grancdiorite,
as seen just west of Wount Stuart in the Vount Stuart Folle (Swith, 190i),

was found o extend in a northwest direction through the upper drainape basin

ef Jack Cresk and then westward scvoss French Oreslk and over the ridge east
of the Cle FElum River valley. The peridotite is bounded on the west by the

am the Swauk sediments and Fee-

Deception Pass fault, which separates 1% f
chelus voleanies on the west sids of the Cle Blum River valley.

Horth of the main body of peridotite, but entirely separsted from it
by a band of Wount Stuart granodiorite, is snother cecurrence of the forma-
tion. As can be seen on the writer's map, this cccurrence forms part of &
roof pendant of the grancdiorite mass. In the roof pendant the peridobite

grades into the Chiwaukum schist; as deseribed under the schish.
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F@ﬁf&g&&ﬁh&@ Deserintion

The peridetite is s dark gray, fine-grained, hard ulirabasie. 1%
breaks with an irregular concoldal fracture., Ewposed surfaces westher %o a

goft orange-brown eclor. The principal mineral is dark, sugery slivine,
which in a fresh sample may senstitute 85 per cent of the rock. The larpe
anhedral erysbals of olivine are crisscrossed by many smell fracturves, along
which antigorite has formed. OSeveral sestions show up %o 10 per cent anthow

phyllite, which is alsc an alterabtion produst.

The second major mineral of the unalbered peridetite is enstatite.
This mineral forms large, stubby, anhedral crystals readily seen in & good
hand specimen. Enstatite somebimes constitutes L0 per cent of the rock, bud

rwost specimens show & much smaller amount. The enstabtite has largely altered

to secondary winerals, wainly bestite; s form of serpentine.

From a relatively pure peridotite with as 1little as € per cent anti-
gorite, all degrees of alteration to pure serpentine rosk ean be found.
From a network of small eracks dissecting the olivine erystala, the antigorite

gradually replaces the olivine until only emall remnanta of olivine are left.

With the alteration to gerpentine, magnetite is formed., The magnetite forms
& blotchy wesh within the antigorite mass, although relatively large sub-

hedral graine of magnetite are often apparent.

Extensive areas of serpentine rock are of the light green sshistose
veriely, showing wide variations from the Wwpical blask, non-gchistoss rock.
The green variety showse up to 80 per cent antigorite, although ehryeotile has
formed locally sleng fractures. Ten per cent of the rock is magnebite,

distrituted rather heterogeneously through the specimens., Oonsidersble tale
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Fign h + Peridotite

A relatively unaltered specimen of peridotite from the
head of French Oresk. Large orystals of enstatite (E)
show little alteration; however, the main mineral, olivine,
is altering to antigorite along a network of typical frac-
tures. A number of small shear sones transect the speci-
men.
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is usually present, and in addition, carbonate and anthophyllite may be pre-
sent. The schistose green serpentine shows no remant of the eriginsl peri-
dotite minerals. Yost writers (Bmith, 190L) sssume that the rock is sheaved
due te the increased %&1& resulting from hydration during serpentiszation,

although repional metamorphism may 2leo be invelved,

Age
The age of the peridobtite ean only be debtermined relative %o othey
formations. The formation is older than the Yount Stuart grancdiorite bessuse
acidic dikes, derived from the grancdiorite, are found intruded into the peri-
dotite (Swith, 190h). Several large dikes of this sort can be seen 2t the
Sop of Fa
are found in the Paleogene Swauk formabion.

ddy Go Easy Pass. Conglomerates derived from the serpentine mags

The only contact with the older metamorphiecs, studied in the thesis
investigation, was the contact with the Chiwaukus sehist. The contact sesms

te be completely gradational. In the excellent exposurss along the Cradle
Lake trail, the rock grades from typical dark gray peridotite into a green
gray hornblende-rich rock that is erissorossed by a network of smell guards
veinlets, The hornblende-rich rock gradually becomes more quartsose, banded
and finally merges into the typical schistose, banded, guarts-bistite Chiwane
kum sehist. The contact sgone is about LOO feed wids.

Patches similar to the gradational sontast rosk ossur well within
and intimately sssociabed with the peridotite maes. These irregular areas
are gray in coler and orisscrossed by white guarts veinlets. Alse assecisted
with the peridotite are small patches of gabbroic rocks. Weaver (1911}
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recogniged the sams type of problem and save, "In a presbt wany eases vocks

respembling g basic diorite or gabbro porphyry cecur intimately associabed

with the serpentine and are alse partially ssrpentinized.” He postulates
& possible more acid phase of the ulirabasic or the possibility of partially
assinilated xenoliths (VWeaver, 1911},

Both Wesver (1911) and George Smith {190hL and 1906) indiecate the age
of the peridstite as younger than the melamorphic rocks in the region. Thus
Smith says in the Snoqualmie Folio (1908}, *In the northern part of the aves
the peridotite ig plainly inbtrusive into the Peshastin and Hewkins formation
bat it is im turn intruded by the Yount Btuart grancdierite.” 8o we must

conelude that the best age available for the peridotite-serpentine mass is

post-Pesghastin (Cavbonifercus) and pre-Yiount Stusrt (Pre-Bocens).

Hount Blaart ﬁraﬁaéi@riﬁg

By far the most extensive formation in the aves, and the one that is
the senter of intersst, is the Hount Stuart g?&ﬁséig?i%@. This formation
was deseribed from the typs area at 7,470 foot Yount Stuart by George Smith
{190L) in the ¥ount Stusrt Geclogic Folic. However, only the scuthernmost
edge of this preat mass of grancdiorite is represented in the Yount Stusrt
Folio, and until the work of the present investipation the northern and wes-

tern extent of the unit was completely urmapped.

