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This paper comzences with & gewersl ﬁ@&%?lﬁ@iﬁﬁ of the
topography and the physiocgraphy of the sres covered in this
report. In the conclusion of this preliminsry trestuent the
suthor supgests & possible explsnalion for the prevelesunee of
tendem cirgues in the Casscsdes,

It then proceedes o & geologicsel descriplion of the ob=

served formations, of wiich four out of siz hed to be pased

by the enthor. The oldest of these is the
tion, =2 series of melamorphosed sediments composed lsrgely
of derk gray guasritzite snd black argillite. In sbseuce ol

fosell evidence it was considered on lithologic grounds

&

late Paleozoie. Hext in sge 1s placed the Hegnsr Volesnice.

o

It is represcented by highly me%@meygh%@%% gndesiliec TOCKS,
probably correlating with the Vencouver Volecanies of The

Jursssie. Probably of & somewhet similesr spge is the unifos~
gilifercus liorth “end Forumstion, composed of cosrse grained

thres fTormsiiong gre lnivuied oy

arkosie ssnisione.
indursted by the liount 51 Complex, wiich preésumsnly renre-

gente a border phase of the Index Post Jurssaic Bstholith.

The bulk of the sres is covered by

.

gitic BSeries and the Snoguelmie Batholilh, which werse
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GEHERAL TOPOGRAPHY

Although the asres does not extend to the divide of the

ange, the relief is very promcunced. IZlevetions vary from
fi?@ handred to nesrly six thoussnd. The summits of the
%@Eﬁt&iﬁ% show the concordsnce of glevations typicsl of the
gecond ¢yecle of erosicn ef the Cascades snd incresse grads~
tiocnelly from = minimmg of eabout thirty-five hundred feet on
Rattlesnake Ledge south of Horth Bemd t¢ a maximum of nesrly
e#lx thousand in the exireme neriheast corner, YValley glscia-
tion of =& youthful topogrsphy hes been the principal f@@%gf 
in the erozion of 1he region. |

A Jsrge pert of the genter of the northwestern gﬂar%erﬁ?“
of the sres 18 charscterized by low rounded hille up to fi?éﬁ,
mndred feet in height, %ﬁfﬁﬁﬁﬁ&@é’%y fi%@igiﬁg'&l&aﬁi@%%ﬁf&i;i

ded tc fornm

lend. This lowlying part is tepogrephieally bour

& rough restaigle. On the westl rises Isitlesnsks Tedgze, on

the north Jount 81, on the south lount Vashington with IZag-
ner Eill directly to the west, snd on the ezstl Grouse Ridpee
with higher mountaines immedisltely behind. Thie hse besn
the recelving ground for much glsecial debris. Ite Bills mey

measure reflect the underlying rock, but are

larpely due to morsinal snd outwash msterisl from three wval-

Eeyﬁvﬁ%&@ come in from the esst. These three maln systens

draining inte this region divide the ares into several &ﬁitgﬁ
The largest river ie the liiddle FYork of the Snoguslmie.

the

This rdaver coming in from the zmorthwset gireles sround
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southern portion of lout 8i in =& large irregulsr bow asnd then
leaves ithe sres to the northwest direetly esst of Forth Bend.
The upper valley is chiefly in a stege of youthful naturity,
slthough glaeisl deposils beve resulied in & loesl reluvens-
tien.

The next mein river Lo the south is the South Terk of
the Snogqualnmie, It rune disgonslly scrose the district in e

comperstively streight linme with & genersl smorthwest direc-

tiom. After lesving the wvalley, ils course is mere irrepuler.

;

It contiounes with the ssme genersl tvrend and lesves the sres
just west of Horth Bend snd sboul & mile west of the 1iddle
Pork. 4

Cedar River snd Cedar Loke lle in the scutheastern por-
tien in & vslley sppreximately persllel to that of the South
Fork aund sbout four miles Lo the southwest. 7This valley is

of great lmportence as the mource of the fealile weler supply.

The lske is typicsl of the giscisl finger lskes aznd is formed

border.




MOUET SI

Horth of the Middle Fork rimes lount 85i. Ouly the firet
twe thoussnd feet of 1%, however, lie within the quadrsnglse.
Thies part furnishes meny exposures. lost of the soil that
forest vegelstion was graduelly bullding up over the glacgist~
ed ledges was stripped off by fire. The subseguent sridity
has since thwarted the attempts of & second zrowith. How &
seasgonal tengle of vegetslion is sdded to the rotijng t
gx1d the small desd fir lrees lo ineresse the diffienliy of
field work.

To the east and south of the mountsin mach of the erigin-
al heevy forest ie still stending, bat i1 covers largely gzla-
gisl alluvisel meverisl which forms the high terrace rising

it hundred Teet asbove the river.

N‘*

B

o
&
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MIDDLE FOBK ~ PRATT RIVER

Between the Middle Fork and the South Fork lies & wedge

. mountain msse. The South Fork's drainsge reaches only

wmmit of its own velley, while the iadle Fork,

through a8 number of tributsries, drsins the rest of the disg-
triet. The principsl tributary is the Pratt River. It ruzs
approximetely parsllel to the ssstern border, snd crosses the
northern boundary after covering sbout six miles from its
erigiﬁallsauraa in & ecirgue lake of the same Dame.

Pratt River receives drainsge from seversl well defined

girgue lskes snd their valleys. A charscleristic of many of
these valleys is & tendem cirgue at the head., Xullslulls
Leke at thé foot of Hount Defisnce probsbly forms the best

example. The leke is im s very well defined cirgue about

fifteen hundred feet below the summit., The outlet of this

imme

distely descends some thoussnd feet over an equslly well
defined c¢irgue.
7est of the Pratt River and parsllel to it lie two small-

s8. These slse flow

er glacisl valleys heeding in cirgue lak

into the HMiddle Pork. In the case of the three rivers, the

tributaries sre far beitler developed snd the relief more mod-~

erste to the southwest than to the northesst. This is appar-
ently the result of & jointing system in the underlying gran-
odiorite. The ﬁrain&ga to the southwest conforms to z&g dip
of the major jointing, while the main streams Follow the

strike. This gives = rough grid patterm to the river systenm.
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Pratt Lake from ths South Fork Divide.
The mountalns in the background form

the east wall of ths Pratt River
Valley. The white exposures are due
to the slides of grancdiorite.




One of the charscteristies of this part of the ares is
the extensive slides of lerge angular blocks of grancdiorite.
These slides, often commenecing at the top of &.%Qﬁﬁ%&in, &=
tend dowa ite eide for %ﬁauﬁéﬁé%~af feet. For the most part,
they are not inelined to move snd sre slowly being encroached
‘upon by vegetation. In fset, much of the forest land undoubt~
edly ecovers such exposures. These slides sre alse largely

dependent on the jointing. The blocks have the tendency to

glide down the éip of their major jointing. This has undoubt-~

edly been sn importent faclor in shifting the drsinsge divides

of these valleye to the west, while the easstern slope tends
to retain its originsl wall.
This genersl division is the most besutiful and st the

seme time the most inaccessible psrt of the whole srea,

e
There is one prinecipsl trail that passes through the distriect.
ﬁli%biég'a¥@r a four thoussnd foot psse, it connects the
Sgath Fork wvellsy with the Pratt River country. It them fol-~
lows the valley down to the Middle Pork trail asnd back %o
civilizstion. It ie = distance of well ever twenty miles.
The only other trail in the ares is up Grsuite Creek. That
hes one branch up over & four thousend Foot @&%3’%@ Thompson
Iske, the most westerly extensicn of the Pratt River dreinsge.
The Pratt Hiver country is noted for sn unususlly high
reinfall, snd, in conseguence, hass g luxuriant ﬁﬁﬁeégr@wth'
thet renders cross-gountry work very slow. The slides snd
the stresm velleys form the most aﬂn@@ﬁi@uﬁ routez. The

good trails in this distriet are due to the fact that the
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Pratt River system lies in the Ssoguslnmie Hationsl Forest.
Sinee the topographic survey the forestry service hss
established & few chenges and additions in the nomenclature.

The prineipsl of these the suthor hss noted on the geoclegic

map. On the government gheet Ollie ILake is &t the head of

Pratt River. In the forestry maps this lake is known as

Pratt Leke, while the name of 0llie 1is transferred To an

otherwise nameless lzke, which with Thompson ILeke forme the
hesdwaters of the principsl iribulery to the Iratt River from
the southwest. Tn like manner the fairly lsrge lake at the

foot of lount Defisnce was considered to be of sufficient im-

p&rtaﬁ@% to be nomed, end is now known ss Kullskulls Laxe.
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Plate 3.,- Thompson Lake and the east side of
Pratt River Valley. The more dis-
tant rugged crest line to the south,
formed largely by the Guye Formation
in the Snoqualmie Quadrangle, con-
trasts with that of the grancdiorite
which forms the northeastern corner
of the area.




