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PLATE 2

SOUTHEASTERN PART OF THE
SULTAN QUADRANGLE

King County, Washington
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foot, BesporRT weountain at 5022 Yeel, and Dog Hountelin at 5%
fool. prainage of this novthern third of the map area ie
poans of & mriher of gpivutaries to the Horth York of the
gnoqualnie Rivers Jlmportant trivutaries from west to east @
pig Creek, Sunday Oreelk, snd the Lennox River.

Both the North and Mlddle Torke of the Snoqualmio
fiver show an uneven grade with streteches of relatively little
fall alternating with stretehes of swift waler and falrly
papid fall, One of the wore noticesble stretches of low gra=
dlent is slong the Horth Fork of the Snoqualmie River near the
mouth of Sunday Croeks. Here rumerous mesnders and deserted
mesnders, and one ox=bow lale are present (of Flate 3).
Parther downstrean, outside of the map aren, the river cas=
cades through & wathor narrow canyon with no meanders. OSome
neandors and eut-offs are present along the finoqualmie Middle
Fork also, but the atretches of low gradient are short and the
meanders poorly developed, while numerous rapids exist between

atrotohes of quleter wated.

ohe eontrol of drainage pattern by jointing and
fanlting is evident at rumerous places., Thus the nineralized
fault zones &t the ILemnox, Devil's Canyon, Jack Pot, Deaverw
dnle, and Goat ow taln mining proporties all have all or pard

of their length traversed by srmall styeams, In the central

portion of the wap arcs the minor tributaries of the Wddle

o

W T o L s an Y g & TS e e 2 o % oy 5 Pl B o iy a
Pork of the Snoqualmie River lorm 2 parallel drainage pa A Ao

in 8 northwest-southeast direction. Idkewise, the small tyle
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butaries of the Tayler River negr M. Garfield flrfﬂ in thie
pone diregtion and the fault which controllied the ecourse of
one of these iributaries was exposed where it erossed the
divide south of lorton Iake {(of Plate W). The fact that the
frait River and alego the valley of the Wlddle Fork of the
Sroqualnie River upstrean from its confluence with the Taylox
River also are in this sane general direction suggests that
they teo may owe their present courses in part to & similar

fault control.

Host of the higher welleys have cirques at t};éi,r heads.
In meny cases these eirgues are occupled by besutiful mountain |
lakes, such as Lake Caroline, Iake Fhilippa, Cougar lake,
Upper Wildeat lLake, and othors. Nost of the valleys show the
typical stepped profile of glaciated valleye and in come vale
deys two basing at different elevations each contain a iale,
or example, lake ¥atrine and Idittle iatrine, iower and Upper
Wlldoat Iakes, and Dersick and Caroline lakes.

In some cases glaclal erosion by the advencement of

Birques is for advenced, and basing several miles long with

Bteep sides oxtond fron the major river valleys into the intore

N8 Upland., Hxarples of these large basing are thoge along
B Creok, Cougar Creek, and the basing at the head of lake
and Iake Celligans In such cages the ridges at the head

8 basins are narrow, often Imife edged ridges. In other
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12

gapes the clrques advencing into a rldge cause one side of
the ridge to drop off ahruptly for many hundreds of feet to
the floor of the cirque while the other aiw of the ridge will
glope off rather gently to a stream valley with no cirques
developed. BSuch assymetriesl ridges are present beotween the
besineg oscupied hy Norton and Howich Iales and the velley of
ouartz Creek, and also between the basin osccupled by Rainy
Iake and the valley of the Pratt River.

Some similar assymetriesl ridges ocour which hawve
styeam valleys on the estesp side rather than clrques. .:.ar:rplw
are the steey oliff forming the south side of the lemnox River
valley just above ite confluence with the Snoqualmie Vorth
Fork, the ¢liff on the southwest side of Quarts Creek, the
gliff on the southwest gide of Illinois Creek, and numerous
others. The cause of these steep slopes seems to have been a
nivation or freese and thew process at the edge of snow acoumi-
lationsg in these valleyve. The steepeat slopes are on the shaded
sides of the ridges where the snow persisted longer.