Areal Exbent

From the towering espive of Vount Stuart the grancdiovite was traced
northward inte the Jasck Ureek drainage. Harding Yountain, which is vepresented

on the Washingbton State geologic map (1936) as an isclated knob of grancdicrite,
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was found to be eontinuous with the type section at Yount Stuart. Frem
Harding Yountaein, Yount 8Sbtuart ean be traced norihwest over the Cradle and
divectly into Uranite Younbtain, above Hyss Lake. Oranite Yourndain is repre-
gented on the State mep (1938) as composed of Snoqualmie grancdiorite, but
the writer's work has chown this o be in erver. The Vount Stusrt grancdie-
rite of CGranite Younbain ig bounded on the south by mmassive, red-brown
peridotite, and the west side of the mountain is cub by the Deception Pass
fault. From Granite Mountain the Vount Stuart gransdicrite was traced north
to the Stevens Pass highway, beyend which it apparenily continues for an
unknown distance. The weslt edge of the wass is bounded larpgely Y the
Deoeption Pass fanlt.

To the northeast the Yount Stuart grencdiorite is bounded by the
Chiwaukum schist. The northern resches of the granodiorite ave in part gra-
dational inte the schist (Oles, 1952). South in the Chiwsubum Yeuntains the
sehist-granodiorite contact is sharp and easily followed over the high ridge,
HMuch of the sastern liwits of Wount Stusrt has been mapped by Clifford
Willis (1950), Page (1939), Chappell (1938), and by members of University of
Vashington summer fisld courses (1951 end 1953).

The Hount Stuart granodiorite completely eurrounds a large avea (a

roof pendant) of Chiwaukum schist and peridetite. This ares has bsen wen-
bioned in connection with the schist and peridotite. Its western end is
very definitely surrounded by wassive grancdiorite, as seen on the wrilber's

map. From work undertaken in the summer field courses, the writer is cer-

tain that the granodioriie extends in & conbimuous beld eround the north and
sast ends of the roof pendant, The Yount Stuart Folio (Smith, 190L) indieates

an unbroken expanse of grancdiorite south of the roof pendant.
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Petrographic Dessription

the Yount Stuart grancdiorite is remarkably uniform in the map avea,

Hegascopieally the rook is e mediumegrained granitic rosk, light gray in

color, Biotite, hornblende, quartz, and plagicslase are conspicuous in hand
specimens., Chloritisation is evident along fractures, bul otherwise there

is little evidence of chemiscal alteration. The rock disintegrates rapidly
into its eonstituent grains. Upon examination, the bed of any stream shows
no boulders of granite but s econcentration of everything in the avea exaent
the granitiec vosck. Favorable loeations along the stream will have sand depo-
sits made alwost ewclusively of the disintegrated remains of the granitic
rock.

Under the micrussope the hoynblende and biotite, together making

15 to 20 per cent of the rock, are the only mafic minerals and usually occeur
in approximately equal quantities. The bilotite usually occours as large,
green~brown subhedral erystals. However, in some specimens it appears as
small, peorly formed grains. The hornblende is typleally anhedral and in

some slides is evidently altering to biotits, with the formation of magnetite.

&patite was observed in many specimens.

%ﬁ§.§@iﬁ3§a? is of two kindss orthoclase and plagicslase. The ortho-
clase represents only a small part of the rock and in many specimens nene was
cbgerved. CGeorge Smith (190L) considers 8 per cent of the rock as crthoclase,
bt from the writer's observabions tﬁig figure seems a 1ittle high, Plagio-
c¢lase is the dominant winerel, usually comprising 50 to 7% per cent of a
specimen. The plagiocliase erystals are usually well formed, subhedral grains
2 to h mm in length,




25

Fig. 5. Mount Stuart Granodiorite

Typical specimen from the top of Granite Wountain. Min-
eral composition is hornblende (H), biotite (B), plagio-
clase (P), and quartz (Q). WNote high amount of quartz and
absence of noticeable orthoclase. Wegascopically the

specimen is a light gray, medium-grained, granitie rock
identical with that near Mount Stuart,
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Fig. 6. Mount Stuart Granodiorite |

A specimen collected from the east side of Upper Deception

Creek. This phase of the Hount Stuart shows a relatively

finer grain size, more anhedral crystals, and a generally

darker, more heterogeneous appearance. Minerals consiet 1
of hornblende (H), cloudy woned plagicclase (P), biotite I
(B), and quarts (Q). *“
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The feldsper crystals are usually closded with sericite. Sericite

is more sbundant in the center of the orystals than it i in the rims. Bome

orystals have become se cloudy that the twimning ie completely obscured.

pradeni-

The plagloclase varies from Abg, Any gy to &%?g Anye and is therefore
nanbly andesine with some oligoclass. The quartz usuelly consbitules 10 te
3 per cent of the rock ss interstitial filling between the feldspar graine,
The above descripiion is iypiecsl of 95 per cent of the Hount Stuart
grancdiorite. The minor porbtion of the grancdioribte can be divided into
several types: 1) inclusions (xenoliths} of elbered schist which are parti-
eularly abundant in the northern portion of the map aveas 2) a quartzose
phase that oceurs in large patohes grading inte the grancdiorite; and 3) emall
pagmatite dikes.
The inelusions vary a good deal but ave Yypleally dark gray, rather
fine~-grained rocks with sharp; definite conbascts with the grancdierite. Some

inclusions show small porphyroblasts of feldspar and mafic material. Wiero-

scopieally the inclusions have much quarde and smalil, uswally soned laths of
andesine or oligoelsse. Yafic materisl consists of hornblende and spald

lzths of bictite. The bexture of the inclusions shows extensive recrystailiza-
tion and such wmetamorphic fesbures as subtured erysial borders and inelusions
within the srystals, Toward Granite Vountain and Yount Stuard, the inslusions

ave very small and seabiered but show the sanme general composition as those

further north.
Another type of varistion in the Hount Stuart grancdiorite is & fine-
grained, very cquartsose phass, This phase veeurs in extensive patches in an

arves in the middle of the Leland Uresk-Prospect Greek drainape. 1% fo

SHLe ave

red-brown talus slopes of highly fragmented rock. Individual frags
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Fige 7. Chiwaukum Schist-Mount Stuart Granodiorite Gontact

