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since it reilects the emphasis on "ridge running

the fleld work. Gensrslly the mapping was done further to

mountainous part of the area is in the
Forest, The lower zlopes of the 3
the area north and west of Granite

2

shington or are vrivately owned,

"

Hone of the roads leading into the area are shown
on any of the maps in this report. The state, county, and
permanant Forest Jervice roads are shown on any reasonsbly

detailed highwey map that csn be obtained at a gasoline
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Fig. 1 Index and locality maps of the Higgins Mou

ntain Area



statlon, Forest Service maps and county maps show some of

roads but since these are qulte ephemeral, few

Access to the area ils provided by the Arlingtone
Barrington highway, & paved road which 1s open the vear

avound zlthough it ls very rough in the late winter and eare

In most of the mapped ares, this road is on the
south gide of the Stillagusmish Hiver, A county road erosses
the 3tillaguamish River at the foot of Swede Heaven and PPO=
ceeds westwurd for several miles beyond Segelson CUreek, The
Forest Service maintains access roads on Swede Heaven and

up the canyon of the Stillaguamish River between 3outh Fork
Ridge and North Hountain, From these access roads, numere

ing roads have been constructed on Swede Heaven,

Horth Hountain, and the lower slepes of Soush Fork and Hide
dle Fork Ridges. After logging ceases, these roads arc not
maintained. They can be traveled by Jeep or truck for sove
eral vears but eventually wesh out and are impassable exe
cept on foot, In the summer of 1956, the Porest Service
surveyéd a road route along the west slopes of South Pork
fidge o the vieinlty of Coney Pass and another route along
the eastern slopes of South Fork Ridpe. Thesse roads pros
bably will be constructed during the next faw yearss Infore

mation on currently passable roads mav be obtained 2t the

E

Forest 3Service office in Darringston, Aceess to the northe

western portion of the area iz obtained on privately owned
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logging roads eontrolled by Puget Sound Pulp and Timber

Company. Permission to travel these roads must be obtal ned

from the compeny's logging superintendent at

A gateekeeper lives the year around at the
Ureek Operations headguarters. The logging roads are pas-

sable from the late spring until the late fall,

ed by the remnents of a onee extensive systen of trails,

With the exeception of the trail to ths Biggine Hountain
Logkout, the tralls have not been regularly malntained for
many years, In many places, they have been obscured by fals
lon trees or washouts. Even in their bresent wretched gtate,
those trails provide sasier travel than Q?&@gﬁﬁﬁﬁﬁ%? "brush
smashing®, The appraosimste &mggtiaﬁ& I these trails ars

shown on Fore @% Service maps and some county maps,

which is a northerly Hountain, and Jound

dounbain, South Fork Ridge, and Horth lounts sing which are
north to northwesterly trending ride &ess The highest point

on Hound Hountain 1s 5396 feet zhove sea level, The lowest
point ia the valley of the 3tillaguanish River is about 270
foet above sea level, The north and south faces af'%iggiﬁg
Hountein and the northeast fsce of Hound Hountain are precine
itous eliffs, Host of the rest of the mountaing are not as

gteep and usually can safely be climbed without regort to




rock ellmbing technloues,

Pregipltation 1 parhicenlarly as gnow dure
ing the wintar an . and springs The summers
Lo g & e }

are usually cool and deye There is considerable anosw in the
higher elevation y early summer, It is

nat undosnon fop

elevations for z menth or sc winter, Seatbered vabches
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where in many places 1t fully deserves belng called Jungle
Fost of the slopes support a heavy growth of Deuglas Fip,
hemlock, and cedar. Undergrowth in the wooded areas ranges
from absent to Jungle, Fallew trees up to 4 an d 5 feet in
diameter litter many of the wooded arsas and make travel

off’ of the trails exhausting, particularly under heavy pack,

e

Hor are fallling trees any respecters of trails. Except

for the Hi: Luckout trail éﬁ%ﬁ@ﬁ Lress reoulire a core
 } %

tain amount of é%%ﬂﬁ?iﬁg¢ There i1s little if any btrue al-
pine country in the area, Bavren rock slopes, heather nmea=
dows, and sbunted t are linited to the dip slopes and
joint-controlled surfaces of the highest parts of the ares
underlain by the Swauk formations Almost equally nigh areas
underlain by the low grade metamorshic rocks usually support
large trees up to the crests of the ridges. Soil cannot

accunulate on the dip slopes and jolnt surfaces of the Swauk
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in which large trees may grow,

HoaRTvin

g the

ip&n

The present relilef @? the Csscade Hountaing !

4

result of a late Tertiary uplift along & sorthegouth axlis,

This structure plunges to the south, gas of proe

Tertiary rocks are exposed in scuthe: - Columbise and
northern Washington but the width of exposure aarrows to
the south as 1% passes under Tertiar y sedimentary and vols

canic rockse. PreeTertiary rocks are very suberdinaste scuth

The pre-Tertiary history of the Horthern Uascades

has mrsrized by Hisch (1951,1952), The Horthern Coge

cades consist of o northwest trendin ! gnelissose core sure

rounded by Palsosocie sedimentary rocks snd andesitic to

bagaltic voleanic rocks, whieh are thrust ous
2

from the core over Jurassic and Cretaceous sedinmentary and

veleanle roeks. The Pal wﬁgazg rocks are largely

2%

sosolce and locelly fessilifercus. The litheloz

cal of the eugeosynclingl depositional environment: shales,

impure siltstones, graywackes, ribbon cherts, Limestones,

o intermediate volcanie rocks, Part of these

g_i“

and basig -

sedimentary and volcanic rocks were mebanorphosed into slates,

hyllites, greenschists, bietite . sehists, and amphibolites

™

during the Hesomoig orogenies. The gneissocse core was also
=
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and econglomerates, Fole

&
2
p
b
W
&
L
i

Eogilr % ey v g o8 B i e B s sy T o et g e Tyl g
ool Lhese sedimentary rockg, there was

Cascades, The depoe

folding and by Loeens and

k>

as stooks asnd small bathelithas, In

ioeene time, the Co-
in esasbern, central and
the Pliocene uplift the

ey

andesite voleanoces formeds The tepography

wiich developed followlng the uplift was greatly modified by
Pleistocens conbtinental and slpine zlaciation,

untaln area lics in bhe western foote

hillg of the Horthern Cascadeu, beveond the central gneiss

@ re but within the range of the overthrusting, The low

wle metamorphie rocks were probably derived fyom the

ary and voleanie rocks but no definite

Deyond the area covered in this report,
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iz
were parallel to the miecroscope axis, The compositions were
then determined by the extinetion angles of the oriented
ervabalg,
Three arkoses selected az repressntative of the
Swauk=Chuckanut formation were disaggregated by a combination
#

of erughing end boiling in sodium hyposulfite., The dise

aggregated samples were put through a standard nest of

sereens on a Ho-Tap machine for mechanieal analyses, Heavy
minerals were separated from several {ractions in bromes

n oils

Yt

from, The detrital heavy minerals were examinad

under the petrographic microscope.