The great talus slides

of granodiorite at the .
head of the elrque at
Thompson Lake.
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THE SOUTH FORK OF THE SHOQUALMIE

The South Pork of the Smogualmie enters the erea as a
well defined river, that is still in rather a youthful stage
of erﬁaion‘ The valley is so deeply ocut at the western mar-
gin that the drop in the river is compasratively gentle, ex~
- oept faf the temporary bese levels established at its sever-
al fﬁils. For the most part it lacke the power nnasssary to
move the coarse sediments and boulders that itse many steep
tributaries are depositing. |

Below the station at Garecis it hes cut down to bed rock.
Farther west it is agaln on bed rock, but here the wvalley is
broad e&nd the river has undoubtedly been superimposed on its
original southern wall by the sccumulation of glscial and
alluvial meterial. This seme situastion together with the re-
sictance of the Twin Fells Sedimentaries has been the factor
té form thé Upper Falle at the western mergin of the valley.
Here the river descends by two spectecular cateracts in the
Aeénraa of a2 hundred ysris. Theﬁa upper falls of the Snoqual-
mie, locally known ss the Twin Falls,sre essily svailable to
the highway.

The high glacial deposits both to the nﬁrth forming
Grouse Ridgé snd to the south above the Chicego, Milwaukee
tracks indicate the extent of the deposits thst once dammed
the river, forming the nmumerous bede of stretified clay in
‘the upper part.éf the valley. The river cutting & new chan-

nel in the unconsolidafe& meterial is now on the more
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resistant verticel strata of the Twin Falls Formation to the
south of its preglacial bed and probably at a considerably
higher level.

This valley is very easy of access. It is traversed
both by the only highway ascross the Cascades in the state,
and by the‘main line of the ahicas&, Hilwnnkae, snd St.Paul
railroed. Shortly after the topogrsphic survey, the comple-
tion of the Sunset Highway rendered the o0ld road useless.
Consequently the suthor, in the geologic sheet, has obliter-
ated the 0ld road and in its place has shown the appraxiﬁat#
course of the new highway. '

Many of the railroad and road cuts furnish excellent
exposures. The river, itself, especially at the western mar-
gin of the valley, affords important outcrops. For more de-
tailed work, however, conditions are far from favorable. The
tributaries are mostly short and very steep, remdering ascent
difficult and in many places practicslly impossible. The
valley bottom is so well watered and frequently so poorly
drained that the vegetation is very heavy. Even the old high-
way, although in disuse for only éams ten years, is already
so overgrown that it is of little help. In many cases the
devil's elubs have completely obliterated itAand have render- |
| ed its use impossible.
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Plate 5,- On the south side of the

upper part of Cedar
River Valley. Typlecal
talus slides in the Py-

roxene Diorite phass of
the Snogqualmie Batholith.




For the most part the easterxn end of the valley and the
distriet southwest of the lske sre heavily wooded. For the
first thousend feet, st lesst, the northern side of the lake
has been stripped of ite timber and eparafibnﬂ are being con-
timed both mp the valley snd on the south side of the lake.

The esstern psrt of the watershed hse for the time being,
boen made more sccessible by the logging reilroads that are
in operation. Although there sre numerous old trails in the
distriet the ome on the morth side of the river is the a#ly
one that is kept in condition.

'j(}'ving'to s futile sttempt to emlsrge Gedsr Lske by the
building of the Few Dem the lower part of the valley has come
into considersble prominence. The effect of the great flood
that broke through the morsinal deposita~is still eleérly
seen in the huge scar just west of Ragnar Hill. The water
which s8till gseeps through this scer ie the source of a large
afoek thet now forme the main body of the original stream in-
dicated on the map. In coneideration of the date of this ca-
tastrophb the entire stream ie locelly known ss Christmas
Creek, ' | |

Agide from this hiatcric 1nferest, the northern end of
the valley ie of considerable phyni@graphia,importsnca. The
A-lowur part of Cedar River flowing et right angles to thé ai-
rection of ite wpper drainsge leaves the ares in & well de-
fined valley cut between Rattlesnske ledge snd the mountsin
mase to the west of Cedar Leke.

Cedar Take Valley lies parallel to what little definite




structure is apparent, while the ,JJower Cedar River outs across

it at right angles, At some time in preglacial days at least
part of the Snoqualmie drainage mmet have cut through this |
mountain mass as o mester consequent, while the uppér Cedar
River s a tributary bore a subsequent relationship. Although
the Middle Pork velley is directly in line with the lower Ce-
dar Valley, the presence of the resistant northern extension
of Crouse Ridge undoubtedly indicates & preglacisl barrier to
aﬁy direet route. At the same time the relation of the ldd-
dle FPork to its own lower valley does not suggest sny recent
change. :

Erbbably the South Fork played the role of the master
consequent until the glacial periocd. Then the ice of the
upper Cedar Valley rode across the main river channel and,
perhaps thenks to some other subseguent valley oppesite, ad-
vaneed for & couple of miles beyond. The morsinal deposits
of this glacier naturally completely hloekaa the South Fork
drainsge end diverted it to the velley of the Middle Fork.

A recessional morain was undoubtedly responsible for
damming the valley which had been previously deepened by
glaecial gougling. A éare genersl factor, however, must have
been respoasihle for the rether flat lying surfsee of the de~
posits between the fifteen snd sixteen hundred foet contours.
This elevation exactly correspends to that of numerous ter-
rages exposed in the asrea. The ﬁrinafpal exasmples of which
are found north of the Widdle Fork east of liount 85i, and

just south of the town of Cedar Fallse. This concordsnce of
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elevation must be due to a large temporary post glecial lake,
which was probsbly part of the greut system formed by the
blocking of the Puget Sound drainage by the retreating conti-
nental glaciers at the close of the period.

With the subsidence of this body of weter, the outlet of
Cedar Lake had to cut & new chamnel in the unconsolidated ma-
terial that blocked the valley. While still in the initial‘
stage of this sction the river, in swinging towsrd the aonth;-
became superimposed on its former wvalley ;all.' Although now
the wster is diverted for power, the deep gargs through the
rock and the sharp drop at cadsr Falls to the old consequent -
valley below indicate a very youthful stege of developmnnt.

This reeult of ahanca preserved the lake which otherwise
would long sinece have been drsined by the rapid erosion of its
outlet in the soft glacial soil.
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RATTLESHAKE LEDGE

The last unit to be taken up is Rattlesnake Ledge. This
lies north of the lower aaﬁam.Rivnr. Bounding the area on ;
the west, it has formed & retaining wall that has undoubted-
ly tended to incresse ithe mass of glacial debris in the open
section east of it. '

| The suﬁmit of Rattlesnake Ledge is near ite southern
ond, There it reaches over tnirty-five hunired feet, bresk~
ing off in & sharp escerpment to the east to the morainal de-
pogits some twenty-five hundred feet below. This escarpment
hss been zccentusted by the leteral plucking of the Cedar
Lake glﬁoiar'dnring its greatest sdvance. The western slope
of the hill is more gemtle and decresses gradually to the
gsouthwest. This mountain, ss the topography suggeets is
formed by a formation dipping to the scuthwest, Towards the
northwest the height decreases to two thousand feet snd with
it the escarpment ic the east. The moreinsl meterial strewn
up the esst side for s thousand feet or more hes naturally
 tonded te modify the topography.
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PANDEHM CIRQUES

The tandem eirques developed in the steep glacisl val-
leys of the Cascades were mentioned in the &eearipti@n of the
Pratt River region. Apparently this feature hes not been de-
scribed or accounted for in the literasture. In consequence
the suthor will digreees tc state a theory that may logically
account for their occurrence. |

It ies generslly granted that & glacial cirque owes its
origin to the "bérgsahrund," & traneverse crevasse that al-
ways forms at the heed of a glacier. The water from the
melting ice on the surface of the glscier rune down this
crevasse and percolates into the joint oracks of the rock.
with subsequent freezing the iee pressure loosens the blocks,
which are then carried off by the moving ice. This process,
which is known s glacisl sepping, is indefinitely repeated.
As thie goes on, the upper blocks thus undermined fall easy
victims of the glacier.

The sapping always tends to form a vertiecal wall at the
head of the glacier. AAt-tha ssme time the downward abrasion
by the glecier is rendered especially efficient by the angu-
lar joint blocks from the wall., The maximum effect, obtained

before the bloecks are deeply incorporated in the ice, is usu-~

gelly sufficient to sctually reverse the drainage, forming a
leke basin in the center of the glaeciel amphitheatre.

The Alps and the Roecky Mountaine furnish most of the
text book illustrations of 1&11&3 glaciation. Here the
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typical glacier on emerging from 4ts eirque follows a fairly
even slopi to its terminal moraine. In the Cescsdes of Wesh~
ington, however, many of the valley glaciers sre character-
ized by a series of two or more cirques, which are referred
to a8 "tandem cirques.” These apparently have been descrihed
as features of Alpine glaciation.

In the typical valley glacietion of = fairly gentle val-
ley, the'glacier would emerge from the cirque bssin and com-
mence ite gradusl descent without any marked diesturbance. In
the #ery rugged topogrephy often found in the mounteins of
the Northwest the grade of many of the valleys is extremely
steep. Here the ice emerging comparatively flat from the up-
‘per basin must be transversely fractured on again commencing
its steep descent. Sapping would then commence along the
bottom of this second bergsehrund. Gradually a second cirque
would form slong this line eating back into the basin of the
upper one.