In the case afy the larger valleya such ag those of the
North and ¥iddle Forks of the Snoqualmie River, the Taylor
River, and Pratt River, the relative proporiion of sleepening
of valley sides snd widening of walley floors bﬁr gapping and
nivation and by mrraéimz of moving ice is m:ﬁmmﬁ.. flowevrer,
the fact that neither henging valleyes nor morainal deposits
are conspienous, and that often the ‘valmys will ghow steep=

ening and faceting of spurs on only one side leads the writer
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. This corresponis with the elevation of some terraces along
She Middle Fork of the Snoqualmie River east of ilt, Garfleld
and also along the Pratt Rlver, and may indicate that thls was

$he level of the lake for a considevable period of time.

Sldmate

The climate in this vieinity of the Copeoados is ossen=
fially the produet of three factorst the high elevation of
the Cascade Range, the pregsence of the ocean to the westward,
and the prevalling south to west winds binging moiest mardtime
gly from the sea agalnst the mountaing.

To tha wost and goutlwest of the area covered by this |
theais are the Puget Sound Pasin and the 0lymwpic VMountaing. |
The molst maritine alr moving from the Pagifiec Ogean during |

winter storms Yefore resching this ares mst either move from

the weat acrose the Olympie Fountains or move from the southw

west wp Puget Sound through the broad Chehalis Valley whieh

formes o gar In the Olympic Range. Vesterly winds impinging on
the high slopes of the 0lympie liountaine cause extremely heavy
rainfall on the wentern slopes of these mountaing and in so

doing the air loses part of its wolsture. As & result, the

11k P ' I precipitation in the wap ares is less than for areas of similar

elovation on the westorn slopes of the Olyrple Mountains. The

faect that the precipltation is £ti)) very considerable 1s due
to the fact that the westerly winds pick up more molsture on

eropeing Puget Sound, and also winds from the south can baing
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of the map areas To the north in the vieinity of Big Cresk
'graywaakn and shale beds are interbedded with andesitie to
rhyolitie tuffs and tuffacecus sediments. sone of the mage
sive fine grained tuffe within thﬁ sediments may be the
direct produet of volcanic explosions, but wuch of the tuff
has been sorxted by water and more or less mixed with other
material.

With an inerease in the ampunt of pyroclastie material
the graywackes grade into tuffaceous sediments and finally
into tuffs, In the vieinity of it. Phelps these tuffs are
largely without stratification and accompanied by mascive

andegites. Yor purpedaa of mapping, the area of predomie
pantly tuffe and andesites ié‘ahawn peparately from the area
of essentislly clastic sediments. However, in parts of the
area whore olastic and tuffececus rocks are thinly interw

:\ badded no boundary can be mapped in the field and the dotted
Y Aine shown on the map is largely diagramatic.

| In the vicinity of lit. Garfield along the Snogualmie
| Blddle Fork is another avea of voleanic rocks, consisting
;wminaxpally of voleanie brecelias, This group of roecks has
been dosignated the iit. Garfield Voleanies.

3 Tounger dikes of andesitic to rhyclitic composition
#85 bo observed outting the Calligan formation and also the
I'v~1tic and granitic rocios,

| The granitic rocls inelnde: the Preacher granite, a
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mase of leucocratic granite, partly grancphyrie s outeropping
along the Wlddle Fork of the Snoqualmie Rivery the Quartz
Creek complex on the northern end of the Preacher granite,
in which roeks of quarts dioritic aaa':ipo.ﬂitiom play an inpore
tant roles & small ares of hiotite granite which outorops
along the North Fork of the Snoqualmie River surrounded by
tuffs and graywackesy and, finally, granodiorite which is
the most extensive rock in the area. The largest onievep
of granodiorite is in the northesstern part of the nmap aﬁea,
but it alse forms separate bodles along Granite Creek and in

the viecinity of ¥t. Roosevelt.

General Features

The Calligan formation consists of a great thicknoess
of graywackes, argillites, andesitic to rhyolitic tuffs and
tuffaceons sediments. The formation outerops aleng the
western part of the map area from south of the Snogualmie
Hiddle Fork to the northern limits of the map. It also
cecurs locally as lslands surrounded by later granodiorite,
along the lennox River and neayr Paradise lake.