Proi'essor Peter Hisch gave abundant and generous

%

time, guldeonce, and encouragement in supervising the prepe-

aration of this repurt. Fellow graduate students conbribube
ed advice and discussion in problems in geology. Je A
Vanee was particulerly helpful in discussing related pro=
blems in the Sauk River area and permitting thé use of the

s

manuseript of his thesises Dr. e Y, Chaney of the University
of California examiped the fossil leaves, The U, 9. Forest
Jerviee Ufflece st Darrington furnished adviee on veads and
trails and granted permission Lo enter closed aveas, Puzet
Sound Pulp and Timber Company gave permission to use t

ng roads and to work on their propertves The Simnons

B g B

famlly of Deattle generously gave the use of

the Stilleguamish Club, Carl Softhy went along in the field




on several of the most diffleult treips,

Above all, I wish to express my grabitude to My
wife, Doreen, who accompanied me in the fisld on one
oceaslion, typed the roupgh draft of she report, and provided

the entire finanelsl support for the study,




PETROLOGY AHD STRATIGRAPHY

fouef
®

In the Higgins Hounbtailn area, most of the stratie
graphic units must be defined in petrographic terms, and

therefore stratigraphy snd petrology must be discussed tow
gether,

The eastern part of the area is underlsin by phye
llites, greenschists, and greenstones of | pre=Tertiary ag
A small body of medium grade hernbleondesquart-=dioritie
gneiss is belisved to be a klippe of a thrust from the east.,
Hedium grade hornblende=plagioclass schists may be part of
the same tectonic unit as the gneiss, or @may be in place
and represent a westerly inerease in metamorphic grade,

Scattered exposures indicate the presence of a body
of diorite which may hove intruded the Swauk formsti on. The
Swauk formation apparently has been intruded by labraderite
porphyry and by peridotite, Dikes of andesite, labradorite
porphyry, and diabase also cut the Sweuk formation. The
low grade metamorphic rocks have been intruded by basalt,

diabase, and gabbro. A thick sequence of dacite flou

‘f’rw

rocks
s in fault contaet with the Swauk formation,

The western portion of the area is underlain by the
continentul clastic sedimentary rocks of the Swauk=Chuckanut

formetion (hersafter abbreviasted as Swauk forme bion) of poge




L5
sible latest COretaceous and definite Paleocene age, The
dominant rock type ig fine to medium grained arkose, PFine
grained clastic rocks are subordinate to the aveni ites, and
conglomerate is minor,
Fo attempt hae been made to subdivide the Cuare
ternary alluvial and glaclal deposits or $o study economic

features, :

Hog

Low Grade Metamorphic Rocks

The low grade mebamorphic rocks which underly the
area have been divided

agig of dominant rock

*”‘S
a
]
b
¥

e
&
ym)
«w
¢
@
o

and the greensehist unit, consisting of ordie

nary greenschists, blue-amphibole schists, and minor intere
bedded phyllites, The term "unit” will always be a part of
the name of the stratigrephic units and will never be used

in referring to the petrographic subdivisisns, The rock

@.s.

types are described on a petrographic bosis, regardless of

; it o i 3.8 o . - P
positionss Gince the same rock types

&
are conbalned in both stratigraphie units, snd sinece the
stratigraphle distinetion is based on the relitive zbundsnce

of these rock types, it is necessary Lo keep the stratie




16
to define the petrographic subdivisions separately, They
are: ordinary phyllite, containing sericite, guarts, and
minor albite; albite phyllites and albite schists,containe

ing sericite, quartw, and abundant alblte; schistose cone

glomerate; ordinary greenschists, containing albite, epidote,

tremolite or actinolite, and minor quarts and chlorite; and

blue-amphibole schists, containing albite, epldote, blue

amphiboles (sodie actinolite, glaucophane, crossite) and
ainor quartz and chlbrite. In discussing these rocks,

the unqualified word "phyllite" will be used to inelude ore
dinary phyllite, albite phyllite, and albite schist; the
term "ordinary phyllite" will be restricted to those lacke=
ing abundant albite; "albite phyllite" will be used to ine
clude albite schists since the difference is in grain size,
not in composition; the unqualified word "greengchist" will
be used to include ordinary greenschists and blue-amphibole
gehists} the term "ordinary greenschists" will be restricted
to those lacking abundant blue amphibolea.

All contacts seen between the phyllites and the
greenschists are well defined., The eolor contrast between
the green colored schists and the Wack phyllitea is strong,
The phyllites are finely schistose and flake off at the oute
erop; the greenschiste are lesé finely foliated and tend to
break off in blocks and chunks (Figs 2), The contacts are
sharp and clear. No rocks irntermediste in composition bee

tween phyllite and greenschist were seen in the area,
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The contact @ btwo stratigraphic units,
orn the sther hand, 1s terag of the ratle
between phyllite and gz from the phyl

ges g balt of

8 . s

interbedded phyllites and groenschists of varicus thicke

negsed. For convenisnce in mapping, bhe trsnsitionsl intore

bedded zone is considered a part of the phyllite uni ite This

zone is well exposed in South Braneh valley betwesn 13
to 2 miles above its junetion with the Stilleguomish River,

ional zone exists throughout

Bt
the ares, Bast of the transitionsl inberbedded zone,; no
greenschiste were seen in the phvllite unit.

The relative stratigraphie positions of the greene
sohisgt uﬁi@'%aﬁ the phyllite unit ave uneertain, The greene
sc¢hist unlt appears te lie above the phyllite unit, How=
sver, the structures are not well known and therefore the
geratigraphic sequénce is uncertain,

The low grade rocks are overlain by the Paleccens
Swauk formatione ?mww@m;mwy@ﬁgmﬂm*ﬁmﬁ@mﬁxwv
No fossils have been found in the low grade roeks of thig
arca and thus no dating 18 possible on the available evie
dence other than pre-Tertiary,

Por convenience, the greenstones are discussed with
the greenschists, The relstions of the gresngtones to the
cther rocks are uncertain. They are probably not part of

the greensehist unit,
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19
Phyllites

The phyllites include three related rocks: (1)
ordinary phyllites; (2) schistose conglomerate; and (3)
albite phyllites and albite schists,

As a rock name, phyllite means a dense, schistose,
rock characterigzed by abundant fully reerystallized sericte
but in which other minerals, generally quartz and a little
albite, may be entirely clastic or in any degree of recrye
stallization. This is the most abundant of the rocks of
this petrographic subdivision, The conglomerate is very |
minor compared to the phyllite, only one outerop of ine v
terbedded schistose conglomerate was discovered in the pree
sent area, Albite phyllite and albite schién differ from |
ordinary phyllite by having conspicuous quantities of ale
bite, The ordinary phyllites eontain 15% or less of albite,
the alblte phyllites and albite schists, 30% or more. The
relations of the albite phyllite to the ordinary phyllites
are uncertain but they appear to be intimately interbedded,
However, the albite phyllites are more or less restricted to
Jwede Heaven.