Then in turn depending on the original slope of the wval-
ley & third cirque in = pimiler memner may form at the trans-
verse crevagse where the glacier buée more commences ite pre-
cipitous descent from the szecond bas&h. The finsl result
would be & series of steep stepe in the velley even if the
preglacial floor had been comperatively smocth.

The preglacisl topography and the variations both in
nardness snd in jointing of the rocks would heve considerable
bearing on this type of erosion. In many cases in the Cas-

cades, however, the tandems sre cut wholly in homogeneous
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Mount Defiance from the scutheast.
Kullakulla Lake, at its base, is
formed by the upper eirgue. The
lowsr cirque breaks off sharply to
the right.
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Snogualmie Gramodiorite. This fael eliminates variation in
roeck structure as a naedaaary feetor in the formatiqn of this
‘glacial feeture. = |

At the 1uwAelavntiens‘¢f the Cascade valley glaciers,
the tendency towsrd dsily surface meltinmg on the upper part
of the glaseier would natursally be fer greater then in truly
Jaruti@‘glauiﬁtion or at the high elavatiods of the many ice-
ziolﬂé n! Europe and the Rocky Mountains. The smount of
wsker trickling down the bergechrunds during the warmth of
the day would undoubtedly largely control the repidity of

sapping and the formation of tandem cirques.




 Plate 7.
Tlie initial stage of the

first cirque.

Formation of the second
bergschrund with incipient
sapping of ti.e second cirque

at its base.

In like manner tlie initial

stage of the third cirque,

The final result on the

given slope.

Longitudinal profile of a valley to illustrate the

Lypotietical development of tandem cirques.
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TWIN FALLS FORMATION
GENERAL DESCRIPTION AND OCCURRENCE

The oldest formation in the ares is a series of sedi-
ments which the suthor hes named the Twin Fells Formation
owing to its exposure at the Upper Falls of the Smoqualmie.
It is 8 series several thoussnd feel inm thickness made up
1args1y ef fine greined quartsites and argi;}itun with a
minor smount of thin bedded cﬁnrt.

This series lies in the nhrth central part of the area.
The principsl exposuree eare south of the Kiddle Pork snd par-
allel to it. Here it forme the northern slope of the moun-
tain msss between the two forks of the Smoqualmie. Close to
the crest line comes the contact with the intruding Snogqual-
mie Batholith. It tends te form a rugged topography that at
times stande ont in merked eanfreet te the granodiorite.

It outerops sgain in the valley of the South Fork form- .
ing the Twin Palls, and continues up the side of lount Wash-
ington in the same general trend as far as the crest line.

In these exposures the northern mergin is intruded by the
lMount Si Complex, while the south eastern is overlain uncon-
formebly by Keechelus Andesite. Om the erest line the forma-
tion may extend higher than mepped, although considerably
ghort of the summit.

Two other exposures occur in the area in contasct with
the Mount Si Complex. Horth of the Middle Fork asbove the
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glacial terrace contorted sedimemtaries are exposed. Direct-
1y south of this, the northern extension of Grouse Ridge is

- formed by & contact between the two formstions. The result-
‘ing induration probebly increased its resistence. This fae-
tdr‘nn&aabte&ly contributed to the glaciel deposite to the
south on Grouse Ridge snd to the north in the glaecisml terrace
acrose the Middle Fork.

The formation is often too contorted to permit & satis-
factory a&termination of its inclination. In general the ex-
posures of the morthern part have & strike of approximstely
esst and west and a dip of forty to forty-five degrees to the
south. At the South Fork the strike on the average has swung
around to & more nearly north snd south trend with almost
vertiecal beds. In these readings the strike of the individu-
el bed in the same general exposure frequently varies comsid-
erably.

PETROGRAPHY

"~ The formation consists mainly of dsrk gray guartzite and
black argillite. Frequently they are thinly interbedded.
Thinbedded chert forms a minor comstityent.

'Ths_quartsite ie composed largely of angular to sub-~
engular guartz grains averaging about four hundredths of a
millimeter in dismeter. Ilmenite or magnetite grains form
tha_ﬁnat common agcessory, with an occasional frsgment of
feldspar. P P

§ear the contact with the Smogquslmie Batholith the
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guartzite is to & large extent recrystallized to interlock-

ing grains. Here the rock develope & marked conchoidal frac-
ture. A predominant festure of the indurated quartszite is
~the formation of minute flakes of biotite of & reddish browm
variety. Although typical in other respects the reddish
tinge mey be due to thé presence of titanium in the iron
oxide dust. |
The argillite is e black very filme-grsined rock that

ususlly has s very promounced irregular foliated cleavage,
rendering it axtrem@lx friable. The Snogqualmie batholith
uiuoxﬁed it to & herd aphanitic rock, but the Mount 8i in-
trusion spparently resulied in = maohénical rether then a
chemical change. In thin Seétion it shows & high carbonace-
ous content with only sn occesionel minute quariz grain. Its
fine grain end extremely high carbon comtent render it very
sensitive to pressure., It ususlly exhibits contortion to a
_greater or less degree. The incompetence of the srgillite in
comparison to the quartzite ie clearly shown by sn exposure
on the South Fork at the llount 51 contact. The butcrep is »
lergely of argillite with thinbedded gquartszite. Diastrophism
resulting from the intrusion has left angular blocks of the
guartzite jmbedded in s contorted msse of ergillite that ex~
nibite marked limes of flowege, giving it the sppearance of &
tarry mass. '

| ‘The only exposures of chért iere at thc'Twin Falls.
| Just above the lower falls light buff colored chert cuterops
in & thinbedded o@ntorted exposure. Aithgngh it yields no
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limestone, the presence of bedded chert and the homogeneitly

of the strate suggeste 2 aerine origin. Unforimnately, in
spite of rumors of s fossil loealitly in the vieiniiy of the

Twin Mmllwg Be trace of say life was found either in the

field or in the thin section te prove the age or origin. In

mach of possibllity for the survival of
foesil indicstions af?%r the intense regionsl aznd locasl meto~

morphism is somewhat
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RAGNAR VOLOANICS
GENERAL DESCRIPTION AND OCCURRENCE

, Probably next in time comes the volcanie formation which
the author has named the Ragnar Volcsnies, owing te its ex-
poaure on'the Chicago, Mllﬁunkee trucks near the tool house
that constitutes the station of Ragnar. It 1s & tino~grudﬁﬁd
rock apparently chiefly of a basic andesitic nature, although
sdma of the rock mapped with it, is largely = mass of laedna~
ary femiecs thet suggest a etill more basic type. It shows
both flow and sgglomeritic fhases.

Just west of Mount 5i, it compricee the bulk of the smell
sharp bill that rises almast ag8 a part of the mountain to =ome
thoussnd feet above the river. Here the contact with the
Mount 51 Complex is in the esmell so0il coversd valley that sep-
arates fhaﬁ. The rock exmuﬁed in the steep esstern wall of
the small hill is & highly silicified flow rock cut by dikes.
Thie eeme roek, only less indurated, is exposed continmuously
to the south for over a quarter of & mile. For that reason

the hill may be in plsce, although the sherpmess of the con-

tect and the genersl physiesl appearsnce suggest that it may .

heve been sn immense block that has slid from the upper
slopes of the mountain. Ais yet sufficient work has not been
‘done to possibly correlaste it with any h15har exposures.
Roof pendants of a fine-greined green schistose rock were
found botﬁ on the eastern side of Mount Si and st the margin




of the erea at about the tweaty-five hundred foot contour.
They strongly suggest flow rocks, but their extreme altera-
tion does not permit conclusive correlation.

To the south in a rather similar manner these volcanies
form & large pert of Regner Hill, Here the geology is quite
complax; The hill is formed largul& of fine-grained ande-
sitiec flows and sgglomerates intrﬁd&d by & dioritic phase of
the tount Si Complex. Doth of these formetions ere highly
altered to & very friable mess of greenish femice cut by in-
mnerable fine stringers of e white materisl in part of car-
bonates. This zonme of alteration renders a definiée contact
indistinct.

Overlying this formation are well defined flows and sed-
imentaries of the Xeechelus Series. These lack the white
veing fhat characterize the contset phese of the underlying
rocke. On the esstern side of Regnar Hill fresh acidic and
lamprophyric dikes sre exposed cutting the old contect rocks
and probsbly aiding in their decomposition.

Two other outerops emerge from the mass of glacial debris
that separstes the two msin exposures. Both show the fine-
grained frieble grecn uotsmorphic type 1ﬂentic#l to Ragnar
Hill. In the morthern psrt of esch coarse-grained rock of
the lount 51 Complex intrude the greenstone. On the North
Bend-Cedar Falls road, & seriee of shallow cuts just south
of the Sunth’Fark form one set of weathered exposures. The
falls on Christmas Creek about & half mile below the railrosd
bridge form the other.
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PETROGRAPHY

In the field the less sltered rock often closely resem-~
bles quartgite. It is a fairly derk gray rock with sn even,
fine-grained texture that is usually free from phenocrysts.
Qecasionally lathe of feldspar are viesible with a hend lens.
The sgglomerate exposed at Rsgnar Hill is of a2 lighter gray
with small angular to subangular fragments that give it a
very irreguler fracture. One guite gemeral type is altered
and weathered to & green earthy mess that is irregulsrly
veined and spotted with a soft white substance.