A specimen from the top of French Ridge. Biotite, quarts
schist, only slightly banded and high in quarts, is shown

eut, across the trend of foliation, by intruding rock. The
grancdiorite is largely quartz with a few large, soned plagio-
clase crystals (P) and small flakes of biotite (B). The high
quarts content of the granodiorite is probably a reflection
of incorporated schist. HNote the bending of the foliation
trends of the schist at the contact.
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ie smooth and regular besause theve is no conbrelling ebructure in the

peridotite. Two types of grancdiorite are in contast with the peridotite:
1) the typleal Mount Btuart granodiorite, and 2) a fine-grained, chilled
bordeyr ?ﬁaga. The fine-~grained phase, intruding the peridobibe, is usually

intruded by apophysis of typical grancdierite. Acidic dikes and irvegular

bodies of fine-grained granitic rock, such as those in the perdidotite on
the ridge sbove lyas @éke, are further manifesitations of the intrusive nature
of the HYount Stusrd grancdiorite. These acidic dikes were noted by G, Smith
(190L1) and are genetieally related o the grenodiorite.

Structurally the Mount Stuart grancdicpite mass is a batholith that
has been intraded into the older sshist and peridotite. Erosion has exposed
art of the

mich of the bathelith but has not yeb remeved the entive roof,

roof lies in the form of a large roof pendant of schist and peridotite.

Iye Soda Granite

Warren Smith, in his work on the Skykomish Basin, has recognized a
granitic mass which he termed the Tye Soda (ranite. He desoribes the forma-
tion as Tellows:

“The batholith, lying in the northeast corner of the quadrangle,
consists of a massive, comparatively coarse-grained, graniteid, green-
ish-white, igneous rock composed of orthoclase, plagioslase, quaris,
hornblende, and biotite, the latter in irregular lustrous brown flskes
and the hornblende in rscognivable green prisms. The feldspar weathers
oub to a lime-colored mass, leaving the anhedral quarts grains in
relief, often giving the rock the appearance of & mosaic. The rock is
typically fresh, it the feldspar is slways slightly clouded. One
larpge outerop of this terrane cocuples the northeast corner of the
Skykomish Basin on Tys River, Wartin Oreek and Deception Oreek. It is
well ghown along the Great Horthern Railway bebween Secenie and the new

village of Alpine,” ,
(8mith, 1915, page 159)
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Fig. 8. ZTye Soda Granite

Specimen from along the Great Northern Railway near
Deception Creek. Composition is approximately 50 per
cent plagioclase (P), 10 per cent biotite (B), 5 per
cent hormblende (H), and 35 per cent quartz (Q). Note
the similarity of Tye Soda Oranite to the Mount Stuart
granodiorite. Both of these rocks should technically
be called diorite.




During the present investigation the author mapped the Deception
Greek area and saw the mubcorops slong the Great Northern Hallway, where
Smith desuribed the Tve. There is no discernible difference, either mesa-
seopieally or misroscopically, between the Yeount Stuart greancdiorite and
the Tye sods granite. The Deception Pass fault runs through the repion and
nicely separates the Yount Stusrt on the east side of the fault from the
Tye on the west., The two granodiorite masseés are probably one and the same
unit. However, the writer believes the fauld contact is a satisfactory

wowhat arbitrary dividing line. Until the surrounding aress to

the north are wmapped and reglonal pelrogrevhie and struchtural studies are

made, the Tye-Yount Stuart problem cannet be definitely solved,

Along with the probable correlation of the YMeund Stuart grancdierite

with the Tye soda granite is the cerrelation of the Vount Stusrt with the

Index grancdiorite and poseibly even the Snoguelsie grancdioribe. The Index

granodiorite is described by Charles Weaver (1912) as a2 uniform lisht gray,
helesrystalline, medium-grained, dense vrock. The roek is composed of LU per
cent plagiscciase { é‘%i} M%ﬁ}, 10 per eent ortheclase, 30 per cent hornblende
and biotite, and 20 per cend quartz. This desceription is identical with the
Mount Stuart grancdiorite and was recognised as prastically identical by
Weaver, wno sayss

"7t resembles very clesely the Yeunt Stuart grancdiorite on

the eastern side of the Casecads Yountains ut in this report will
be designated as the Index grancdierile.? ‘
{Page 3%)

Farther in the same repord, Tesver stabes:

"This same formabion is widely distribubted through the Cascade
Yountaing, where it forms a prominent part of the surface cutérey in
the vieinity of Vount Btuard, and from there northward %o the Dritish
Golunbia border.” ;

{ Page 38)
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The Snogualmis grancdiecrite has not been seen by the author, bub
according to Warren Smith’s map (1918) it should lie just west of the map
area. However, from the detailed peltrograghic dessription of both George
Emith, whe named the formation (1908), and Werrven Ssith (1915), there seenms
little doubt that pebrographically spesking the sﬁﬁ@aﬂmﬁm and Yount Stuard

grancdiorites are the same. On the evidence that Snomalmie intrudes post-

Hount Stuart formations, they have always been separated. Thus Ueorge Smith,
whose evidence later writers have all followed, states: "This relation
exeludes a correlation (of the Wount Stuart) with the Snoguslmie grancdio-
rite which is Wiovene or Post Vioecena.!