The phyllites are exposed in the valley of the
Horth Fork of the 8tilliguamish River between North Mountain
and 3South Fork Ridge, in the valley of South Branch, in the
steeper tributary stream beds which descend the sides of
these valleys, and on logging roads on the south end of
South Fork Hidge and the west side of North Mountain. There
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are occasionsl outerops on the densely wooded slopes of
the hills where the soil cover is often as thin as one foot,
The root systems of fallen trees oftten renoved the soil
when the tree fell, Rock Gxposures as much as twenty feet
in diameter were formed in this fashion. Finding outcrops
on the wooded slopes 1s by no means hopeless but plotting
such outerops in a map is not easy, Small amounts of
phyllites are interbedded in the greenschists on South
Fork Ridge,

grginagx ghxlliteg

The color of the erdinary phyllites is usually dark
gray %o blaeck but it ccecasionally may be light gray. The
color may be uniform or there may be narrow banding with
. darker sericite and graphite rich bands eontrasting with
lighter bands of quartz and albite or with quartsa exudatioh
| lenses, The rock is dense, |

Closely apacéd 8trong foliation characterizes the
ordinary phyllites, The schistosity planesg usually have A
been deformed into folds ranging from a microscopic size
to small folds several inches high and a foot across, Uge

ually the folds are open and without overtunned limbs, but
there has been some 1soclinal folding and shearing out of
folds. Hxudation lenses of quartz are coumon in the more
deformed ordinary phyllites, More than one schistosity free

quently is present but may not be @pparent in outerop, Type
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ical outcrops are shown in Fig, 3 and a microscopic fold
is shown in Fig. 5.

The composition of 7 typical ordinary phyllite
specimens studied in thin section ranges from 20 to 75%
quartz, 1 to 15% albite, 10 to 704 sericite, 2 to 20%
graphite, and accessory chlorite, pyrite, magnetite, and
limonite, The average of the essential minerals is 45%
quartz, 10% albite, 4O¥ sericite, and 5% graphite, Tho ave
erage grain size of the quartz and albite is about 0,05 mm,,
the largest being about 1 mm, and the smallest less than
0,01 sm, In phyllites with crystallisation foliation, the
quartz and albite are suberectangular and form & pavement
texture, Similarity in size and shape and the rarity of
twinning make the aiblte difficult to distinguish from the
quartez unless nume rous grains are examined in convergent
light, The compositional bands of quartz with minor ale-
bite are less than 1 mm, thick {Figs. 4 and 5), Quarts
exudation lenses may be several inches thick and a foot
long. In the field they may be distinguished from the ordie-
nary compositional bends by their sige, by the presence of
cavities, and by their having displaced schistosity; under
the mleroscope, by sutured textures, larger grain size, and
absence of albite (Fig. 6). Post=crystalline shearing has
affected most of the ordinary phyllites, causing undulous
extinetion in the quartsz, especially in the larger grains,

The sericite ranges from sub-microscopic shreds and wisps to




aring. The second sehistofity, 8p, ran

about 0,01 wm, thick and 0,1 i, longe

¢ up to 0,05 mm, thiek, The graphite
and is deceptive as to the amount ﬁ@ﬁﬁ&lig
often costs the surfaces of other mine
gclally sericite, The pyrite ranges from aboug

5

Buhedral cubie

may bé encloaed in

delineated by compos

S

strony preferred orvientation not only of the seriecite but

of the elongated quartz and albite {Fige 5)s This is

o

loast form orientation. It is not known 1f the orien=

oin 18 at the szame tinme lattice orien tation, Ho racew

Qﬂ-«’!

ization cecurred during any of the later periode of

&

from ineipient

Lo intense, In the inecinient stage, the trace of a2~ is
& ] 2

marked by widely spaged, lrregulsr films of

]

graphive (Fig,

e,

in the more intense stages, the sericite cut by the

actual shear planes has been pulled into sg, bub bhe serie

came

more remote from the shear plaones has rome

he intensity of deformstion ineressed, the 85 planes be-

ore and more of

more numercus and elosely spaced,

522%

the ultimate & stages,

lw

sericite was pulled inte Sze In

bz and albite alss have bean
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Outerop of ordinary phyllite in which the most pro=

minent plansr surface ig 8¢ The surface which
strikes from left to right and dips away from the
cbserver was proved to be sy by thin section study
of an oriented specimen, The thin section is

shown in Fig. & and the handspecimen in Fige 10,



Fige 10 Lineations from the intersection of schistosity
plenes in an ordinery phyllite whieh hes three
8 planes,
As Handspecimen showing three s planes and the
directions of the lineations on each surface,
B. Sketch showing positions of ﬁhe traces of

the intersections of the s planes,.
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schistose conglomerate

The locality where ecoarser material is intercale
ated in the phyllite is about 4 mile west of the North
Fork of the Stillaguamish River at a.peint about & mile
north of its junction with Crevice Creek, The schistose
conglomerate is between 50 and 100 feet thick. 8ince the
schistosity is not as well developed as in the enclosing
phyllites, the rock appears comparatively massive in oute
crop, Closer inspection reveals that it is strongly foliate
eds The rock appears to be poorly sorted. Most of the
larger grains are fine pebble 8ig%ew=l t0 6 mm,e-and most
of the groundmass grains are 1635 than 1 mmee=coarse sand
and smaller, Preferred orientation in s of the elongated
pebbles is weak (Fig, 11).

| The rock consists of L0% rock fragments and 60%
groundmass, Of the total rock, 35% is pebbles of quarte
zite and chert and 5% is pebbles of fine=grained voleanic
rockss In the matrix, 45% of the total rock is fragments
of quartaite and chert and individual erystals of quarts
and albite, l«2% is muscovite and sericite, 10% is altered
biotite and 1=2% is leucoxene,

Bssentially clastic textures are preserved with
cataclastic textures superposvd, The pebbles are sube
angular to subrounded, The maximum size is 7 mm, MNost of
the pebbles are very fine grained qﬁartaites or even finer

grained cherts., The few volecanic rock fragments are mainly




3

omposed of laths of plagioclase 0,1 to 0.2 mm, long,

The composition of the feldspar is now albite, HNo mafiecs
are present but there is a small amount of cuartg,
The groundmass conslsts of angular to subesngular

Pragments of chert, quartzite, and voleanic rocks as well

the grain size of the other minerals ranges

from a maxismum of 1 wm, douwn to submicroscopics The

pleochrism of the biotite ranges from strong to very pale,

The larger grains of both micas lie in the foliation but

the smallest wisps and shreds of sericite may have any ore

ientation among the grains of the groundmass, In contrast

te the sbundant recrystallizatisn of sericite which chare
he enclosing phyllites, these tiny unoriented
sericites represent the only recrystallization which has

cceurred in the conglomsrate,
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albite phyllites and albite schists

Yoat of the albite phyllites (including the ale
bite schists) are on Swede Heaven, 0One cceurroncs was
found on the east end of
some interecalatiosns of
belt along South Fork Ride