In the thin section the fresh roek exhibits chiefly fine
thin laths of andesine in a ground origineslly largely ef
glass, now a mass of secondary quartz clouded with kesolin and
accompanied by secondary femics. The feldspar ususlly shows
distinet flow allignment. The femics are primeipally a fib-
rous amphibole, probebly sectinolite, with ususlly = minor
smount of chlorite. As a rule, these are ancqmﬁauied by il-
menite grains partly altered to leucoxene and rutile.

The agglomerste has fragments sversging sbout helf =
gentimeter in dismeter. The individuels sppear very homogen-~
eous. They are slightly more truly andesitie than most of
the fnrmation. An earlier generstion of plegioclase is in-
‘dicated by small kaeliniﬁaa phenccrysts. The decomposition
of the glass formed chiefly kaolin snd gquartz with s far lower
femic content. The cementing materisl is an opaque white to

brownish substance, prﬁbahly of iron stained kaolin.
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.
NORTH BEND FORMATION
GENFERAL DESCRIPTION AND OCCURRENCE

| The'ﬂorth Bend Pormstion is determined om purely litho-
logiec grounds. There is no paleontelogicsal or stratigraphic
evidence. In consequence, it may contain deposits of more

than one period. Its sediments sre thought to be derived in

part from the erosion of the Twin Falls Formation. The finer

beds are all high in chert, while its conglomerste e&ﬁta&aﬁ
argillite. This fact, slthough not especislly comvineing,
forms the basis of correlastion. In sddition, the degree of
both classificetion asnd consolidation is usually considerably
leses then that of the esrlier series, '

The principal exposure thet furnishes the neme for the
formation, lies in s felrly narrow strip that extends for
about & mile southwest of North Bend. Here it forms most of
the low rounded hills that riece aﬁruptly from the flnoﬁ plain
of the Snmogualmie &t the northern end of Rattlesnske lLedge.

te contagct with the overlylng Keechelus Andesite is confused
both by gleeial deposits emd & heavy second growth. A con-
tact with the lount 5i Complex to the east haes not been lo-
cated, but .the high content of chlerite both there and in the
small exposure on Mount Washington strongly suggests that it
'mnst.ba older than that intrusion.

The other sedimentary outcrops that the suthor deccribes

may not be relstdad te the main exposure. They all are too
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inaignifiaant to demand separate.classificstion. For con~
venience, & genersl family relationship permits them to be
classed together. Hone of them is sufficiently large to mep.
Although a couple of exposures were closely associated with
the older series, their relationship with the Twin Falls
Series hag not been definitely proved. Thiz entire formation
wag invariably found to bé mespive, and not once 4id it per-
mit any determination of its inclination. Additional out-
erope, however, might prove fruitful.

~ South of thé Middle Fork nesr Horth Bend Timber Compauy
camp, 8 aanglnnnraie, containing wany pebbles of argillité
in a well consolidated sand, is exposed in a shellow railroad
cut. The argillite is typical of the nearby rocks of the
Twin Falls Formation. Its schistosity in the conglomerate
shows no common reletiomship. Therefore, since the metamor-
phi#ﬁ mst have been prior to the later deposition, this bed
mast be infinitely younger than the main series. 3But con-
elusive proof of correlation of this exposure with the mein
body of the formation is impossible. _

At the upper of the Twin Falls there is a sﬁsll exposure
of a roek that lithologicelly resembles this formation far
_more than the Twin Falls series. Appsrently it is resting
unconformably on the upturned older strsta.

Again on the crest line of lount "Washington cousider-
ably below the Twin Falls Formastiom & similar rock outerops.
Both in thekhand and in thin section it ie almost identical
to the type near Horth Bend.

s
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PETROGRAPHY

The rocks clsssed in this formetion aré charscterized
by rather poorly classified graiuns averaging sbout three
tenthn a£ a millimeter in dismeter. The grains are prineci-
pally of quartz snd chert with minor amounte of undecomposed
feldsper and occasional grains'of femics. They sre very well
congolidated, but as = rule #ti1ll show their original outline,
even under & hend lens. The roek usually hes = high contgnt
of fiﬁraua chlorite, which gives it & prononnced green tint.

The main expoesure is highly veined with caleite,

AGE AND COREELATION

Umfortunately any attempt to establish the age of this
formation muet at present be largely hypothetical. Probably
at least the mnin ounterop is of the early Mesozoie. Its sedi-~
.ments appear Lo be derived from the Twin Fells Formation,
which may well be of the late Paleosoic. Ite prineipal ex-
posure is slitered by the iount Si intrusion that is presum-
ehly part ét the post Juressie batholith.

Lithologicelly it has no resembleance to sny formation
described in nearby areas. I1Its coarsenesg and poor clsssifi-
eation prove it undoubtedly to be of neer shore origin.

Since there is no suggestion to the contrary, it wse probably
formed as 8 small lake deposit.




A BATHOLITH

Before taking up the remaining igneous formations it
will probably add to the clsrity of the description if the
resder be acquainted with the modern conception of & batho-
lith. For this resson the suthor will digress to review
briefly the recognized stages of an intrusion and of its
sccompanying volcenies. Although deteils of the physiecal
mechenism are still subjeet to dispute, it will be best first
to sketoh the generally accepted principles.

It is generally acknowledged that s batholith adveances
chiefly by s process of megmetie stoping.* The stresses end

*Daly, R.A. Igneous Roecks and Their Origin. 1914. pp.l194-208.

tensions pro&naad.by the differential expasnsion of the over-
lying rock are coneidered sufficient to pe:mit a repeated
shettering of *ke roof rock. This differentisl expsnsion is
due largely to the low temperature gradient and the varying
rates of conductivity of different rocks. The large blocks
thue loosened would sink to ebyssal depth before assimilation
snd therefore would not immediately alter the composition of
the intrusion,

Probsbly the first stage of the intrusion is as a basalt-
ic wedge following some line of weekness while the overlying
rock was under tensiom., Although extremely hot this megme
‘would not be ss cepable of stoping or resbsorbing the coun-

try rock as its later differentiates. The bgaaltie lava is
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80 heavy even when it is expanded, by melting that blocks of
the overlying rock loosened by shattering or heat expansion
would be unable to sink in it. Then again, the limited zone
of alteration of a gabbro indicates a dry melt. Without vole~
tile constituents it would be slmost impossible to conceive
of sufficient heat to melt sway the roof rock.

With eooling it has beenlprovea that the femic minersls
are the first to ecrystallize. Then with theirheary gpecifie
gravity they sre bound to sink in the =t11l molten masgms. Any
gases included in these minersls are largely given off when
the erystals form. As the differentistion by this frsetional
erystalligation contimmes, the remeining magma ic rendered
more and more fluid by the incressed percentage af<tha vola-
tile conetituents incorporated inm it, even though the sctual
temperature is lower. At the same time, with the removel of
the heavy metallic elements, the specifie gravity of the mag-
ma decreases.

These physicel chenges would equip the magme with in-
creasing efficiency for stopimg. In the lighter melt the
blocks would be sble to esink. At the same time the gases
constantly becoming more congentrated womnld increase the
gone of slternation as well s& the ocessional explosive effect.
The batholith should thus sttein ite meximum intrusive effici-
ency when it reaches 1#5 most acidic phsse.

A batholith® as now conceived is formed by the irregular

*Bumone,W.H. Transactions of American Institute of &ining &
Hetallurgical Engineers, Vol.lXX, pp.975-~980. 1924,



sdvances of one megme during s lomg continuous pericd of d4if-
ferentiation. The irregularity of outline of these fluetua-
tione, slthough in genersl emlarging the chauber, might per-
mit here end there the survival of a more besic phase slready

’aolidifﬁsd slong the margine or in the more isolated stocks

and cupolee of the esrlier stages. Wherever the offshoot of
an intrucion breeke through the overlylng rock volcanic ac-
tivity results of & type corresponding in composition to the
stoge of differentiation of the plutonic mese. This inecrees~
ed overburden frequently permits the lster etege of s batho-
1ith to intrude its own esrlier voleanios. :

The initisl stege of ell intrusions 1s es the primsry
basic megma, while the final product of the cycle 18 a srunQ
itic rock. In 1lke manner the corresponding volosnics range
progressively from baselt to the more scidic types. Tremen-
dous veristion in the finel result is permitted without eny
gpecisl change in the genersl process. In one case the inut
sdvance might remove all indicaotion of the earlier stagee of
intrusion and leave a homogeneous grenitic rock. In some
other inetances troces of moet of the intermediste stepe may
gurvive. In adﬁitian' owing to chilling or other contingen~
cies, any stage of the intrusion msy be complicated by ite
own border phasee se well as by ite offshoot dikes.
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HOUNT 81 COMPIEX
- GENERAL DESCRIPTION AND OCCURRENCE

Intruding into these formations is a plutonic mass that
sppears to be too complex to be evlsesified along any wall'aan
teblished lines, It is mspﬁed here ag the llcunt Si Complex
which at present seemS'justifiablef Although the rocks are
remarkably'varie&. for the most part, they show & family re~
lationship. A large‘part of the rock is s plutoniec or 1njéc~
tion brececia. The charscter of the injected materisl wvaries
fron a gebbro &;orite type to 8 cosrse grained rock resembling
8 grsnodiorite. As an average, the rocks are nesrer te dio-
rite, elthough the fibrous hornblende usually present suggests
s urelitiec origin.