In the vieinity of the M ddle Fork of the Snogqualmie
River are outerops of massive feldspathie graywackes and
Argiliites. These grayvackes consist predominantly of foldw




gpayr and gquarty with a matrix which is e¢hloritice In the
lese metanorphosed portions and ls largely changed to
biotite in the vieinity of the granitie saaaﬁaé. Ag the graye-

1 wackes beeome metemorphosed some of the feldepar is replaced
by quarts and the rocls become nmore guartzitic, dut the
1 original character of the rocls is apparent as the autump#
\ j“ are followed to less metamorphosed areas.
I‘ lio satisfactory estinnte of the thickness of the
graywackes and srglliites in this vicinity can be made as
1 the structure in the massive rocks is uncertein and much

disharnmonic folding and considerable faulting has occourred,
in part presusshly during euplacement of the neighboring
granitie rocks, The base of the formation is nowhere ex~

posed as all the contacis observeld were either intrusive or
fault contacts. The beds puterop from 1000 feet elevation
along the Snoqualmie Mliddle Fork to altitudes of 5000 feet
on the divide separating the drainage basins of the North
end Middle Forie of the Snogualmie River; and the thickness
is probably at leasgt 5000 feet and possibly locally smech

BOTe.

The coarse clestic roclm in the southern part of the
| arca ove quite feldspathic and rock fragments ave few
| Bxoopt where the rocks contain fragments of the associated

I, Srgillites. In pome other perts of the Caseades rocl®
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similar to these have been called arioses dut due o the
fact that these roclks in genersl have a ehloritic matrix

when not metamorphosed they are also referred to as grayw
WacKot e

&g the formation is followed to the north the amount
of voleanic meterial increases. Ocossional bods of white

fine grained rhyolitic tuffs representing ash falls are

pregsent, soue of which are recrystallised to cherty appearing

rocks, In the wielnliy of Iake Calligan the coarse feldpe

| & pathiec graywackes contain andesite fragments and proceeding
; L, ¢

g* %o the north and northeast of Iake callig;mn the voleanie
| material becomes incressingly important, and the amount of
chloritic matrix increases in proportion to the feldspar

: and quarts fragmentes In the vielinity of Blg Creek and on

g roads north of the Snogualmie Noxth

Fork there are relatively thin bedded shales, groywackes,

rhyolitic tuffe and tuffocoons soedimenis.

Hear tho mouth of Sundey Creek and on Wt. Phelps the
tuffacoous raterisl is largely without stratification and
ascompanied by massive andesites. Clastic sediments in this
area are incongpleucus, and these rocks avre described sepa-

b ¥ately as the I%. Fhelps Voleocanie Rooks.

Patrology of the Calligan Formation

For purposes of petrographie study the Calligan forw
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unation will be divided into (1) the greywackes, (2) the
intraformational brecclas, (3) the tuffaceous «se&aafgitaéntﬁ,
and (%) the argillites and ghales. The wetamorphism of
thegse rocks adjacont to granitic arecas will be discussed

separately.

Graywackes
The graywackes sre the most abundant rocks in the
formation. Thoy vary from fine grained, dark gray rocks of
nearly uniform texture to coarser grained, light to medium
gray rocls in which the larger clastic quartz and feldspar
grains can be recognized by the naked eyes They weather %o
lighter gray or brownish gray colors. The coarser grained
graywackes conmomly include frageents of argillite. Vhere
' these frogments are abundant the rocks are treated separately
as intraformational breeccliass
The graywsclkes are usually massive and break with a
more or less concholidal fracture. In the northwestern part
of the area they are exposed slong the Veyerhauser logging
roads in beds five to ten feet thiek interbedded with fine
groined, dark colorved and somotimes thin bedded shales, and
| with light colored massive tuffaceous sediments (ef Plate 7)e
| Vhere these sediments suffer from pmech folding and |
faulting the massive graywacke beds act s& competont nembers
Bnd the fine grained shales are folded disharmonieally and
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often locally are squeezed out from botween graywacke beds
and acoumilate atd other places so that in the more dise
turﬁed arces the exact bedded nature of the formamtion is
poorly d&ﬁnéd.. '