The

w

piid

color of thess

of the ordinary phyllites. Light no dark shades of

are more common bhan black, The presence of susll amounts

A few roocks

of cafemic minerals msy csuse
with large amounts of cafemic %ié%f&lg are light grayish
greens., ‘The colors are somebimes uniform but mors often
there are light and dark compositional bands or mottling
aused by lightecolorad porphyroblasts or light colored

=3

lenticles of quartz and feldspar, Albits

e

orphyroblasts as

large as 1.5 mm. may be seen on some of the sehists, but

3

able grains of any mineral are generally

i

1]

megascopically vi

no larger than 0.5 mm, Light eolored lanticles several

o

millimeters across are common buab they are aggregstes of

et

smail :ins rgther than porphyroblasts, Guarts exudetions

similar to the deseribed in the ordinary phyllites are

&

found occasionally, The muscovite is rars seopically

3,

visable, even in rocks with conspicuous

blasts, The schistosity is generally ecosrser and the grain

larger than in the ordinary phyllites, the defsermation

of the schistosity is gomel 1 intense than in the
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ordinary vhyllite. Isoclinal folding and shearing off of
folds on a seale of less than an inch has cogurrad in sone

of the alblte phyllites, Hore than one sehistosity may be

present but this may not be apparent in the field, Typleal

L e 3_2,

outerops are

3 ®

“he composition of albite phyllites studied in

i

‘rom 1 to 507 quartsz, 5 to 60% serlelte,

513

)

The aversie of the essenbial minere
serieite, and 409 albite. In all bus

®

18 present in amounts ranging from

a trsce to as much ss 20%, Minerals present in some bub

not all of the rocks are; epidote group, up to

up to 233 graphite up to 10%; and pumpellyite, up to

30%. ‘ftraces of tremolite, sphene, stipnomelsne, pyrite,

tournaline, lawsonite (7)), and late carbonate ere prasent

The quarte grains range in size frem submicroge
cople up to 0.2 mm. in the groundmass, Huarts in exudation
lenses is cosrser, up to Ou.h wn., Undulous extinetion is
cowmon in all cccurrences of cuarbts, The slbite Torm 18 pOre
phyroblasts or is groundmass grains indistinguishabls from
quarts except under convergent light, Forphyroblaste

3

are absent in three of the speeclmens, in the remeinder they

the rock, The maxisum size of the

fora from
albite porphyroblasts is 1.5 mm, Twinni ing is rave, both in

cite,; tremos

[

the groundmass and in the porphyroblssts., Ser

&




litey, graphite, clinozoisite, and epidote inelusions in
the norphyroblasts frequently are aligned in trends which

are mpmnants of the pre-porphyroblast gehistositv of the

£%

mabriz (internal 8 = @i}, The allignment of the inclusions

in the albite porphyroblasts {s4) ususlly parallels the
direetion of the external 81 {851)e These prophyroblasts
grew under essentially sbatic conditions after a none
porphyroblastic schist wss formed under synkimemastic condie
tlons (Fig, 13). GSeparallel minerals not needed to make
the albite wers engulfed but not distrubed by the porphy-
roblasts. Those componenis of minerals assimilsted by the

porphyroblasts which were not used to make slbite were BE T

&

new mineral groins. Calecium, aluminum,

X 5

some iron went into clinozoisite snd gpi-

>

§

apgnesium went into tremolite which is rare in the

groundmass of these rocks but is s common inclusion in the

porphyroblasts., This lncluded s {84) is an indicator of
the original direction of 8y in rocks in which post-erystale

line shesring has more or less eliminated 81 outside of the
porphyroblasts, The curved sy (Fig. 14) is not the result
of a static growbh of porphyroblasts ascross a previously

folded sehistosisy (Helecitic structure}, but it represents

an incipient stage of the seshaped patterns so well known

gy

from snow bsall garnets, This kind of curved 84 represents

rotation duri porphyroblastic growth, that moans growth

under synkinemetic conditions. Thus the poy ~phyroblagti
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albite growth has not oecurred during a later and altoe-
gether unee lated episode of & sebamorphiss but represents a
late stage of the same episode of m%ﬁam&r;hi@m during whiech

]

the schistose matrix was crystallized. The porphyroblast tie
growth began during the clese of the synkinematic phasge

5 P

{lateskinematio stage), continued into and reached its

&

Ereastest development efter the end of the deformation {poste

&

kinematic phase),

[

Host of the sericite ranges from submicroscopie

shreds and wisps to crystals 0402 mu, thick and 008 mm,

Ey}
"y
o

long. 1In a few of the schists, the sericite is o large as
Y08 mm, thick and 0.4 m, long. The ehlorite forms as
individual erystals ranging in size from submicroscopic
o U004 mm, thieck =nd 002 mm, long. It aslso makes
lenticulsr felted aggregates which are ss much as Ok mm,
BCroBs, Sliﬁaﬁhlér@ vceurs about twice as often ay

%

pennine, the two sclden occurring in the same roek, The
epidote group minerals us wally ave clinozmoisite or 17one
poor epldote; one speeimen containg zoisite, The epldote
group minerals usually range in sisze Lrom submicrosconie bo
0«05 mme; in one albite schist a few grains of clinozoie
site are as large as Ue5 mm, fost of these minerals are in
the quartz=zlhite groundmass but grains up to 0,07 mm, are
included in the albite porphyroblasts, The leuecexene vecurs
a few ﬁﬁﬁﬁ?a%ﬁé of & millimeter in dismeter and in

ic apgregates of submicroseopic graing, Craphite
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zeba a8 a pigment in the dsrker rocksy as in

it masks the other minerals by goating thelr surfaces and

pa gnd shreds in the groundmass,

The 8y is represented by compositional bzﬂﬁéﬁh,

alignment of inclusiong in z2lbite porphyroblasts {%i?, pro=
ferred orientation of some of the serieite and chlorite,
and, in a few of the rocks, preferred orientation of elon-

gated albibe porphyreblasts, Post-crystslline shearing has

£

¥

aifected all of the specimens studied, The resulis of this

[

shearing range {rom undulous extinetion in acuartg through
inciplent stoges of s, to intense development of sp (Fig,

13 through 17}, The traees of the ineiplent stages of 8.

f',,.:f,‘

are not consploucus in the rocks with low graphite and
¢hlorite contents., Howevse, if either graphite or chlorite

e ent in sulficlent amounts, they will often mark

*%
o

G

m

the trace of s, even in rather incipient stages (Fig. 15).