Petrographically much of the rock suggests a dike type
rather than & plutonie, although the grester part hes suffer-
ed so much metemorphism as to hide its original features. The
bulk of the rock has been distorted to a greater or less de-
gree. Some has developed a gneissic structure with well de-
veloped parallel banding. Other is contorted to s confused
irreguler mass that gives mo suggestion of its original tex-
ture. In some of the breccis the pressure has been suffiei-
ent to éi#tort greatly the inclusioms, while in others the
blocks retain their originasl angularity. .

More than one sge msy be present in the rocks mepped
a8 this formatiom, but it would require very detsiled work



under far from ideal conditions %o prove anytlhing conclusive.
A field determination of the extent and relatiomship of the
different units might form some definite theory for the oe-
eurrence of the mass, but the local variations snd the meta~
mﬂrphihm would rehder the success of such an attempt proble-
matiesl. Uufortunately the rounded westhered exposures of
ount 51 ususlly furnish no clue te the many variations with-
out the aid of s hammer, |

Probably the complex is the resull of superinposed bor-
der phases end dikes of the post Jurassic Index Granocdiorite
to the north. The brececis may be the result of the injees-
tion of the offshoot dikes or of the intrusive itself inte
the country rock or more usually into ite own esrlier border
phases. The intense diastrophism thet hes since taken place
would naturally sdd to the confusion. Additional correlstion
to the north might prove this hypothesis.

The prineipal exposure omn the southera part of lount 51
gives the formation its name. Directly to the south this in-
trugsive lies at the base of the northwestern slope of licount
Washington. Through the glaciel deposite that lie between
these, the Ibrmat;on outerope in several localities. This
suggeste thet it mey be contimuwous. Judging from the boul-
ders in the glaecial deposite below Cedar lLake, the lount 8i
Complex must also underlie the lower end of that valley.

The complex intrudes the Twin Falls Formetion on the

east, snd the Regnar Voleanice on the west. As mapped,
the contaet on both sides sppesrs very regulsr, but with more
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detail minor irregulsrities wounld be spperent. On the north-
ern extension of Crouse Ridge the exposures along the orest
invariably show a contorted contact phsse of the intrusive
or the sedimentary. Just esst of this suggestions of bedding
appoatﬁa to be at right angles to the contact. The strats of
the Twin Falls‘Fermaxian-at‘the South Fork, hﬂwavui; seem rough-
1y fa perallel the contact. This factor probably has some
bearing on the intrusion, which otherwise exhibite no sugges~-
tidn of a eill-1ike origin. .

Two other small expésurea were located. Boih show the
intrusion of the Ragnsr Volcanies. One is on the North Bend-
Cedar Falls rosd just sbove the South Fork, and the other at
the FPslle of Christmes Creek.

In seversl places the complex is cut by rocks of the Smo-
qualmie Batholith. Im the velley of the Scuth Fork just be-
low the Upper Falls a fresh gabbro is exposed intruding the
complex. Along the Chieago, Ei;wankee tracks nesr Rapgner
freeh acidic and lamprophyric dikes of the Tertiary batholith
cut the highly metamorphosed esrlier intrusion.

- PETROGRAPHY

Petrographically the types of roeck composing this forms-
tion are so varied that they render o compreheneive descrip-
tion almoest inexhoustible. The author will briefly describe
" a few types that sppesr to be the most widely distributed.
Unfortunately, the part the different units plsy in the com~

plex csmnot ususlly be stated, since in many cases metemorphism
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hes #e greatly sltered the textuge snd the mineral content
that it is fapossible to establish the originsl rook type
with any degree of surety. |

Probably the most uniform rock is & gneiss that verles
from a diorite to a granodiorite. It forme the predominent
type along the railrosd from the Twin Falls contsct to Just
fﬁéut of Ragnsr. Usaally it ie 2 medium grained roek that
shows pronounced thin banding of fairly derk femioce with oce-
casionally vieible guertz grains, At the base of the south-
ern end of Mount 851 1t is also expoved. Here ﬂ tends into
a more noidie (Plate 10 plutonic breceis, which lacks the ex-
treme regularity of banding that charsoterises some of the
exposures to the south. Although the banding in the breceis
may be partly due to flowage the freguent distoriiom of the
xenolithe proves the intense diastrophism. »

In thin section the averasge epecimen is quite seidie,
but the guerts ae o rale spposrs sccondery. The most typicsl
ghowe coeyse roughly rounded individuals of andesine and
. smaller irusn‘lur fragmente of common hornblende in & ground
of fine grained interlocking gquarts.

The plegloclsse is slways more or less sltered to saus-
gerite snd ksolin, In extreme csses the feldeper iz com-~
pletely replsced by a seni-opaque cryptooryetelline sggregate,
which usually tends to preserve treces of the original twin-
ning. 4is s rule, the imdividusls of plegioclese show & pro-
pounced slignment. At times the wsvy extinction indicates
the extreme distortion. A few specimens undoubtedly show




Plate 10,~

Crenodiorite gnelss phase of the lount Si Complex.
with plane polerized light x 13.5. Highly eltered plagio-
clase, probably oligoclese, (f) with much interstitial quartz

{Q)e Hornblende (h) largely sltered to chlorite (ch) eand
serpentine (spl.
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primary cquartsz, but ususlly it 18 in s fine mosele, which if
not wholly secondary at least is recryﬁtalliﬁl&. The highest
percentage of the fine grained gquartz together with esleite
occurs in the zone of altaratiﬁn-&f the seidic Snoquelmie dikes
east of Ragnar Hill.

The hornblende in this type of gneiss generally was
thought to be primary. As a rule, it is in small irregular
individusls with spproximately parsllel oriemtation. Usually
bleached hictiteris aggoelated with the hormblemde probebly
as an slteration produet. In badly altered specimens the re-
maing of femiee are indicated only by loesl concemtrations of
magnetite grains and chlorite. Serpentine and epidote are
quite common asccessories.

Hear the Ragner Volecamioa on liount 8i, & coarse grained
rock of o more basie charscter is the intersticisl member in
& breccia. It ié nesrer to & gabbro or a gabbro-diorite. Its
appesrence when etched by weathering renders it quite distine-
tive, for then the femice, probably due to their high aontént
of iron oxide, stsnd out in merked contrast to thp kaoliniged
gray plagioclase.

This type (Plate 11) exhibits about equal percentages of
femics and labradorite in & hypidiomorphic texture. The feld-
epar, which is highly sltered to ssmeserite and ksolin, is
peculiar in having innumerable fine particles of secondary
megnetite fbllwwiﬁg ite clesvage cracke. The femice comsist
in part of primaxy'hornblsnas with a feirly lsrge amount of
uralite that ies distinguishable with difficulty from the




Plate ll.~ Cabbro-diorite phase of the llount S8i Complex.
With plane polarized x 13.5. The plagioclase (pl) is labra-
dorite largely altered to ssusserite and keolin. Secondary
| iron oxide follows the cleavege cracke. Hornblende (h) ap~- .
parently ie larpely primery. linor esmounts of disllasge (di)

in part altered to uralite. large grains of ilmenite (11)

partly sltered to leucoxene.
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remnents of diallege. Large grains of ilmenite, partly alter-
ed to leucoxene and rutile, sre prominent as a primary con-
gtituent.

In sddition somewhat finer grained dark colored phases
are exposed in the sres. They are found chiefly near the
Grouse Ridge contact, sgain on the higher exposures onm Mount
81 above the plutonic breceis, and also on the Cedar Falls
road just south of the South Pork.

For the most pasrt these phases are too greatly altered
to be definitely determined., OCneissic alignment and occas~
ionslly grsnoblastic texture ususlly indicates that the orig-
insl structure has suffered rearrangement, In thin section
common hormblende snd highly altered labradorite proved to be
the chief constituents. Perhaps owing to complete recrystal-
lization the smphibole ususally fails teo show s urslitie origin.
Occasionally sugite and hypersthene are still vieible in a
masg of the customsry slterstion, All the most common of the
gecondsary femics are almost invariably present.

AGE AND CORBELATION

The Sierra levada Disturbance at the close of the Juras-
sic hes long been recognized as the principal period of bath-
olithie intrusion along the west coast of North America. In
adjocent areas varicus phases of this general intrusion have
_ been dssoribed under local names. '

On the southern psrt of Vancouver Islismnd C. H. al'ﬁﬁ:

*T.H.01lepp, Southern Vancouver 1slend, GeOLl.ourv.of G 2,
Memoir 13, 35-38, 1912,
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the Turtlebsck Complex. Juet as the Sen Juen Rock forms the
marginal phase of the Saanich Granodiorite, this formatiom
probably is the border of the Index Grma&ioﬁta, which Dr.
Weaver haes described as lying within fifteen miles to the

north.



EEECHELUS ANDESITR
GENERAL DESCRIPTION AND OCCURRENCE
The largest formstion in the ares is the Keechelus Ande~-

gitie Series, which has been previously deecribed in the Sno~

qualzie Folio®™. It is part of one of the moet extensive rock

*Smith G.0., and Calking, ¥.C. bnaqnalmie Quedrsngle, U.S.Geol,
Surv. Folio 139, 1906.

magses 1ﬁ the Cascades. This series practically bounds the
ares both on the south snd on the esst. Although ite rocks
et present are remarkahiy varied in their physieasl appesrsnce,
they can he.alazaed largely as andesite.