Undex the microscope the most conspicucus constitue
ents ave the cluar; vexy angulsr graling of quartz. They
maks wp wwenly to fordy per cent of the roeks. Oceasionally
the graines show undulating extineticn. In some c’ama this
is due to later doformation of the beds but in a Lfow ensoes
in lese distuxbed portlions of the famatim a fow grains
of quartzs will show these strain effects while the dulk of
the quarts grains are unetrained, Theps fow strained
gquaris grains are interpreted as being derived from rocks
which had undergone deforuatlon prior to thalr emmn and
rodeposition. dSome of the guartz grains are gpotted with
suall vacuole incluslons.

less congplouous but more numerous than the quarts
grains are the angular grains of feldepsxs The predominant
. Vvarlety is ali{;oclaﬁé, but some orihoclase grains and an
{ Occosional grain of microeline are present. Under the
‘mleroscope the feldspar grains are seen to be nostly cloudy
With alteration ym&uatél Soue, however, are gquite oclear
fnd show good twinning. The alteration in moot cases is an
a Seration to serlcite, aftén with the release of Tinely
Wided quarts. In thoe more altered graywackes the folde
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gpars oommondy lose thelr oviginnl outlines with the gl
plates of the ehlowite in the watrix pouetreting the mergine

Ve

of the Lollapars.
fock fragments make up a variable percentage of the
graywackes. They include fragunents of andesites and tulfs

(eff Plate 3}y inclundlng some ecrystallized tuffs, plus
' v

Tragoents of arglllite or shale forsed from subaquecus

eroslon of the asssociated fine grained rocks.

ALl of the above congtltuenis are coutalned in & 1
grained matrix which uwsually males up less than twonty=five
poxr cent of the rocks This matelx ls predeminantly chlo-
ritie, with greenish filakes, needles and irrvegular patches
of clhilorite ccourring boetween the other grains. The matrix
also inciuvdes finely divided guariz and feldepar particles
and some opagque particles which are probably partly clay.
Also present are some enall grains of pyrite and nagnetite,
@pidote, and mireon, Sometimus elongated larger gquartz and
feldapax grains 1io with their long axes in the direetion
H of the beddings 4As the graywackes become more disturbed
am metamorphoped the chlorite changes to blotite and some

Hpient growth of blotite is usually presenat,

aformational brecoelas
The intyaformaticnal breccias ave soarseé grained

Bokes which contain appreciazble amcunte of fragnente
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fhotomiorograph of a cosroe gpadned, licht gray,
Todspathle graywacle from the north ghers of Iake Calligan
showing angular grains of quartz and feldgpar and a swall
auount of chloritic matrix. A fragment of andesite is

Yicible in the center of the photo. (Plain dights x 12)
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of the asvocleted fine grained argillites. These fragnents
are of the same corposition, but of pmaller graln size, as
the graywacke matrix, This foct makes 1t extremely 1ikely

that these intraformational breccias wers formed by the

breaiing up by subaguecus eresion of partially indurated
wede of the asgoelated argiliites and finer grained gray-
wackes, and thelr incorporation in the coarmer grained
graywackos. These fragnents are always angular and range
in size from one millimeter to one centimeter and occaw
sionally larger. The proportion of these fragments varies
fvom an occasional fragment up to nearly fifty per gent of
the rock. They are often oriented with their long axes in
the direotion of the bedding: A photomicrograph of a thin
seotlon from & typical breceia ocourring north of Iaks
Calligan is shown in Plate 9.

gince the thermal metamorphism of portions of the
ﬁal.uuan formation changes tho negaseoplc appearance of
ﬂm graywackes, and since there are variations in the quan=
Bty of tuffaceous naterial from place to place, there was
 question during the early stages of mapping as %o
all the sedimentary rocks should be ineluded in one
4s wepping proeeeded it wos found that the most
Sinctive rocks, which could be recogniszed both in the

Ephoped and wnnetamorphosed state, were the intra=
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Typical intraformational breccia from ridge northeast
Calligan. The fmgg«rest:r;t:; of Tine grained argillite
the sane corposition as the enclosing graywacks.