From the sbove discussion, 1% iz clear that 3 great deal of work

neads to be done on the granitie bodies in the Yeunt Ztuart region.

Age

The Hount Stuart grancdiorite sannot be dated direetly. In the case
of the Yount Stuart, even the indirect evidence is poor. The basie facts
were summed up by Georze Smith (1908) ss follows:

"The grancdiorite of the mase from which Yount Stuarb is carved
ig intrusive in all the other pre Tertisry formations and is gverlain
by Eogene. ...2learly intrusive into the Hawking greenstone and in
the peridetite and overlain at the eastern base of Goat Younbain by
the Swaulk formation of Eocene age.”

Asguming thab the peridotite is the same apge as the metamorphies,
then the age of the Yound Stusrt would be post-Uavbonifercus - pre-Swauk.
However, the peridotite is generally considered to intrude the metamorphiec
formations and to postdate the mstamorphism, altheugh this relationship has
been questioned. Thus the age of the Yount Stusrt granodiorits can &ﬂy be
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placed as posteperidobtite pre-Swauk or post-Upper Peleosole and pre-early
Genozoic.

One of the few workers since Bmith %o give any thought te the age
relations of the Yount Stuart is Leupher, and he sbrongly doubbted the pre-

Swauk ape relabtion, as followss

"Thus the ovidence that the granodioribte constituted a part
of the pre-iron (Cle Elum beds abt the base of the Swaul-Hocens)
terraine in the Yeount Stuart reglon is indirest and unconvineing
when based only upon dirveect contaect relations, and as nobed on &
later page; the litholopis evidence furnished by the 0ls Blum and
Swauk sediments is slso unsatisfsctory.”

{Leupher, 19h9)

Swauk Fermation

The rocks in the investigated aves inelude an cccurrence of the mase
pive avkosic sediments known as the Swauk formation. These massive contine
ental deposits were first deseribed by George Smith (150L) from the type
area on Swauk Oreek south of Yound Btuartd. Iater workers mapped the formae
tion in the Bnoqualmie quadrangle (Smith, 1908), northeastward into the
Wenatehee quadrangle (Chappell, 1936}, and into the Chiwavkum quadvangle
(Willis, 1953).

In the area of this report the Swank sedisents were found o eover
moat of the reglion west of the Decepbion Pass faulbt. The massive Ksechelus
voleanic plle, conatitubing Hound Daniel, separates the Swauk into two sepa-
rate ceeurrences — north and south of the mountsain. The Bwauk north of
Y¥ount Daniel is bordersd on the east by the Deception Pass fault, separating

it from the Yount Stusrt grancdiorite. On the north the Swauk is bounded by




35

ye soda granite and older mebaworphie rosks (W, Smith, 1915). The enly

other cobesrved Bwauk contast iz on the north and south slopes of Yount Taniel

where complex relations with the Keschelus volecanics were nobted.

e

The structure of the sedimente iz rather simple in the thesis ar

The beds are very massive with no distinctive mavker beds. 4s a2 whole, the
bads strike betwesn north 15 west %o north L0 west. The dip is consistently
sbout 35 to 50 southwest. In the ares under consideration there is no indi-

cation of folding o unconformities. A% lsast 7,000 feet of sechtion ave

exposed just north of Hount Daniel, and there is no indicstion of either a
top or botiom to the sequence., Theve is also no chservable difference bhetween
the sbrusture novth and south of Yount Daniel, and the indisalions are that

the strusture would be conbimoue if the Kesshelus volsanies had not inbere

vanet.

In the area west of Deseption Pass faull, the sediments vary from
aimost pure sandstone to ghale to conglemerate. The lower part of the sechtion
containe considersble conglomerate. The pebbles are well water-reunded and

range up to three or four inches in length. The cenglemerate is highly indure

sted and rather poorly sorted as to size. Black slats constitutes shoud U0

per cent of the pebbles with the remsinder wostly quarte, chert, and schiet

fragments. South of Hount Daniel the composition includes a small percentage
of pranitic and felsitie pebbles. The conglomsrate bheds are thin but seen to

be vather conbimuns.




fBeventy per cent of the Swauk sechbion is light gray, coarse-grained,
masgive, poorly bedded sandstons, The sandstone betomes move massive and
homogenecus a5 one poss hizher in the secdbion. Horth of Yarsst labke seversl
thousanl feet of homogensous sandstone are exposed with no digbinctive breals

in lithelopy. A typical hawd epecimen ig & light gray, hard, well indurated,

equigrarular, gpecikled, clastic roek. It is composed of quarts, feldapar,
snd davk epesks of glate and mica. The wies end slate fragments 1lie in the
plane of bedding and constibute the only feature on which an attitude can be

takar,.