.~ In the adjscent quadrangle, hypersthene andesite with
| scme &anito.forns the bulk of the series while basalt and
rhyolite contribute & very minor share. In the limited ares
covered in this report the rock ie slmost wholly andesitic.
- The basal members of the series are classed es basic andesites,
while the great mass of later extrusives are of more acidic
fragmental materisl of the same type. No rhyolite, however,
was observed by the author and only one small flow of dacite.
With these extrusives were interbedded a few small lake de-
posits formed of water laid volcanic meterial.

Although complete proof will not be offered until the

elose of the paper, the suthor considers thaet the wvast bulk
‘ of the fragmental material was formed by the de-roofing of
the Snoqualmie Batholith during its final great sdvance. The

eruption of this tuffeceous materisl would have been caused
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Plate 12.~ Basic andesite cf the Xeechelus Series from the
south side of Cedar River. With crossed niccle x 13.5.

Large corroded phencerysts of sugite (iu) intergrown with
labradorite (lab) in & ground composed of fine laths of feld-
epar in & devitrified gless. Augite is pertly eltered to
actinolite (act).
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by the explosion of the gaees imprisoned by the repidly sol-
idifying sndesitic cap which would constantly endeavor to
close the wvent. The great loss of volatile constiituents
resulting from this eruption would have ceused a premature
solidification of the deep seated magme. Thie neceesary ces-
sation of differentistion would explain the leck of the more
scldic lavas which would have been expected to end the normal
cyele.

Except for very basie types, andesite flows are undoubt-
edly highly viscous, for they lack the heat of the more basic
lavas and the high content of water and other gases of the
more secidie flows. This viscosity, together with its conse-
quent fragmental meterial, is bound to csuse a very uneven
distribution of phases. Owing to this irregularity the ocec-
cesional interbedded lake deposit furnishes the only definite
¢lue to structure, but only three such deposits were located.
- One, exposed in the cut at tﬁn llew Dan Site, ha®s been previ-

ously described by Dr. Weaver. * The others ere om Fish Creek

*Wea.wr, CeBBse Wash.Geol.burv.Bull.No.13, p.233,

end on Mount Washington opposite the summit of Regnar Hill.
At the new dsm and on lMount Washington the beds show = dip
of some thirty degrees towards the southwest.

Thie parallels closely the inclinetion suggested by the
- escarpuent of Rattlesnake Ledge.anﬂ the western wall of Fish
Creek. If sections of a single consecutive series are repre-

sented by this structure, the formstiom, with ite base &t
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Ragner Hill end ite upper members, west of Pish Creek, must be
spproximately sight thenssad feat thiek.

The intrusion of the Snoqualmie Baﬁhulith had & vast
effect on this formation, Owing to the susceptibility of
the agglomerates to slterstion the eppearance of the forma-
tion elong the contect is very different from that of the
unindurated type to the southwest of Cedar Lﬁk&. liear the
intrusion the agglomerate forms & very resistant rock that
results in & rugped crestline topography. In merked contrast
autai@erthe zone of slteraticn the fragmental rock develops
into a deeply weathered type, that produces & far more even
profile. _

The great mumber of offshoot dikee of the Snogualmie
Batholith add to the irregular topagraphy of the bordering
andesite. In mnéh of the gountry north of caaam‘Valléy the
dikes may form an even greater mass th&n the intruded rock.
For thie resson the contact is clearly toflectea in the con~
tour of the crest lime in contrast to the more wegular out-
line of the massive granodiorite.

In the valley of the South Fork the shoulder opposite
Garcia forms the principsl bresk in the even slope of the
northern wall., It 1s composed of & lasrge roof pendant of the
indursted agglomorate cut with dikes and the border pﬁnaes‘
Across the valley from thie exposure, s similsar structure
forms the precipitous McClellan Butte. Although the crest
of the jaggsd peske east of it were not qug;a;%by the author,
their similerity éf topography as well as their scree deposits
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to the south render their correlation practically positive.

PETROGRAPHY

Patrographieélly this formetion is mot so simple as ite
hnmosaneity-ar type wounld lead one to expect. Nost of the
detailed work was done along the contact with the Snogualmie
Batholith. 7The far-reaching effect of this intrusion re~
sulted in the alteration of a large part of the Keechelus
Series. In consequence most of the specimens examined were
found to be greatly sltered, evenm when they appeared normal
megascopically. Frequently the similerity between the por-
phyrite offshoot dikes of the batholith end the andesite
flows is so great thst field differentistion in limited ex-

posures is impossible. Even in thin section their resemblance

is so striking thet they sre difficult to distinguish.

The average flow rock shows smsll phencerysts of feld-
gpar in a dense ground of = medium shade of gray which, owing
to slterstion, usually hss & pronounced greenish tinge. The
phonesryéts, as & rule, sre of andesine, although pyroxzenes
are slso present. Although the individusls sometimes preserve
a perfect outlinm.uaually they appear broken., The ground
varies from & matted mass of fine lsthe of feldspar with 1it-
tle intersticial meterial to one consisting wholly of o dense
glass which usually is completely altered. Flowsge is seldom
an obvious festure of the texture. . :

A few of the more basic sndesites show no phenmocrysts,
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and in the field resemble basalts, although thin section

proves them to be nesrer to andesites in composition. In
contrast the most scidic rock located is a thin flow of amyg-
daloidal dacite that forms ome of the upper flowe overlying
the Resgnar Volcanics on the western slope of Hount Weshington.
Although light buff in color, it weathers to & dark brown
roeck, which with the leaching of its aunygdules sppeears more
like a vesicular basalt. The rock is composed of a felted
mass of highly sltered fine lathe of plegioclese with numer-
ous small quartz graine that sppesr to be largely primary..

. Plste 12 shows = section of one of the most speﬁtgnnlnr
‘besic flows in the sres. Although it is less than s mile
west of the "pyroxene diorite" phase of the Snogualmie Bath-
olith south of Ceder River it hes not suffered any pronounced
glteration aside from complete davitrifination. It contaius
many phencerysts of sugite up to half an inch in diemeter,
some of whiech are intergrown with lebrsdorite in a gabbroid
texture. Most of the orystals exhibit a perfect outline with
but slight corrosion to indicate an initial stage of reabsarpF
tiom.

‘A large amount of the rock in the series is or'a frag-
mental type, which, away from the contaet with the Snoquslmie
Batholith, forme a deeply weathered mass. The sgglomerate
that has been subjected to partisl induration, however, hes
been rendered so resistant that it still appears fresh. This
fact has slresdy been noted in the Snogualmie Folio.

The gases snd fluids of the batholith, which essily pene-
trated the highly porcus fragmental materisl, rendered the
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zone of alteration very great. Then partially indurated this
rock is light green and well conmsolidsted with clearly defin-
ed fresh looking fragments. With sdditional alterationm it
develops into & humngaaanua dark gray rock with a decidedly
sugary ‘texture. In slmoet s11 cuess the rosk stehes with
long weathering to ghow distinctly the agglomeritie strueture,
although frequently & fresh surface may not afford the slight-
est trace of its originm.

Under a microscope silification is the predominant fea-~
ture of the induration of these agglomerates. Their final
stege consists almost entirely of very fime interlocking
grains of guarts with au ocecasional recrystallized grain of
feldsper. Distributed throughout this mass are inmmerable
atill finer grains of femies, the bulk of which are too mimute
to be determinable. The variations in aonanntratian.pf these
femice a8 a rule furnish the only clue to the original struc-
ture. In some thin sections fine flskes of greem and brown
biotite predominate. In others an undetermined green amphibole
appears to be the prineipkl accessory. Although fairly com-
plete data cleerly indicates an amphibole, the index of refrac-
- tion fails to correspond to thatl of sny described mﬁmber of
the group. In pddition greins of ilmenite partially altered
to leucoxene and rutile ere usually noticesble.

The flows of the Keechelus Series have also suffered
great alteration slong the contact, but thsy lack ihe extreme
results found in the sgelomerstes. The complete devitrifics-

tion of the lavas scross a very broad srea is the most wide
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spread feature. 4ie e rule the glsss breakse down to 2 fine
sggregate composed of quartz grains clouded with keolin, uni
sccompanied by numeroug secondary femies, of which chlorite
vsually predominetes. PFrequently this aggregate is pertislly
replaced by interlocking quertz grains. Although the plagio-
elass is usually highly sltered to seusserite end xsolin it
is geﬂeraily etill determinable. The prim#ry femics sre often
wholly replaced by their common slteration minerals. Of these,
chlorite and fibrous hormblende, which is probsbly frequently
urslitiec, ere the moet uswsl, while irregular grsins of epi-
dote form a fairly common sccessory. As in the sgglomerates
1lmenite snd ite characterietic alteration products sre often

present.