_ Mghty x 12)




fornntional breceias. The fimding of outerops of those

| breccios ot scattored loealities throughout most of the area
", underisin by sedimentary rocks, as shown in Plate 10, was of
| B great assistance in showing that the graywackes occurring

throughout the area were deposited under simllar conditions
and therefore could be conpidered as one uniit, part of
whieh was notemorphoped. Thope broccias do not ocour as

4 planket depceits and therefore can not be used as & stratis=

graphic marker, but only as a sord of 1ithologiec gulide to the

formation ag a whole.

Tuffececus sediments
The tuffaceous rocks vary consideradly in sppearance

‘ and texture from place to place. Their color veries from
2eght yollowish gray to dark greenish gray, in some cases with
lponsiderable veriation in a single specimen, In the northe
L.F @gtern part of the map area, on both sides of the North Fork
®f the Snoqualmle River, the tuffacecus rocvis are interbedded
_‘!.h graywackes and shales (ef Plate 11l). A thin section of &
pecinen from one of the tuffaceous beds seon in the photogreph
e a fou larger graine of quaris and orthoclage and froge
s of :‘,"xiﬂrf)‘pﬂg;?}atitﬂ in a fine grained tuffaceous base which
B8 wp the bulk of the rock {of Plate 12). This Tine grained

Bppoars ae an indlstinetly polarizing aggregate of quartz,
A, and chlorite, with a mosaic texture, and the rock has
.vu:y puffored some yooryotallization. The faet that the
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PLATE 11

Photograph of light ecolored mpasive water-laid rhyo- N

Asie tuffe with an inecludsd pod of shale, along Veyerhasuser

Bglng rood up Big Creek. During deformation the massive

EEfaceous layers act as cormpetent members and the shales are

Bueezod out at some spots and ascumulate at others.
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nterbodded tuffe and graywackes along Dig Creek (ef Plate

11},
| Buffaceous grouwndnass.

Pragnente of quartz are contained in a fine gralned
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| adjacont arglllite is relatively m;altm& illustrates the
z'matim ease with which the fine-grained tuffaceoous rocks
lare recrystallized. The light color and sbundant quarts would
felass this as an acid tuff, probably rhyolitie.

1&@111%3 and phales

The argillites arxe dark gray to nearly bhlack rooke,

S In the nortlwestern part of the ares they are relatively
unaltered and often thin bedded, and are best uélmii ghales.
These shales are usually shearsd and quite fissile. Closer

| $0 the granitic bodies these finer grained rocks become very

| Bard and break with a conchoidal fracture and ave bost called

| dndurated argillites.

) Along the western boundary of the map area, and still
I‘thr prposod ocutelde the boundary along Weperhauser logging
‘poade wost of Iake Hanecook are considerable thiclmesses of

| the black friable shales. A specimen of these shales from the
:Lﬁcimty of Big Creck contoins some coarser grained fragments
fdn the fine grained shale. A thin section of this rock shows

S the coarser fragments to be pleces of graywacke in which all of
the grains show evidence of muech strain. The brecelous

| @ppoaring rock can be interproted as resulting from deformation.
(The thin layers of graywacks originally interbedded with thiek
“layers of chale wore broken up during deformation and scattered
‘Ehrough the shale.

Some of the argiliites show a tendency toward graded

P bodding. This often is rather hard to see in a hand specimen
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. , & ghows wp shorply ino a thin section sz showm in the photow
pograph {ef Plate 13) of a specimen fyom the 8%, Regle

s moad along the Scoqualnie Middle Fouxdk, utmm the
ie m%m'a e still pleinly visidle here, the ook has
mtm! nmmtar dus to the develaoyment of incipient por=
hyroblasts of a mineral which is probebly feldspar, and thus
'3_,auxrﬁwad\aomm et

Totamorphien of the Calligan Formation

| A etated previously, there is some rearysinllization

p the Tine grained tuffacecus rocks and developument of

fhlorite in the matrix of the greywackes throughout the avea,

"'_ g it is only where thermal motemorphism has beon sctive near
jhe granitic resses that the rocks are strengly notamorphoseds