Hisroscopisally, the sandstone consists of 90 %o 95 pey cent angular,
elastis, well sorted quartz praine. The guaritz is held in a matrix of elasy,
carbonacecus matber, and iron oxide. ALL gradabtions from gendstore %o avkose
were noted,. A specimen pieked up near Varmob Lake consiste of asproximately

25 per cent angular quarte fragmenis, 5 per cent schist fragwents, 10 per

sent long phyllite fragments, 5 per cent biotite, and Y5 per cent feldspar,

The biotite fragments are souarse, elongated orystales that have baen nobtice-

ably erushed between the irregular ¢lastic quarts and feldepar grains. Ths
feldopar iz highly clouded with sericite.
A Yypical shals specimen will usually show a layering of olay and

511t sizes, but often a sample will have s lavge per cent of fine-grained

material with s heteregeneous adnixbure of sand prajus.
On the north slope of Yount Bawyer, a 200-fool section consiste of

tro inches elastic fregmente of granitie rosk. The fragments ere

or
rregular and angular and zeesn to be dispersed in & mabyrix of quarts, feld-

e

gpar, ard biotibte graine of the same type as those found in the rook frag-

menbs. The vesk fragmenis cannct be distinguished from the Yount Stuart




m- De M Sandstone

A typiecal specimen of Swauk sediment showing small,
rounded fragments of phyllite (Ph), felsite (F), and
minor amounts of biotite, feldspar, and clay in a quarts
sandstone. The high induration and poor sorting is
shown, This specimen was collected near Deception Pass.



grancdiorite and undoubbtedly were derived frem the Younb Stuart or Tve soda

granite sasaes, The many granibie fragaoents indicsde depositionsl sonditions

of raplid 111 and a ghort trassportation distance.

ige

The Swauk formstion is the only unit in the ares that can be dated

with reasongble acouracy. 7The basis of dating is the fomsll leaves which
oosuy in logal abundance in the shale layvers. 24 collschion of leaves found
neay Liberty, south of Yound Stuart, was stndied by Eﬁwi%é; who plaged

them in the Focens (Paleccene) (Oeorge Swith, 190L). However, resent region-

&l congiderations indicate 2 probable corvelabion of the Swauk formation with

the Chuckanul formation of northern Washington. WYarine fossils indicate

& la%e Uretacecus age for the Chuckamut. Thus there is the probsbility thas
the Swauk sgediments mey transgress conslderable time - from Uretacecus
through early Tertiary. They probably represent the conbinental eguivalent

of early Tertlary marine formabtions in the Pupeb trough.

Extent
A great mass of voloanic maberial forms the vertical eliffs and tow-
ering epires in the vieinity of Wount Deniel. These voloanios are the western
extension of the Keschalus andesite, fivet dsseribed by George Smith in the
Snoquaimie Felio (1906). .
| fn their east mide the voleanics ave beunded by the Yount Stuert
grancdiorite slong the faulb contact of the Dessption Pass faulb. The vol-

sanige are bounded by the same fanlt from the head of Twoepbion Ovesk, over
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Deseption Passe, to the south end of Hyas Lake — a distance of sboubt five
miles. The contact south of Mount Daniel is with Swauk sediments, in part
gradational and in part apparently intrusive. It is well exposed in the
¢liffe near the cutlet of Hyas Lake, and hence southwest over the Gle Eiﬁm
River-Deep Oveek ridge. MNorth of Mount Daniel the veleanics are also bound-
ed by Swauk sediments. The contact is indefinite, but in general it trends
northwest from

Deception Pass through Yarmol lLake.
Warren Smith (1915) and the Washington State geologic map represent
Hounb Daniel as composed of Snoqualmie grancdiopite, but on the eastern

slopes the writer could find no indisation of grancdiorite.

Structure

In spite of the beautiful exposures of voleanice on Yount Dandel,

practically no strueture could be determined. Bach specimen picked up seens

%o differ from every other one. In the fisld it is difficult to debermine

whether one is dealing with massive tuff, flows, or breceias. In places

every gradation exists bebween the massive, structureless volcanics and mas-
sive bedded sediments.

From a distance, a fairly definite trend can be seen in tres lines,
suterop patterns, and color patterns which indicate thabl the over-all struce
ture of the volcanies conforms with the attitude of the Swauk sediments io

the north and south of Yount Daniel.

In the sandstone eliffs on the west side of Decephion Pass, there is
a 20-foot layer of greenish, fine-grained, massive porphyritie andesite, lena-
ing out to the north and apparently intruded as a sill,




fig. 10. Contact of Swauk Sandstone with Keechelus Voloanics

The sandstone ie a light gray, well sorted, highly indurated,
quarts sandstone with only a few feldspar and phyllite grains.
The voloanic material represents a sill of andesite 20 feet
thick. Irregular phencorysts of andesine (P) in a fine-grained
ground mass with a very fine-grained, cooled contact zone can
be seen.
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Gathedral rock is composed of massive dark, browne-gray, porphyritic
basaltic rock with phencurysts of white feldspay and a dark ground mass of
fine-grained plagiocclase and pyroxene orystals. On firet glance, this pin-
nacle gives the iwpression of a voleanie neok. This resistant, homogenecus
mage of voleanie rock might represent a conduct of some kind, but it is move

probable that Cathedral rock is only & spectasular srosional remnant.