AGE AND CORRELATION

This series of volcanies is & direct contimuation of
the formation described in the Snoqualmie Polic. By means of
fossil leaves in interbedded lake deposits, George Otie Smith
proved it to be of the late Mioceme. It cen be traced in al-
most continwous exposuree across the southern boundary of the
pres. Ite intrusion by the Snoqualmie Batholith is cobvious
along ites entire contact with that body. Although many of
the phases parallai elosely the previous description, the
frequent veristion in the flows snd agglomerates prevent poe-
itive lithologie or stratigrephic correlation. The whole
formation, however, showe a pronounced consanguinity, end im

8 general way exhibits the progressive increase of scidity
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that would be expected in a uanit..
Charles E. Weaver, inm the "Tertiary Formstiocns of West-

ern Weshington"* considered the unindurated volcanics on

*WB aver, CsEBa Wash, Geols 31:1‘? « Bull. 15 s PD» 352"3% » 1916.

Rattlesneke ledge snd also those to the southwest of Cedsr
Leke to belong to & later series that et the earliest might
be equivalent to the final stasges of the Keechelus. This
opinion was largely based om the fact that at the bsse of
Rattlesnske ILedge the sndesite was rsporté& as lying uncon-
formably on quertzite and Snmoqualmie Grancdiorite.

Pairly detailed work in the heavy second growth failed
to disclose outerops of the granodiorite. The unconformable
relationship, however, is due to the fact that the flows lie
on the eroded surface of the North Bend Formation, which suf-
fered intrusion by the Nount Si Complex probably during the
Sierrs Hevada Disturbauce. The suthor believoé that these
basic flows at the foot of Rattlesnske ledge form the initiel,
rother than one of the final members of the Kneahnlns_farma~
tion. In consequence the two geries are thought te be iésn~
tical. Py

If by chence some unlocated exposure of the Snogualmie
Gramodiorite is exposed on Rattlesnake Ledge with the basie
flows of the "Enumclew" resting on it unconformasbly, then
thet formation muet be far younger then the Feechelus. In
the light of esteblished criteris the flowe iz eny series
should become on the average progreesively more acidle. The
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bulk of the Keechelus formation imdurasted by the Snogualmie
Batiiolith is composed of fragmental meterisl that undoubted-
iy represents the upper part of the series. Comsequently, it
is impossible to coneceive of a reversion of differentiation
in the same cycle permitting basic flows to lie uﬁnantnrmnhly
on the eroded surface of s mess that had intruded the upper
more acidic members of the series.

Yet no apparent evidence infers that these two forma~
tions e¢sn be seperate., Prom their very nature two grest
voleaniec series could hsrdly be expected to be bounded by
hard and fast lines. If fha andesites on Rattlesnake Ledge
are later than the Yeechelus, it would seem reasonsble to ex-
pect some itrace of the earlier voleanios between the basal
flows and the metamorphosed sedimentaries om which they lie,
but apperently none exists. At the ssume time, surely some
rermmant of & tremendous series like the "Enumelaw" should
still survive in unconformeble relation with the intruded
Keechelus andesite.

From all evidence this entire series has ag its source
the great intrusion of the Snogualmie Batholith at tﬁs clese
af the IMiocene, At leadow Pass the Snogqualmie Felio reports
8 gradational psssage from apparently extrusive andesite to
pyroxene diorite. This rook the author eonsiders as almost
contemporaneouns with the final phase of the batholith. 4is
will be later explained the author considers that the great
lose of pases sccompanying this series resulted in: n prema-

ture solidification of the botholith. In consequence in
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this instance the cycle was largely completed with andesite

ag its finsl and most seidic phase.
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SHOQUALMIE BATHOLITH
GENERAL DESCRIPTION AND OGCURRENCE

Hext to the Keechelus andesite in sarea and infinitely

- more varied in ite type comes the Snogqualmie Batholith,
which hes pfeviously been described as the Snogquslmie Grano-
diorite in the folio of that name. This intrusion covers
most of the esstern third of the ares and through its broad
gone of slteration and ite imnumerable dikes affects fully
half of the territory covered in this report.

To the northwest it oute the Twin Falle Formation imn a
well defined line which furnishes a decided contrast to its
indistinet boundary to the south. There the intrusiom of the
Keechelus Andesite is accompanied by such & vest mumber of
varied offshoot dikes, that the contast frequently cenmot be
definitely determined. In faset in the andesite between the
South Fork sund Cedar Valley, dikes may frequently coastitute
a greater bulk than the intruded rock.

In mapping, the author considered the body from the view
point of its common genesis, amud used the broader term, ano4
qualmie Baxhulith, to include a nmmber of veristiomns that
are too far separated petrogrephically from grancdiorite io
permit assecciation under that name. Although this intrusiom
hes meny unususl cheracteristics, its gemersl development
appears to coineide closely with the modern cenception °of a

batholith, whioch the suthor has slready stated. This receat




68

gongeption has considerable beaxing on the previous work in
the sdjacent gquadrangle.

In the Snoqualmie Folic, some twently years ago, Gearge
Otis Smith mspped snother intrusien s pyroxene diorite.

This rock was reported in seversl isolsted masses along the
western part of the qusdrangle in contect with both the
Keechelus Andesite and the Snoquelmie Granodicrite. The two
principsl exposures st both leadow snd Green Pass were thgught
te grade directly into Keechelue flows. considefation of this
factor together with the mineralogical similerity ceused these
exposures to be considered ss the roots of the volesnoes from
which the Xeechelus Andesite was eruptled. Althohgh the pyrox-
ene diorite showed masrked similerity to the gramodiorite in
the petrographic description snd was thought to be but slight-
1y previous to it in age, no gemetic relationship between

the ﬁio intrusions was suggested.

Under the hesding of the Snoqualmie Batholith the suthor
elasses s gabbro, a quertz diorite, the pyroxene diorite, the
granodiorite snd s finel pegmetite phase, formerly referred
to in the adjascent gquedrangle &s & "biotite granite." The
gebbro and quertsz diorite are thought to be remnants of nor-
mal stages of masgmatic differentistion, while the pyroxene

‘diorite and gragediorita are'conaidafea to be practically
contemporaneous chilled phases csused by at least loeal de~
roofing of the batholith. These rocks form the prineipsl
types that constitute the intrusion,

with the hope of sdding to the clarity of the description
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the suthor will treat each definigte type as a unit. With dis-
regard to their areal extent, they will be dealt with ﬁeaar&~
ing to their incressing scidity, vwhich presumsbly conforms
with their order of formation, The report closes with a
atatamant of the evidence for premature solidification of

the batholith during dercofing. In sddition, the prineipal
types of dikes, as well as the mineralization are considered

to be of sufficient iﬁpartanoe to merit individual treatment.

GABBRO PHASE OF THE SNOQUAIMIE BATHOLITH

The most basic rock and at the same time the ahalleat
in areal extent is s normal gabbro that is exposed in the
ialley of the South Fork of the Snoquelmie just weet of the
contact between the Twin Fallé Formation and the liount 5i
Complex.

It lies some two milee west of the nesrest exposure of
the batholith. Although fresh scidic and lamprophyric dikes
indiaata that the final stages of the intrusion extended even
farther west, the main body muet have been very deeply seated
to permit the survival of thies early phsse without appreci-
sble alteratiom. |

Unfortunately the slluvisl materisl of Lhe wvalley bot~-
tom prevents the determination of its exfent. It appsara'
compsratively homogeneous in the several 'outaraps along the
few hundred yards of its exposure. Both in the field snd
especially in thin section its freshness stends out in markad
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contrast to the metesmorphiem of the Mount $i Complex that it
intrudes.

legascopically it is & wedium grained plutonic rock with
a derk gray to brownish color. In thin section it ie one of
the fai really normel roecks in the srea. (Plate 13). It shows
sugite, hypersthese, and segerite-sugite intergrown with lab-
radorite iﬁ ¢ medium grained allotriomorphic texture. Often
bordering these pyroxeunes in a clean-cul outline is 2 pale
green smphibole of rather low birefringence. It is undoubt-
edly primary and mmst be present as a reaction rim. Ilmenite
slightly sltered to leucoxene is invariebly present as fairly
coarse individuals. Oecasionally hypersthene shows serpen-
tine along its.cleavage crackss A Tew patches of asctinmolite
end thin veins of chicrite indicate an 1ﬁaipiant stage of

alteration.

QUARYZ DIORITE

Probably the next stege of the intrusion thet survives
is 2 rock that can be classed a2 & normal quarts diorite. It
~ is exposed chiefly in the northeastern part of the Pratt
River wvalley. VIt ig quite homogeneous snd could probsbly be
fairly asccurately mepped as a unit, slthough its varistion
from the main body at times sppears greadational. Its most
coarse grained and acidic type is exposed at Ollie ILske. A
more basic and finer grained type is the prineipsl rock to

the northeast where it forme the lower part of the mountsins




Plate 13.~ Cnoquaelmie Cabbro. Vith croesed nieols, x 13.5.
Augite (iu), hypersthene (hy), snd aegerite-sugite (2ei) in-
tergrown with lebradorite (lsb) in an sllotriomorphic tex-

ture., Resction rim of &an undetermined amphidole.
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esst of Pratt River, Here the upper portion of the range is
composed of a pegmatite phace that cuts the more bassie rock
in dikes end then spreads out te form en irregular mass.