Betamorphisn of the graywaclkes
The larger quarts grains are the last o lose thelr
Bastic appeavance and thus the conrse grainged graywackes are
9 | least changed in appeavance of any of the rocks of the
ligan Tormations Conslderable thicknesses of these mota-
warphosed graywackes are exposed along and above the CCC road
t.he north slope of the Snoqualmie Biddle Forks In these
joks the larger quartz grelns often stlll retaln thelr
Mgular shape although there has been some overgrowths and
Yalenoenco of nelghboring grains, Nany of the guartz graing
Ve cremilated borderes
The matrix of the graywackes has been recrystallized
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with development of aggregates of blotite. The smaller quarts

and feldepor grains have recrystallized and coalesced o as 1o
produce a mosale textures The large foldspar graing have lost
moot of tholr clastie appearance and are ofton hard to tell
fron newly forwmed grains of oligoelase which develop inm the
pook. However, the latter usually do pot show twinning and
gontain numerous incluslons. There are in places thin layers
ground this crystalloblastie feldepar in which conrae grained
niotite hae concantrated ag if during the growth of the feld-
gpar the blotite had pushed out.

narts veiniets are numerous and they often have sel-
vages of biotite on both sides indicating some solutional

tranafor of materials within the roek during metamorphism.

Iooally intense deformation has ecaused fracturing of the larger

greine and stringing out of the biotite and in these rocks the
original clagtic texture is almoot completely obliterated.

The total result of the metamorphienm is to produse a
dight purplish gray rock consisting essentlally of quarts,
feldspar and ‘bictim," with & grenulose texture, which is best
galled g blotite granulite. The coarse grained feldspathic
graywackes in some locslities are even move transformed, as
¥ill be deseoribed in connection with the Quartz Creek Complex

and the Preoacheyr Grenite.

letamorvhisn of the tuffaceous sediments
In these rocks metamorphism has cauged wore strongly

maried chenges than in the graywaclkes. In the metamorphosed
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s of the Calligan formation there are assoclated with the

Eetttos and hornfelses some dark groen, usually somewhat

ded rock, composed essentially of hoynblende. Thoge

mphiboliton are the metamorphie squivalents of the basie

Effaceous vocis. There are other rocks containing both bio=

s and hornblends along with gramular quertz and feldepar,

jioh wore dorived from rocks which were inteormediate botween

Bywackos and tuffs. These latter rocks tend to green or

I enigh gray colors, often mottled, as contrested with the

Meplish tints of the metamorphosed graywackos.

‘ Netamorphism of the very fine grained siliceous i;ufu

o aous rocks pyoduces dense hard rooks, white to pale green

i oolor, which break with a concholdal fracture. These rocks

re ‘r’?uc-‘h le chorte and thely true nature was revealed hy the

Binding of fragments of graywackes within them which still
pined thelr elaptice texture. Epldote in the form of ifxvegu~

¢ graing and veinlets is eommon in the metamorphosed tuffae

secu gediments as well as in the metamorphosed tuffs and ande-

o -

Panorphisn of the argillites
i The most noticeable change in the argillites during
Bamorphion is a warked induretion. They are no longer flge
but hreak with & concholdal fracture, Also thore is é
Bvelopment of fine grained blotite which replacos the chlorite
e the argillite causing these metamorphosed roclks to have a

Bk purplish gray color in comtrast to the dark greenish gray
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. or nearly black color of the wmetonershoped w@i‘nit%. in
] the more advanced stages of metarorphisn these dense metamorw
| phosed argilliites are best called hornfelses.
| In the homfels the small eclastio quartz and feldsper
I grains have recxyetallized and aleo grown by coalescence, and
f thus lost their original outlines. Commonly there dewolop
fairly lorge amochaslile porphyroblasts of oligoeclase conw
', taining mmerous inelusions. Some quarts generelly forms small
disconnceted veinlets which stand up as suell ridges on the
weathered surface of the hornfels. There appears to be some
| release of ivon in the form of magnetite durdng the transfore
mation of chiorite to blotite as this minersl is abundant. 4
‘$hin pection of a hornfels from the slope north of the Sno-
- quainie llddle Fork shows a diamond shaped tetr&he&m of
magnetite within 2 grain of bilotite.