AN

The voloanice are a mass of altered tuffs, agglomerates, and inber-
cHlated flows. By far the greatest nunber of studied specimens consist of

fragmental vock. The fragments are angular pieces of albered voloanic rock

up to four or five inches across. Under g mieroscope it can be seen that

meh of the finer-grained material is alse fragmental, Angular grains of

very eloundy plagicclase, which is so turbid and aliered %o gsericite and kao-
linite that it can barely be determined, are numercus. Yary angnlar quards
grains are present, especially near the conbacts with Swauk sediments, and

gircon also cocurg. Ohlorite, epidote, and amnpular caleite coour in wost

specimens as relatively largs, irregular masses. These probably represent,
along with the larger flakes of magnetite and hematite, the alterad remnants
of less stable fragment

The ground mass and specimens with no fragments consist of a elovdy
mags of magnebite, kaolin devitrified glass, and ash.
Beversl samples of porphyritic andesite were collected, The pheno-

eryste are glassy, striated feldspar with an albite twin extinetion angle
(measured perpendicular to 010} of 20% to 27%, making them andesine. Augite

and hypersthene form the prineipsl wafic minerals. Some chlorite and
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Fig. 11l. Keechelus Pyroclastic Roeck

A typical specimen of Keechelus type rock collected near
Hyas Lake. TFragments of angular quartz (Qbtz), voleanic
material (Vol), cloudy feldspar (P1), and chlorite (Chl)
can be seen in a speckled, cloudy matrix of ash and
glass. This probably represents the same rocks that
Abbot (1953) called Richmond Brececia.
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magnetite are also present. Sixbty to 70 per cent of the rosk is & matrix of

small plagioslase lathe and cloudy specks.

Relation to the Swauk

The relation of the Keechelus woleanice o the Swauk sediments is
not clear. In the exposures along ¥armeot Lake there seems to be & complete
gradation from sandstone ialo the volcanies. The north side of the lake is
maggive bedded avkoeic sandstons. The south side iz wasgive, apparently
structureless voleanics, The vock is exposed along the shore and follows
the strike of the sediments, and nowhere is there any chservable demarcation
between the two formations.

A% the southern contact of the velsanic body with Swauk sediments, the
relations are diffevent. In tracing along the strike of a Swauk gedinentary
bed, one suddenly comes to a place where it has been cut off by a sh@@m&mﬁ
baked intrusive contact. Areally the conbact cuts up ridges and dowm vallevs
in a very irvegular way, controlled largely by the bedding of the Swauk.

4 different aspect of the problem is the oscourrence of interbedded

fragmental Keechelus tuffe and Swauk sediments in the vieinity of Deseption
Pass, A sgimilar line of evidence is the wide occurrence of fragmental vol-
canic rocks near Hyas Lake and at the east base of Vount Daniel. The only
logieal way in which these fragmental rocks could be deposited is as surface
layers before the great masses of Keeshelus voleanics and Swauk sedinents,
which are higher in the section, were deposited,

In the area studied, much of the Keschelus voleanic seguence was
apparently deposited as tuffs and flow breccias in the same depositional

envircenment and contemporaneous with at least part of the Swauk sediments.
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well to denote then zs Hichmond Breosis, insofar as Abbobis division of the

Besehelne ig valid,

In the 5@5@@%@%&&% of andegite Tiews interbedded in the sedimenis
{Weaver, 1912}, we ses probable contemporanccus deposibion with magsive
sediments, In this Light G, Saith (19037 says: "In their larper ezposuves
the tuffs and lovas display distinet bedding snd some of the finer lavers
show the effect of water sorbing and resemble ordinary shals or gandstone,”

The Keechelus velsanics are s far more complex rosk unit than the

erigingl description of Baith (19086) we

id imply. In the broad sense; ths
voleanies probably transgress considerable time, The writer believes that
et least part of the Keechelus velcanics in the Hount Daniel region sre sone
{Paleccene) in eze,

anstuy with Swauk sediments snd thevefors Zosens

tenpeor
However; thiz dees not mesn that the velssnics have nobt transgressed tine
and that the great mass of Heechelus overlies and is younger than the Seauk

gedinonte,

Dikes

Humerous dikes were noled during the course of the fleld investipa-

tion. Yo specisl study was made of the dilkee; however, some

broad ganeralis
$ies phould be noted. %%% dikee are of thres disbined types: 1) intersediate
dikes cutbting the ultrabasie bodies and appa:

enbly direstly connested with

the Mount Stuart grancdiorite; 2] a group of lavge basie dikes cubiing the

Hount Stuart granodiorite in the vieinily of Granite Yountaing and 3) small,

seabttered, dark-coloved dikes eubtiing the Vount Stuard grancdiorile.
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Intermedisbe Dikes

Om the srest of the ridge bebtween the (le Elum valley aend French

Gresk, seversl thres- to ten-Tosht wide intormediste dikes sve wall exposed

for & length of several thousand feet. In the field they sppsar as lighd

fine~grained porphyritic bands thet are in sharp contact with the davk

enish-black ultrabasic rook that surrounds them. Under the wierescope s

pecinen v

ag found to contain hO per cent fine-grained laths of

feldapar, 30 per gent fine-grained bundles of acicular ssbincliite ary

and the remainder & fine-grained mabrix of ¢loudy maberisl containing

agnetite grains.

Andesite

seb of dikes in the sres 48 8

The mozb spectaculsy v of large,

davk, green-bromm basic dikes cubbing ssroes the top of Uranite Youniain.
These dikes are distinetive in that thelr eclor sonbrasts very sharply with
the 1ight pray coler of the sounbyy rosk, The dikes weather ﬁ%% more rapidly
than the grancdiorite, and the vesult is that they sre often found in trenche

like depressions in the granodiorite. The dikes vange up %o 20 feeb in

width, strike north LS %o 55 west, and dip moderantely southwest. They ave
distinetly finevegrained near thelr marging than in the niddis.

imen shows 20 per cent cloudy and altered feldsnar,

15 per cent chlerite, 5 per cenbt carbonate minerals, and § per gent iren ove.