&

The alignment of the inclusions in the porphyroblasts indi-
cabes the direction of g even in these schists in which s,
has nesrly obliterated sq outnide the porphyroblasts, Ho
Sq has been found in those rocks,

48 in the ordinsry phyllites, the lack of recry-
stallization during the formstion of 8p made it a pléﬁ@ of
weakness., Therefore g of'ten is the most conspicuocus planay

I
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oULeron, coarser grained rocks, it is
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sericibe
that the total defomation of those roeks 1s actually sbout
the same as that of the phyllites and, because the albitee

3 Hd

guarty rich beds are relatively competens, the deformabion
& F ¥

vely by the less competent beds,
Anestionsg are not a3 numercus or as varied as in
the ordinsry phyllites, The intersection of gy and s,

causes ridges asbout 1 mme soross on the schistosity planes

of asbout a guarter of the specimens studied, Lineations

from drag folds on the same scale as the lineaticns from

folds of 87+ These Tolds are on the order of one to soveral

inches across, Because these rocks are relatively coarse

ayen ii 81 cannot be 8
2
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Macrophotograph showing the incipient stage of 8o
in albite phyllite, By is from left to right and
is murked by compositional banding. 5, is from

lower left to upper right and is marked b wldely

separated irreguler films of graphite, Ordinary









Fige 17 Macrophotograph showing isoelinal folding of 8¢

and shearing 'ut of those folds in slbite phyle
lite, The leucocratic bands are albite, the
darker areas sericite., This rock contains 60%
sericite and 40% albite., Fig. 15 shows that a
rock from the same outerop which contains 30%

sericite and 60% albite and quartsz lacks this
tight folding,
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made for rocks which
"look blue™, yet of the 18 specimens studled in thin section,
Y are blue-azmphibole schistss It 13 thus obvious that thew ,
blue amphibole schlsts are widely distributed within andg
form a large proportion of the greenschist unit,.
The greenstones may not be relsted genetically to
the greenschists and élm@aaﬁgii%ﬁlé gchists but ere includw

tose rocks were fonm
tially the same

— ; s B kP
gre on coubn Foryk

£ T
@mein greenschist b

metamorphie

cannot

e

rock bypes

k7 d

y interbedded; any

enschist and bluseagmphie

they represent the statlie equivalent

gehlge

zone under which the corresponding
meds The mineral assemblage is essen

gre

in the greenschists, The enstones

Hidge, bubt at lower elevations than the

56570

ordinary zreengchists
The ordinsry greenschists are usually light %o

medium gravi

[

shgree

The color ls seldom uniform,

of albite and eni

on some of the rockss Un others there are light and dark

d

n; & few are moderately dark Eréyegreen,

»

2ANg

ff A

gascopleally visible

«"

obe form light colored flecks spots
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001 ame to 0.5 mm,  Yeveral albite porphyrobls

the o
sehilsts, the alblte zreing are subrectangular and, ESP8 0w

islly in sections eut parallel Lo the lineation; ¢
% t

in 8. Host of the alblte contsins
sligned inclusiocns of apidote, amphlbéle, sericite tey, and fine-

ly divided opaques, The direection of alignment of thase

chie sehistosity outside

the porphyroblasts have

urved trends of inclualiong, Fease oning similar to that used

"3

bhe alblte schists suggests that

aF

gan during the lag

extendad into g postikinematic

dote ferms anhedral grains ranging from sub

mierogscople to as large as 0.3 mm. Some of the larger erye

gtals are subhedrsl, ?@“& Lesz consisting of many small

and/or se nake up lenticular masses up to

1.5 mm, aer enses and bands of essentially

o and

epldote plus a 1ittle cuarts and amphibole sre co
may be as thick as several mill imeters, The epidote gens

erally ig eslorless

nonpleochroic, In twe speeimens

g

[#24

““.’5
§m&v

;

ome of the

.ﬁ%‘
&%
o

thevre are 5

nt yellow colers in the cors
larger erystals., The maximun birefringence ranges Trom

0.018 0 0,040, The n negative 2V is generally about 800,




%
5&

series elinozoisite-epidote

e,
St
it
Nk
W
b

ol the iren

specimen, the iron molsecule is

inieroscople to 0,015 mm. shick

Usuelly the chlorite oceurs as lenbie

up to U5 mme zeress, Serieite and

ruscovite are present in & of the specimens as graing from
¥ derived [{rom
the rocks, They range

mme  Pyrite oceours in 3

is ineloded in slbite

specimen in which stilonoemelane formed

i

ngular crye

stals sboub 0,1 ma. long included in albite

porphyroblasta, to 28 of muscovite up to 0,05
mie thick and 0,2 mm with rectangular subhedral
e wide and 0,2 amm, long
{?7) has a maximunm birefringenee

of 0,019, The interference colors are normal, The optie
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60
developed; terminations are ususlly ragged, The amphiboles
lie with their elongation gemerally parallel to s, In some
of the rocks, the elongation of the amphiboles is also
parallel to the lineation, in others the grains lie in hape-
hazard attitudes within s, The amphiboles bend around the
pqrphyrablasts of alblte, giving the impression that they
were shouldered aside during the growth of the porphyro=
blasts The albite porphyroblasts include a few amphiboles
of the same dimensions as those in the groundmass, but the
general sigze of the included amphiboles is much smaller,
These tiny acicular included grains appear to be the same
amphiboles as those of the groundmass,

The amphibole group is a complex isomorphie geries
with a number of end members and numerous intermediate members,
In the greenschists, three types are present: tremolite
and actinolite, the end member and intermediate member of
the series tremolite-actinolite-ferrotremolite (¥Winchell,
1933, ps 245); and sodic actinolite, an intermediate member
in the series actincliteesodic gctinaliﬁawglaucophane.or
crossite (Misch, oral communication). In all of the amphie
boles in the ordinary greenschists of the area, the optie
plane is parallel to the elongation of the crystals and the
length is slow, Host optic data is of little value in sepe
erating tremolite from actinolite. In these ordinary green-
schists, the tremolite has a maxdmam birefringence of about
0,020, the negative 2V is nearly 909, and the extinction




les between z and ¢ in (010) range from 15 to 209,

ang
The aetinolite hos a maxi of sbout 0,022,

the negative 2V is between 80 and 909, the extinction ange
iﬁg between 2z and ¢ in {010) range from 17 to 20 ¢ and there
is a faint pleochroism, with z# faintly pale green Lo pale
green, y ® faint grayish green, x & colorlsgs to very pale
yellows The distinction between tremolite end actinolite
is essentially made on the basis of the absence or presence
of pleocchroism, The aetinolite in these rocks usually has
very faint colors, and probably is close to the tremolite
end of the series, The sodie actinolite is similor to the
acbinolite except s:ie in (010) is 12° and the pleochroiszm
is 8 ® very pale green with & bluish cast to pale bluish
green,; vy s faint gravish to bluish green, and x = foing
yellow. The sodic actinolite usually occurs as the cores
of zoned actinolite erystals, The guantity present in
rocks classed as ordinery greenschists is very minor ¢one

pared with that present in rocks classed zs blue amphibole

There is a fairly constant relation between bhe
kind of amphibole present and the amount and iron molecule
content of epidote in the rock, Tremolite oceurs in the
rocks with the less and iponspoorer epidote, snd actinelite
in those with wore and iron-rvicher epidote,