In the lmmediate contact zone some narrow bands within
b the metamorphosed arglllites show a development of well formed
red garnets. *}.‘mﬁaé were. noted near the portal of the tunnel
" on the Langeyr mim_ng claims, on the ridge between Faradise
dake and the head of Illinois Creek, snd south of Sunday Iake
Mef Plate 1%«

Stratigraphy

The outerop pattern on the geologic map suggests that
i8he 14, Garfield Volecanics cocupy a synelinal area and are

poun;er than the feldspathie graywackes in the southern part
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fomull leaves would thereby be destroyed.

dome early workors bave ascigned some formations in

the Cascades o the Paleczole on the basis of motamom
and this probably sccountas for the inclusion of the srea
overed by the Calligan formation in the Carbonifercus or
group on the latest State of Weshington Geological

ok on

Lo % &

sinee 1t was found that =oet
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ad other than the induration and Jdeveloprment of chlorite

groywackes was related to the ouplacement of the Tere
granitlie bodies, metanorphisn alone was not consldered
"“uat,ion of great antliquity.
Since folding is chiefly of the disharmonie type, an
proity to be valld must be of regilonal extent, accome

ded a change of facles, and the actual ocontact must be
oo’ ¥

od. o such unconforuity was recognized. The entire
assoublage outeropping in the western portion of

b mop is considered part of the same envirommental facles

Shorefore is wmapped as one unit,

tubes
Some worm tubes were found on the weathered purface
Pan outerop of indurated sandy argillite of the Calligan
. tion on the ridge separating the two branches of the oreek
BEh enters lake Calligan from the southeast. The tubes are

gt or very =lightly curved and appear to be formed of

e

Bnted sond greius slightly coacrser than the surrounding
tes They average about an inch long and onessixteenth

B in dlamctor, and usually have a single longitudinal groove

B to a cracking of the tube (ef Plate 15). They stand up as

B on the weathored surface.

As poted by ¥, B. Danner (%), who found similar worm
i north of the map aren in the vielnity of Sultan, Vashing-

| And algo in the Sol Tue formation on the Olympie Pendngula,

B worm tubes are idemtical with those from Hodiak Island,
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BlInska, deseribed and 1llustrated by B. 0. Ulrieh (1%) of the
Eerrinen Alasks Srxpeditions Ulrlceh deserides ﬁhﬁ wors tubes

Mq Eodiak as being not over 2.3 milliimeters in dire::rat@r\ and

o be usyelly eracked lengthwise due to sorpression, giving

S ghe scame longlitudinal groove that io present in the lake

falligan ocourrence. These Nodlak tubes were named Terebollina

palachel aftor a movber of the expedition, J. C, Rood and

L R R, Coats (9) desoride ﬁh&; e\c%nrmme in greyvackes from

' fruzof Island, Alaska, of Terebsllina palachei with Aucella

erasuloollis, a Iower Cretaceous pelecypod. Whether these

tubas are of stratigrephic value, however, still remains to be

proven.

Conparison of Calligan formation to

sedimentary rooks in nelghboring aveas

Some geologlests who are familisr with the clactic

pediments of northwestern imshington have recognized the rooks

of the Calligan formation as beoing similar in iithology to

some of the Cfemewus and early Tertlary formations. Tor

exarple, Dre Po Misch notlced 8 resemblance of some of the

feldspathic praywackes to parts of the Swauk Tormation outw

eropring to the east and to some rooks oceurring in the Cuye

} Tormation. Both Dr. H. Coonds ond Dr. i. Vhesler of the
Universlty of Vashington noticed a rvesenblance of the grayw

| Wackes and cspecially the intraformational breeclas to aindlay

Tocks in the Sol Due formation outeropping in the Olymple

Peninsula. The Sol Pue formation is itself of uncertain age,
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W lithology to the Swamk and Naches formations.