In the hand the quertz diorite is & medium grained rock
with a feirly high sontent of evenly distributed very dark
hornblende in & ground of gray feldspar. In thio secetion
(Plate 14) it showe plsgioclsse and comuon horablende in a
hypodiomorphie texture with & minor smount of quArts a8 2
finsl prodact of consolidetion. The plagioclase, which usu-
ally constitutes over half the raek.‘ia prineipally andesiﬁa,
although when zonal it renges to coligoclase. The femiece usu-
ally constitute sbout 25% of the roeck. Of these hornblende
in well shaped élightly-oarro&ed erystals is the most import-
ant. Bilotite forms the most common accessory. it is present
both as cosrse snd a8 finme aggregates clustered around grains
of megnetite. The quartz, which is largely poikelitic, forms

from ten to twenty per ceant of the bulk.

PYROXENE DIORITE

The "pyroxene diorite™ phase, as alreesdy mentioned, re-~
ceived itse nam§ in the Snoqualmie Polie. The nomenclature
was based on the Rosenbusch classification to indicate the
agsoeiation of quartz and pyroxene.

Ae @ dietinet and homogeneous rock type the pyroxene di-
qrite deserves to be treated as s unit, although the author,

in the later pages, will endeaver to prove it to be practically



Plate l4.,~ Snoguelmie Quartz-dlorite. With crossed nleols,
x 29, Andesine (pl) and common hormblende (h) in & hypodio-
morphic texture., Quartz (Q) forms the finel consolidstion
product. Blotite (bi) snd iren oxide are the prineipsl

aooesscriass.
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identical to the granodiorite genetically.

It was found chiefly slong the upper Cedar River valley
where it forme the bulk of the range onm the south side of the
valley. Iike the granodiorite in the Pratt Rivuf valley it
forms long slides that in meny ceses start from the summit.
Owing to 8 finer jointing the bloekes that compose these
glides are considersbly smasller then those of the granodio-
rite to the north. Occssionslly the rock of these slides
gradeg into typee thet sppear like true grencdiorite, but
since no exposures are left in place the relatiounship could
not be definitely determined in the field.

In the hand the pyroxene diorite ie a medium grained
greenish gray rock. Unlike the guartz diorite or the grano~
diorite, the individual minerals are not distinetly notice-
able. This is due to the light greenish color of the femiecs
which furnishes no contrast to & eimilar tome of gray in the
feldspar. Ae a rule only & emsll amount of quertz is visible.

qmierceeapically it is s medium greined rock with ususlly
well shaped phenocrysts of zonal plagioclase ond badly slter-
ed and corroded femies in s varisbdle groundmess composed
lsrgely of guertz snd orthoeclase. Ae a type 1t ie more truly
& porvhyry thean & normel plutonie roeck,

The zonal plagloclesse, renging from andesine to oligo~
clase, iz slways mors or lees kaoliniged. The fémicg seeasion-
ally show remnents of the criginal hypersthene snd sugite in &
mase of fibrous hornblende, which is usually epecked with
gecondary ilmenite already partially altered to leucoxene.
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Some of the hornblende, however, gppears to be primary rather
then uwralitie. Biotite in one instence formed = very mincr.
feature, The few flakes cbserved sre probably due to endo-
morrhic slteration.

The feldspar that forme the groundmese frequently is
- far too altered to ksolim to permit determination. Where it
woe determined it proved to he orthoelase. The guartz snd
orthoclase are largely contemporeneous. As & rule the orthe-
clase, as in Plate 15, sppears to be the final product. Here
the resulting texture ie decidedly monsonitic, although the
gunartz is in part intergrown with the feldspar.

Except for loesl gradations towsrds granodiorite, the py-
roxene diorite is remarkahly homogeneous. The only merked
exception ig in a small isolated slide qppoaiia the eastern
end of the Velley Hill. This slide shows gradations tc & fine
grained more basic type. The most extreme is a fine grained
greenish gray rock of s darker tome than the usnai.. Under
the microscope it shows coarse laths of lshradorite in a dia-
bagiec texture with interstitiasl masses of fibrous horndblende,
which are probably pseudomorphs after pyroxene. Grain§ of
iron oxide form the prineipal aecaésury‘ This unnsual‘vnria-
tion is definitely 1ntfuding‘basic sndesite. It strongly re-
aemﬁléa sceme of the very varied border phases of the grano-
diorite that are exposed slong the Chipago Milwaukee tracks
near the contuet with the asndesite. It was probadbly forned
by chilling prior to the final differentistion.




Plste 15.~ Snoguelmic Fyrozeme-dlorite, scuth of Ceder River.

With erossed nisole, x 13.5. Individuels of plagioclass (pl)
in part andesine snd in zomed from andesine to oligocleoss in
& monzonitie texture. TFibrous hornblemde (h). Quartiz grains

{Q) in part intergrown with ksolinizcd orthoclase (orj.
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Plate 16.~ Snoguslmie Granodiorite below Pratt Lake.

Fhenocrysts of plagioclase (pl), zoned

crossed nicols x 29.

from andesine to oligoclase, and corroded common hormblende

(h) in & ground of poikolitie quartz (Q) snd orthoclase (f).
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Plate 16.~ Snogualmie Granodiorite below Pratt Lake. With
crossed nicols x 29. Fhenocrysts of plagioeclase (pl), soned
from andesine to oligoelase, and corroded common hornblende

(h) in = ground of poikolitie quartz (Q) snd orthoclase (f).




Plﬁ’u 17.~- Snoguslimie Granmediorite from the north side of
uﬁpor Cedar River Valley. W¥ith crossed nieols, x 13.5.
Fhenoorysts of ondesine (pl), in psrt soned Uc oligoelase,
in o mosaic of gqusriz and ksolinised feldspar (or). Blotite
(bi} 1s elightly sltered ©o chlorite, ﬁile hornblende (h)
i@ badly corroded end largely sliered to chlorite.
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rlate 18.- Sacauslmie Hypevathenme Cranedlorite from mllakulla

Tere. With oroased nieols, x 29. Hypodiomorphic plsgicclase

{p1), larzely sndesine., ILittle ksclinized feldzpar (or)

pertly ortheelase, intergrown with guertz (Q). Hypersihene
as remneante in uralitic hornblende (ur)., Biotite (bi) and

magnetite are the principal accessories.




G

L th paragonite shows zoning frow basle to seldie oli-
goclase., The outer border of the plsgioeclase sppears to blend

inte the ksolinized interstitisl materisl that is rartly in-

ty. Although sn sntire

5

efpet of the 1@%% of volatile psonstituente, swsy fronm the

The offeshoot dikes of the %é@ﬁgii%ﬁ are very veried and
very plentiful. They form s far more merked fesiture of its
gontect with the sndecsite than with the guertzite to the
north. In msny places they probably ferm s grester messs then
the rocks they eut. The most noticeable ovterops slong the
Chicesgo Hilwankee trscks are betwesn Allce and Yood Ureeiks
esst of Gercie and bebtween Hsll and Change Creeks at the

western contsct. Agsin in Cedsr

Lake Valley & greal many
dikes are ent by the two streams thet run intoc the weslern
end of the lske from the nmorth. The eastern end of the Valley

Hill slso hss = number of dikes cuilting seross it. ZLgsin,




Plate 19.~ Pegmatite phase east of Prett River. With crossed
nicols, x 13.6. Hypodiomorphic plegicclase (pl), zoned from
gndesine to oligoelase, snd large individuale of quarts,
aighly {rsctured esnd corroded in ksolinized orthoclase (or)
oceasionslly intergrown with = little later gquertz. Blotite
1s guite pleantiful.



74

ground

1y
shuler

gr

ton stron
more

Y& &

ters
bt

e

o
L&

#

B e

£

w1l

B
il

a8y

oh
1

etacu

o

g




erals, :

netite.

mineralization that wes seen in the zres o0~

phase of the Snogualmie Bethelith. In the
past geveral mines snd procpecte have been in operation, but

none have proved of egonomniec value.

three most extensive mines hes con

it impossible to judge of the origi

1y the former ore dumps

gppeared @ﬁx@% ?ﬂ?i%&»

vudging from & smsll vein st the

dere a clesn cul vein shows s thin sesm of pyrite in 3 orus~
tified gusrts gengue thet shows well developed suhedrsl faces.

e

The prineipal ore minersl is pyrite with @ﬁﬁ@@@§V rite snd
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2

meterisl and the deviiridi
Althousk the suther hsze not seen the fresh flows deserib-
ed, it ie more then possible thal The sbove explsnstion might

socoent fTor Them., At th

same time, inzsmnch ag they ave
definitely overlsieo by besalt, it would grestly simplify the
gituation %o elass them &8 part of the leechelus Series, If

they belonged to & later series of intrusions and were in
tarn overlain by basslt, modern conceptions of volesnies
‘would ceuse one to think of three eycles of vaulcanism rather
than of two.

In sdditicen, since the grancdiorite and the pyrozens di~

orite are spperently slmost identiesl geneticslly, =znd in

view of the gradstionsl passsge from pyroxene diorite o an~

desite, the suthor considers himsel? justified in beliesving
the chemienl sample of fresh ZJeechelus h§W%?gﬁ%@§$ anfesite
to reprezent sn sciusl exirusive eguivelent of the Snmogusinmie
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