The zchistosity of the ordinary gresnachists is

ﬁark :d by eompositi-nal banding, elongated amphiboles, aligned




o

e
ciusions in the albite porphyroblasts, preferred orien-
tation of the albitve porvhyroblasts when they are elongate
ed, cnd preferred orientstion of some of the mica and
chlorite, Lineations are not commen. Since there is little
post=trystalline shearing and no 85, lineations from the

intersections of & planes are lacking, In 2 few of the

specimens, the elongated amphiboles show a linestion which

i

may be visible in hand specimen, The significance of thi

Lol

not known, Since there is little post=Crye

ot
o

linention
stalline shearing, this linestion is a result of the defore
mation during the syvakinemstie metamorphism in which the

schrist was formed, and probably represents b Llinestion,

i, 4 2 &5 7% ’(V';" 288 1"",""“ =
blue-amphibole schists

The overall ccler of the blueeamnphibole schists
usually 1s a medium bluishegreen, The tone is often darker
and the color wmore uniform than in the ordinsry greenschists,
degascopically visible minerals are less common, Urains of
albite up to & mm, in diameter are visible in several of
the specimens. There ae a few irregulay segregations of
light greenish~yellew epidote but compositional bands of
epldote are rare, Amphiboles 28 much a8 1 mm. long are visie
ble in some of the speeimens,

Th

&

megascopic differences between the ordinsry

widix
5

and the blue-amphibole schists are slight,

¥
t

gresnschist

in general, the blue-amphibole schists are bluish, are often




darker and generally wore unifornm celor, compesition,

and grain size, and are finer grained than the greenschists,

These are gross features of the blue-amphibole schists as a

&

dual specimens of the two rock

whole; indivi
very similar in megasgople anpesrance.
‘erence betwoen the ordinary greenschistsg

@
and the blue-amphibole schists is the presence of asbundant

in the latver, HNisch's unpublished data on the opticsl pro=
pertiess of the blue amphiboles are the basis for the study
of these minerals in the ares investipgsted: the blue amphie
boles are the sodic members of the system actinolite-sodie
actinolitesglaucophane-crosaite; an unnamed uniaxisl transie
tion member exists between glaucophane and crossite; Yerosss
actinolite™ is a rare form of sodie sctinolite with crossite
orientation (Misch, oral cormunications and lecture notes),
The compositions of the 9 blue-amphibole schists
studied in thin section range from & trace to 104 quarts,
10 to 457 albite, 15 to 60% epidote, O to 107 chlorite,
and 20 to 65% sodie zetinolite, glaucophane, and crossite,

P ool

The averuge asmount present of these minerals is 3% quartsg,
25 albite, 30% epidote, 3% chlorite, and 40% amphibolie,
Finerals found in some but not sll of the schists are: HUBCO=
vite and sericite, up to 2i; sphene and leucoxene after
sphene, up (o 5%; stilphomelane, up to 2%; and traces of

pyrite and carbonate,




ed ecrystals which somebine

o b & s # £ 5 T E e by 4 et
as secatbered groundmass grains 0,02 to Q.25 mm. whieh

O
£y
3
fa
b
o
ﬁ;*

are indistinguishsble from albite except under convergent
4 i3 N Yo & ol g AR N 3 e e 2 P % . o @ PR
Light. The zlbive differs from thut deseribed in the Grdie

in thet it is less often porphyroblastie,

size being about 0.2 mm, The amount of

2

is szbout 159

Qe

albite present in the blueesmphibole sehists
less than in the ordinarv greenschista,

There is an sverage of 5% nmore epidote in the bluew
amphibole schists than in the ordinary gresnschists, Thisg
epldote was 2 somewhat larger avorage graln slge and reaches
2 maxlmuw sige of as much 88 0.5 mme The ivon content is

k3

higher than in the ordinary | greenschists; thus distinet

o

plecetiroism is fairly common, the birefringence ranges bee

Luwean 0,027 and 0,050 and the (=) 2V ranges bebtween 70 and

809 Accerding to VWinechell, (1933, p. 313}, these properw

i

ties indicste an epidote ranmging from 20 to 35% of the iron

0

gpldote molecule,

1 2 of the specimens,

fivts

Chlorite is apparently sbsens
is pennine in 5 and clincehlore in 2, Muscovite and seprie
cite are present in L specisens in plates about 0,03 mu.
thick and 0.15 mm. long., Sphene and leusoxene which PrO=
bably ia mostly after sphene are present in 4 speeinmens,
and pyrite in 3. GStilpnomelane has formed as an alteration

produet along fractures in L specimens,




died in thin

o

o 8 » . vy § Besn D o oamln o mte e spdes
Gf the 9 blue-~zaphiboles schists st

. 3 s - PP T N e i WV S s T rT i,
en, @ contain only sodie setinelite and 7 contain vore

ious proportions of sodie aetinolite, glauesphane, and erose

il

approzimately, the distribubion of blue amphiboles in the

&

aectiong studied is:

sodig
imen astinolite pglaucophane crossite

2/55/7 158 5% >
B 15 10 1

1 20 30 trace
5 trace 50 trace
3

2

3
ot
W5

20 trace
25 25 15

&
/7 50 e -
6/11 25 15 trace

Based on the above determinations, the averasge of
the blue-amphibole aschists contains perhaps 20% sodic acbie
nolite, 20% glaucophane, and less than 1% erossite,

The blue amphiboles range in size from aciculsr
tiny grains to erystals as much a8 0.2 mm, thick and 0.8
ma, longe The larger erystals are usually thicker in 22 4o T
portlon to their length then are the smaller crystals,
Host @f the larpest ervstals are ecrogsite, Ths general
size Scoms to range between 0,02 and 0,1 mm, in thickness
and 042 and 0.5 mm, in length, Prismatie faces and amphi-
bole cleavage are strongly developed, terminations usually

are raggeds Host of the crystals are sharply parallel to s




by the alignment of the amphiboles, In linsated rocks,
thelr erystal
diffienlt to

curvencen, The

gar?li%l o 8g, but a few follow curved patbterns {(Pilg. 22},
Glaucophane forms independent erygtals, coves of
goned crystals largely composed of sodic actinelite, ov
zones between the uniaxial menmber gad zodie achbinclite in
erosglite-carsd grains, Vhen wwaﬁaﬁgngﬁa ias gr@ﬁ@ﬁa in the