| W has been mo publieation to thi:s effecty gooloe
.wh ap Dre Py imiz and Dye He (ﬁm‘trs, who are familiar
ttm.a portion of the Cascades, have considered the Mocene
. ‘Qf the Guye Tormation to be in error and an early

y age to be more probables
0f the formations described in the Snogualmie folio

ﬁtm schiist novhere ocuterops far enough west to be
* ted within the map area. Although the most recently pube

i geological mep of the SBtate of Washington shows the
entary formatlions within the area covered by this thesis
ﬂn same coloxr and eynbol as the Peghastin formation of
Snogualmie follo the results of this thosis show that the
are closer in lithology to the Tertisry formstions of
 Snoqualnie follo than to the Paleozole Poshagtin formation
Heh outcrope enst of the Casecade sumit. Of the Tertisry
ations described by ﬂmith and Callkins, the arkosie portions
m Guye formatlion reserble some o:r the feldspathie grayb
_ i of the Calligan farmticm., egpecially in the southern |
%y and both formations ‘luea.ll:f contain associated voloanie
BkBe It is belleved theso two formations may be nearly
'_ temporancous and of early Tertlary or perhaps Cretacoous
B8 rather than Wlocene as the Guye is shown in the folioc.
In 3913 ¥, S, @mith (11) mapped the rocks in the
omish quadrangle, which lies northeast of the map area and

H

T . 'fﬂ_?'

north of the area included in the Snoqualmie folle menw
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grop of black argillite on the southwest slopo of ¥t. Garfield,

dso near the southwest corner of Paradise lake is an outcrop

of brecela identlenl with some of tho coarse voleanie hreccis ‘ ||
lpeor the base of the MNt. Garfleld voloanics along the Taylor |
nw-:: and Quartz Creck. Bmith included the ¥Wi. Garfield vole |
genict in his Feechelus forsation which he assigned to the |
P ilocone. Therefore, if any of the fossiliferous roslw observed
i By Smith and Darmoer near Grotio extend into this ares they

:uwh form only a part of a greater assemblage whioch is chiefly

| porposed of much younger rocks. ‘ |
' In the Skykomish Basin northeast of the map area Smith | |
‘mapped a large outorop of arkosie sandstones, shales and gonw 1 '
| glomerates, the shaly members of which contained fossil leaves n
| shich could be correlated with the flora of the Fort Union

[ formation (Paleoceone) of Hontans. He ealled this formation
SBwaul: bocause of its similarity to the Swauk formation mapped |
by Smlth and Cellkdne in the Snoqualmie Quadrangle. His des~ |

sription of & typioal smdamm ic ag follows:

it ig fine grained, gray, mottled with hroun spocks.
Ap primary winerals there are quarisz, plagicclase and ; |
orthoolnse; as secondary nminevals or alteration produects, =~ |
chlorite, kaolin, epidote, serieite and quartsm, The |
graings vary in size wp to one=half milliwmeter and are |
ngmd together with quarts, clayey material, and chlo= |
rite. :

it is epparent from the above deseripition that the rock has a ‘ ‘
ehloritic and argillacecus matrix and is not greatly different | I
t from some rocks of the Calligan formation, namely the folde R |
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leopts that the roeks ropregsent material whieh hag aceurmw

ed around o roloanie eanter,

) The same andesitic urffe outeroy in a gmall

et elevation on e ridge

Above the Quarts

Bthé Taylor River shovs 1800 fe
jween the Taylor River and Quartz Croek,

dogeing »ond & gmall outerop of fine grained quarts

"':: otite granulite and dark gray fine grained quarts diorites
£ the Quariz Crook Complex are overlain bWy & massive fine
Bained dark gray recrystallized tuffe This tuff forus s
BLET several hundred feet high visivle from the road,
Juet south af the faylor River neap the casteorn boune
‘lu-y of the mep between 1600 ana 2700 feet elevation there is
; Ml outerop of voleanie brecoia eontalning some blooks over two
‘Mt in dlameter set in a matrix of andesitic tufr, some of
Fﬁu blocks are andesitey while others are fragmente of banded

2y

pelastios and tuffaceous pediments,

in & ereck a fow hune
dred yards to the woat

of the drececis outerops there is a
Borrse groincd tulfaceous appearing rook which ineludes pome
one=fourth 4o one«half inoh freguents of granite containing
Quartsz and orthoelage intergrowths, These granite sments
and nurerous ouibayed and breceia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>