The vemainder of the rock is fine-grained matrix that could nob be determin

Ele

The feldspar cosurs both as large phencoryste and ag emall laths and is very

mich albered to kaolinite and gericite. The lavpe amount of chlorite and

other alteration products gives ths reock 2 drab gresn, clouded appesrance
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very similar %o some of the altered Keechslus veleanies. In faeh, it is not

improbable that these dikes ars ssscciaied with the nearby Heeshelus volsane

Dolerite

The third type of dikes in the aves is composed of davk gray doler-

i%e. 7The dikes were found intruding the granodiorite and sehist in widely

separated coourrences, The maximim width of these stesply dipping dikes i8

gbout six inches. A1l the dikes seam to be offget a few inches slong small

gh

gars in the grancdiorite. Under the microscope the vosk is seen %o be g

itie dike rock. The phencerysie ave

holeorystalline, Tins-grainsd, povphyr
oriented parallsl to the conbact, The rosk is composed of sbeut 80 per sent

plagiosiase (andesine) and 20 per cent hoxnblende, Phenocorysts fora sboud

with the remsinder & mass of subhedral graing of

i0 per cent of the rosh
feldspar and hornblende,

& small flow of daeile was found in ithe dtimbered valley of Pable
Ureelt on Blaskjack Ridse., The only resson this cubterop was found at sll
was besauss the writer was lost and blundered inbts 1% while looking for the
trail.

The enterop consliats of light gray<brown, hard, porphyritic voloanie
reok, The badly fractured nature of the cuterop made 1% diffioult 4o obbain
& good sample, and no well defined structure, ewcept a erude, thin sheeting

parallel o the surface, eould be determined.




Under the microscope the reek is a holosvystalline, o

tly resorbed plapliotiase

dacite, The phencoryabs eonsist of subhedral,

laths up o 2 me in length. DPecause of the high degree of sericitiszalion,

e good plagiosiase delermination was obtainable, Quarts oncurs as ivre~
gpulsy, anhedral prains of varying sizes. Suall laths of alteved hernblends

md mase consists of &

sonstitute sbout 10 per cant of the rock. The

eryphooryetalline agpregate of quarids and feldspar with scabtlered small davk

spheraiites.
George Swith (190h) has described seversl small rhyolite patohes in

the Yount Stuard Polle. Hs ve o lave and tufY wevs

marks that bolth somy

found, and he has asslgned then o the Pliocene on very doubtful evidence.

This pabeh vy be gleilay in age and oripgin to those described by Omith.
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Swauk cutereps show no discernible structure bub instead display & broken ad
dirty sppearance caused by fawlbting. Progressing downstresn, the sharp break
between grenodioribe and dchieb, on the cast side, and sedinents s on the wesh,
lrdicabes the fault trace slong Decepbion Oveek. Aboub & mile below the
Deception Uresk-Tonga Ridge trall junction the fault evidense disepposrs,

The unfauited condltlon of the shresm bed con

passes under the Stevens Pass highway bridge. The Dweuk-grancdioriie con-

tact on the zowntalin sides wesh of Lowey

Deoeption Cresk could not be found
by the author because of the dense fovests. However, W. Smith (1915) seoped
an anguiar bend in the contict trace which suzsests & contact other than
high angled faulting,

Along the new power line road just south of Secenle and whers the

(reat Hortherm Rallway takes the bend to enter the Usscade Tunnel, several
hundred feeb of brecelated rock with minor, one- o two-inch bands of gouge

can be seen, This feult zone dips stesply west (85° &) and stvrikes roughly

Surprise Cresks, wheve 2 large gully mrks the troce of the fault for seversl
huggdrad fest,

Thuz we have evidense of large-sosle feulbing on Decepbtlon Cresk amwl

the power line road. The twoe fenlte strike roughly the sane, dip about the
samey ard look the samej and both were lost toward each other. Therefore,
it seems logleal %o connsct them across the Swprise Cresi-Decspiion Creek
vidge, o distance of approxisately three wmiles.

South of Decgpiion Pass po direet evidemee of fauliing, such as
breceia and gouge zones, wes found, The Cle Plunm valley is glaelsted and

filled with Quaternary alluvium, as mapped by Snith (1906}, and & fault was
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plaged along the west side of the glluvium, The Docepilon Pase lault has
been extendad by the wribter sanbhward and sovess thw valley, ad conneoted
with Swith's feull as sapped in the Snoqualmie gquedramgle.

Several linse of evideénce indieate faulting in the {le Flum vellsy.
The besh ovidence is litholopies: On the east side of the valley & nassive,

urdissected ridge of Fount Blusrt gramdicrite and ulirabasie rook rises

steeply with 3,000 feet of velief, Uount Danlel, compoped of massive vol-

taln, made of westward dipping sediments

caniecs (Keschelus), and Goob Yow

{Sweuk), rise 1,000 feel above the west side of the valley., 4 fanlt contact

is the only logleal woy to place these massive westward dipping voloanics and
sedinentes ssaingt the mpesive plubonie rooke Yo the sast, The stespness of
the valley sides — copecially ot the base of Coat Hountaln —= m@y be par-
tially due to fauli cowbrdl,