~ocke of the area, it is sliays more common than arossite,

“he ercssite ususlly being very minor, The optic plane of

glaveophune lies in (0LO), The maximum birefrinzence is

about 0,020, The vaximun 2V is estimated to be («}50

other (=) 2V's ave estimated to be 40, 25, 15, 10, and 5$.
;O

The messured extinction angles Zie in (010) are 109, L°,

and 2%, The pleochrodsm is1 X 2 colorless to pale vellow

fity
%

faint bluish violet to vielet; Z ®= faint blus to blue,

i

e

e
u?
5

i

birvefrin

enee, optic gsgl@; and extinetion angle all dew

¢reagse as the composition spor Qaeh@g the uniaxis L member and
erossite, but the intensity rf absorption ineregses., The

uniaxial member forms a zone between glaucophane and crossite
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tlon as some Lizht=colored croge

e by the positien of

the optiec plane

B sy o
Digures, Jf the

secbion of glaueophane has length slew, 4 (100) seetion is

by parallel extinetion, low birefringence, and

recognized

pleochroism in blue and violst,

or rims on zoned erystals of glaucophone or crosasite, ¢

ndant, of the blue amphibeles in

the sehists of the arss investignted, It is nevar

uvpon the relative provertions of the

twe moleeules, Very little wes deternined on the voriations

2««%

p & 5 A o it N B s o . L i N i o o .
of 2V in sodie astinolite, However, since the 2¥ of notinoe

lite iz quite lavee and th & 2V of glaucophane is moderzte

to small, intermedisbe values would be expectsd, One sodie

=2V of 609, The e

el
o]
o
il
g
o
oo
ok
o
e
&
b

tinetion angle Yig in
(0L0} deereasss from a velue of 209 in aotinelite to 109 in

199, 189, 179,
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tween the zoning on the twoe ends of the erystal, Un one end,
the dark erossite core psssss into a narrow band of the une
jexlal member and a somevwhat wider band of glaucophane,

sone of godie sebinolite whieh ig itaself

o
o
ﬁ:»
Fiid
&
b
f.wh
b
o
&
i
o

progresalvely more actinolitic towards the tipes AL the
other and, there is a broad mone of & light colered blue
amphibole next to the dorik erossite cores It is impossible
to tell 1f this light blue wzone is crossite with a very
small 2V or 1f it is the uniaxial member becaouse the oriene
tation precludes exaset determination of the optic axial ange-
le, This gonge pgrades iBto & sodic sectbinolite tip,

Two unususl crystals are shown in Pig. 26, OUne end
of individual I passes from erossite into what appears to
be “erosaseactinelite®, The interference figures on the
ferosaeactinolite™ are poor but the optle plane seems Lo
lie across the elongation, The other end appears to have a
tip of ordinary sodie actinolites This crystal alse shovs
iight colored crossite which indeed was taken for glaucow
phane until the optie orientation was determined,

It is thus indicated that the goning of the blue
aemphibeles varies from relatively simple to rather complex,
Although no single crystal was found which showed zoning
from crossite all the way to pure actinolite, soning from
crosgite to an intermedlate sodie actinolite is shown in
Fige 25 True actinolite is rave in the blue-amphibole

schists of the aree but the tips of sonme of the sodle




71
actinolite prisms sometimes pass into an amphibole with proe
perties c¢lose to that of actinolite. There can be little
doubbt as to the lsomerphic nature of this series when so
muech of the system can be shown in regular graedational suc-

cession within the boundaries of & singls crystal,

Thare 1g no aspparent relation between the amount

of epidote and the kind of blue amphibele present, Come
parsd to the ordlnery greenschists, the aversge content of

By

epidote im the blue-amphibole shists isg about 5% higher,
This epidote of the blue amphibole schists contains about
5% more of the iron molecule, The blue amphibole schista
containing only sodie actinolite have less epidote than
the average, but thelr gpidobe containg more of the iron

molecule,

cregnstones

The arca underliain by greenstones is on the wooded
slopes on the asouth end of South Fork Ridge at elevations
between 2500 and 3000 feat., Ureenschists are exposed at
elevations above 3500 feet, Unaltered diabase and gabbro
outerop further west ot the same elevations as ths greon-
stones,

One speeimen of the greenstone contains 5% quarts,
35% albite, 104 spldete, 50% actinolite, and accessory louce
oxene, some of which is after sphene. The graln size is

from extremely small to as much &8 0,08 mm. The cusrtz is




72
indistinguishable from the albite except under converzent
lighte The epidote is pleechroic in pale yellow, It
appears to contalin about 20% of the ivon molecule, The
pleochrolsm of the asctinclite ist X 2 pale yellowy ¥ 2
4 & Llight grayish green, There is rough parallelism of
the actinolite, forming a week schistosity,

Although chlorite appears to be absent in this
gpeeimen, the %sgaéiaﬁé@a of mlbite plus epidote i3z indicaw

tive of the low grade zone of - metamorphism,
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> 'AXIAL PLANE  \ ____ . e

- @ UNIAXIAL

centered uniaxial figure but is too
vaguely defined to permit a study of
the pleochrism,

Glaucophanes (=)2V 50 to 60°,  Length
slow,

i= ;ala violet
Z ® light blue

Sodic actinolite., (=)2V could not be |
estimated but it is larger than in any
other gsone, Length slow,

¥Y* = pale green with yellowish cast,
grading into grayish green towards
the tips,

4% = pale bluish green in the areca
cloae to the glaucophane or
crossite contact, grades into
moderately bluish green towards
the tipsg,






¥

ividual II:

Crossite core medium dark, HNear optie axis

flgure with small negative 2V, Length fast,

L7 4

# moderately pale grayish blue, intensity
between that of 1 and 2.

% ® pale saokey violet

Uniaxial %?ﬁﬁuiﬁl%ﬁ member 7 Hearly eentered

@@ﬁi@ axis figure, {=)2V spparently O Bxe

tinet throughout retatl n of stages

pale blue
male violet

Harrow rim of godie actinolite, orisntae
tion uneertsin, Pale groeen with bluish

cast in all positions,
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ilite unit and the greenschist unit arve sibe

e + L T I ST T S . s wn g b B end g T R % e o YTy de o
w@sty it 1o dominantly greenschists bub with miner amounts

Y

batween the

phyllites to the greenschists, one »asses soross g belt of

alternating greenscl

%

undergone low grade synkinemabie metamorphism and contain

typieal low grade miner The mutusl intere

bedding, the transitional ctontact, and the identieal metsw
morphism are evidence that the twe units were mastamorphosed

together as one body, The later, entirely cztaclastie,

e 3

deformation affected only the phyllites, but scme of the

phyllites edded in the main greenschiss

%
£
e
[
£3
gt
a@s
ke
m\l
o
&
s
&

body. During this later deformation, the greenschists were
competent and the delormation was saken up selectively by
the invercalated phyllites, In a similar manner, the albite
rich layers of the slbite schists were competent relative
Lo the phyllites,

The phyllites were formed by low crade gynkinematic

I argillaceous sediment:-ry rogks, The greene

metamorphism

0

gehists wers formmed by low srade synkinematle metamorphism
o 2 i £

@

basic voleanie rocks, There are several noteworthy feae

Ea)
=y




several ehemical
A chesmical asnalysis

rrors, among which

g s T TN e noy & & 4 & Fr P wy g s g A i T g iy & .
are: povsonsl error in identifving minerals and determine

y auch dobes

Bt

able minerals (serie
nerals for whileh the

sroperties and compositionsre not

I the chenistry of the low

sinations and must be

is no K in the albite, and ig%ﬁ?iﬁi

as chlorite, limonite,

Assuming that the

??1ﬁ@, glts; the com

nica is serieite snd that b

%

far gonstituvents sueh

3

analysis from the average composition of the ordinary phye

llites is 69% 2i0g,

nary phyllites were iznored, the

arg higher than they shoul

ed consbituents could be

nee the minor amounts of fe

Ld

5 5
Biy 5

2% Ne, 0, 5% K50, 4% O, and 1%
F o

regent in the ordils

figures for this analysis

be, Allowance for these ungonpube

e by deducting several percent
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com the analysis, osartieularly from the values for 5i0p