The kind and sepnitude of the foulting is uncertaln, loasurewnts
L

taken on the dip of the faull gouge and the wpowramce of the breccls zons
indicate o westward dip of 70 to 90 degrees. The veayy straight and yegulay

surface Lvace of the fauld over veyy roush terrain is also an indiecation of

high angle displacesgnt, It scoms loglesl to inberpret this dip as indicabting
& high angles normal feull separating the relatively older schists, granities,

ardl wltrabesies wpthwown Lo the east, anl the relatively younger woleanics

and sedinents downtlwom to the west. In the Upper Desepbion Orselk drainage
ares the massive sediments, dipping assy from the faulb, have a stratigraphic
thicknsss of ab least 7,000 feeb, Extending the Swauk sediments over the
grancdiorite to the east and assuning en average faulb dip of 40 degrees, a
minimpn throw of 6,060 fest is cbtained, This flguwre ig probably fer shordg

of the actusl throw bosause no indleation of the top or botbton of the
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The time of faulting is probably late Tertiary (o post-Keechelus),

it predstes the latest phase of glasistion, The gouge and bwegois zongs

are uncenenked and seen fresh,

Several other foulis should be menbioned, Dalow Cathedval rosk &
roek striken north

hoading northeast toward Hyas leke, has
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The area around Hount Stuart was the seens of a grest influx of goid

seekers during the latter part of the last sentury. Gold plucers were dige

eovered along Peshastin Greek, south of Yount Stuard, in 1860 and on Swauk
Creek in 1868, Laber vein deposits were opened up in the sams srea and west
of the Cassade orest in the Skykomish basin (¥, Smith, 1915) and the Index
district (Weaver, 1911). In the days of the great gold rushes the region
wag mich more densely populated than new, and many millions of dollars worth
of values wers taken from the earth (Smith, 190k).

The area of thie investigation has only a few abandoned prospest
tunnels veminiscent of pust setdvity. Wear the top of Paddy Qo Dasy Pass &
few prospect holes are evidense of the bygone days of the gold secker, One

edit was found whieh wes driven inbo solid blask sers

sembing at the bass of

a vertical pesk. The adit went in fer several hundred feet and spparently
the prospector was trying %o indersect an ascidis dike thad ean be seen high
on the peak, |

Several other prospest holes, now caved in, were slso found nearhy.

On the erest of Paddy Go Basy Pass, an aves of white quarts veinlets wae

noted, Several prospest holes and a smell ineline shaft were sunk to explove
the veinlets, bul everything is now caved. However, several siweinch chunks
of nearly pure tetrahedrite had been set aside at ons of the dumps to atbest
the presence of mineralization, The U, 5. Geclogloal Burvey topogravhic map
showe two mines in this aves, and 1% seems vesgonable to assume the mines were

sotively worked avound 1902 when the surveyr was wmade,
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A% the head of French Upeek thres abandoned esbing sve still stands
ing. These ocsbins were part of a program to develop & small guarts velsn on
the western side of Paddy Go Basy Pass. The vein seems to follow a small

fanlt gone in massive peridotite and fine-prained seidic rook. It strikes

sasbewest and dips 65° north and iz & foot wide. The vein is gompoged of

coarse-grained cosb Guertz and sesms Yo be a typicel hydrothernmsl deposit.

Other than a few specks of prrits, no mineralizstion was cbserved.
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in conclusion; 1t must be realised that the iwvestigabion entailed
ne speseifie problen other than the generel aveal distribution of the forsse
tions in the aves and their contact velstions.

Two major contribubions resulited from this invesbigation: 1) this

pravicusly unknown aves was mapped geologically and the contact relations

ere investigated; 2) & major fault was found to border

of the major units w

the west side of the lount Stuart grancdiorite mass. This faulld, of ab

least 7,000 feet throw, was named the Tecepblion Pass fauli.

s were enoounbered, The relationship between

Several major preble

the Keechelus volscanics and the Bwauk sediments is appavently far move come
plex, at lessbd in deball; than ﬁ% giwple strabigraphic sequence presented

in the Snoqualaie Folie (8. Smith, 1906). In fast, the ms-%%gm@ thicimesses
and great litholegie verdiety im the Swauk and Heechelus, as individual units,
indieates that years of work will be reguired to understand fully their come

plexities. Another problem, in which much Pundamental work needs te ba done,
is the problem of the origin of the peridotite. 1% seems very doubbtful that
many of the cbserved facis @m@mmg the paridotite in the area can be fibted
inbto conventionsl magmeiio %ﬁ%}?ﬁ@ﬁ of origin.

The ultimate goal of mest z%réai geclogic work ig s resonstruotion of

of an area,

the sequence of events which have g&?&%&@%%@ii the pregent geclogy

& rvesume of the events in the area under sonsideration is as followss i) &
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eodiments were later veglonally metamorphosed and changed into the schists

marehis semplen. AL sone Hlwe aTher the

&

and phyliites of the present net

end of metamorphien, pevidotite was inplaced inte the older voeks. 3) The
next major event was the inplacement of the Yeunt Stusrt granodiorite mass,

which is younger than the peridotite ut older than the Tertiary volesanis

voek units. k) Derived from highisn

aod sedimentery

d gources, a great

guense of arkesie and ghaly sedinmente -~ the Swank, Paget, and sinilay

formations - wag laid down during & peried of continmued tectonie activity,
probably dering late Oretasecus and sarly Bovens timss.

8} At the time of sedimentabion voleanie setivity fivst coourved.

Zdmiiar voleanic activity conbimued until late Tertiary time and has pro-
duced the maseive Keechelus andesibe and similar velasanie formations,
6} Gentinued deformation tilted and folded the Heechelus volcanics and Swauk

sediments along northwest-beaving structural sxes. 7) Lxbensive erosion

followed during middle Tertiary times. 8) Heeent general uplift of the Cas-

cades superpogsed o northesouth trend asress the alder northvest-southesst

sbructural axes, This last phase of astivily is probebly sbill going on,
9} Alpine glaciabtion of the high regions, corbined with norsal stresam evo-
sion, produced the details of topographic ewpression so dharacteristic of

the progent Cassade %@%ﬁ%&iﬁ&u’
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