éiﬁﬁg, After makinzg sueh an allowasnce, these values
[ .
@&

Clarke

(1924, p. 553), Dale (1906, =p. 34 and 38), and Sekel (1304,

ly more intense isochenical metamorphisn would have bhecone

phyllites. In ths roofing ﬁl&t%$, the analyses usually

ues

K20, Such vals
would be expected for phyllites derived from shales,

ordinery phyllites of the ares contain 2% Has0 and 5%

EsGe Therefors an argillaceous sedimentary rock of the

couposition of an average shale would be the most probable

source for the ordinary )

:i 1&%“‘"’%;

‘Qfﬁ

e

In its simplest form, an argillacecus sedimentary

rock contains quarts, clay minerals and K and Ka absorbed

by the ¢lay minerals, Under low grade metamorphism, clay

minerals of the kasolinite znd montromillenite types combine

with quartz and the absorbed K to form sericite., The illite

alay n;n@?aid require only a very small change in composition

to make sericite, only the replacement of OH by O, The Na
3 ¥ ?

nay
it o

combine with ¢lay minersls and quarbts to make albite or

&

um migs paragonite, Paragonite is

fd

might go into the sodi
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From asriasite,

cptieally indisting

&

petrogenesgis of the albite phyilites

Under the same conditions as listed above, bub

allowing for 5% clinochlore, the analysis of the aversze

gomposition of the albite phyllises is 695 8i0s, 18%

Ala0g, 27 Vg0, 4% Nag0, 2% K,0, end 1% H,0, These values

are nigher than they should be since there usually is a small
armount of epidote, leucoxsne, sphene, ete., in the albite

phyllites. Allowance for the uneom

could be mede by deducting seversl percent from the anaiy-
sis, particularly from Algly and 8i0,¢ In this snalysis,
Has0 is considerably in excess of K,0s In the albite phyle
lites with the maximum contents of albite, the Ka.0 runs 7-9%
against about 1% KsUe These values are very much largs

than in the average shales and the roofing slates, The
mzﬁ@rﬁlﬁ rical expression of this high é&ﬁg ig the high ale
bite cgontent in the slbite phyllites and slbite schigta,

The albite phyllites contain albite in amounts
greater than that whi h ghould form in the isochenical metaw-
morpinism of an aversge argillaceous sedimentsry rock, This
alblite is in part porphyroblastie, but slbite porphyroblasts

2t confined to the phyllite unit alone, The greenw

)
e
O
b
&

schist unit contalnsg albite porphyroblasts slse, alshous
]

g

these generally are smaller and less numerous than in the
phyllite unit, Hevertheless, the largest albite porphyro=

seen in the area are in a greenschist which iz close

o
W
&
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gome

gsome ol the rocks, as 1ittle
»
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¢ o de % s E 2 R AT
15 porphyroblastie, but in others all the =

roblagtic,
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@
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UF P U T e B
Bite schists does not axesed

& % , k - s et amt wd s %8 o . wnlngr T o8 e s
le very close to the contact with slbite phvilites,
[2PTY TR S T VU ] Ty X s tn - o, B b 2 T m
£08% ¢l Ghe above dats fsvor a storterange (ranse

£ N o £V , - oo el 4 e v en rpd de T d T by
ver of albite consbtituents within the low grade rock unit,

sagray sl s ST, 9 oy S B orgen i s s B, i wm & e i A S sy o
Kevertheless; some trigger mechanism seenms ngeded,; and

gomgthing must control the irregular distribution of the
porphyroblasts, This very well esuld be gome minor intro-
duction of godium from an outside BOUTCE .

Therefore, the zlbive phyllites are nost likely
derived from e sediments iry rock with a composition close
to that of an arkose, In the lateeand postwkinematie stages
of low grade metanerphism, albite porphyroblagts formed un-
der essentislly isochemical conditions, but some introductien

of sodlum may have oceurred,

E <)

Letrogenesis of

Greenschists may be derived from dolomitic shales
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95
blue=amphibole schists of the present area tonbain sonee
what move, and somewhat iron richer, epldote than do the

&

average ordinary greensehists. The blue-smphibole schiste
may form in & higher iron environment, but the evidence is

not conelusive in the present area,

metamorphism of the low zrade rocks

The low grade rocks probably were derived from an
interbedded sequence of shales, feldspathic silbstones and
aidesitic to basaltic volcsniec roeks, These rocks were isow
chenleally metamorphosed under low grade Synkiﬁ@ma%ie COf=
ditions into phyllites and greenschists. During the late
and paét kinematic phases, albite porphyroblasts grew,
partly with ﬁﬁﬁ’ﬁid @f transfer of sodium within the body,
and perhaps with soMme mincr introduction of sodium from
cutside,

Following this period of constructive metamorphisnm,
entirely cotaclastic metamorphism erested 2 seeond schise
tosity in the phyllives, This 8o 15 not uniforamly é%vgl@@m
ed; some phyllites appsrently escaped entirely, others were
inbensely sheared, The gr%@ﬁsahisﬁ% Wwere competent under
this 5h@afi§g and the movement was taken up selecstively
by the intercalated yhyiliﬁ@ﬁ; It is not clear whether 8
was developed by renewed operatlon of the ssme stresses which
were responsible f@?‘ﬁl or whether 8, s the result of an
unrelated aad @l&@g@%&%r later episode of deformation,

Too little is known sbout 89 to permit evalustion of its cause,




corrslation of the lowmade metamorphic rocks

The phyllite unit apparently continues bevond the
mapped area castwards to the Sauk Hiver and northwards to
the Skaglt Hiver, The relationshins of the phyliite unit
to the little metamorphosed pre-Tertiary sedimentary and
voleanie rocks in the vicinity of Subter Hountain are not
knowns South of the Suisttle River and esst of the Sauk
iiver, Vance (1957) mapped the "Gold Hill phyilites®,
Bryant (1955, p, 27} tentatively correlated the phyllites
north of the Suiattle River and east of the Sauk River with
those subsequently designated "Gold Hill® by Vance, Horth
of the Skagit River, Miseh (1952, p. 7) m%@p@ﬁ equivalent

phyllites, part of which he named "(oat Hountain phyllitce®

(oral communication),

The "Gold HILl"™ type of phyllites are very gsimilsr
to the rocks of the phyllite unit of ths present arca, Few
fully reerystalliszed albite phyllites have been reported
from the Gold Hill phyllite (Vance, 1957). The Cold Hiil
containg sone fine grained feldspathic siltsbtones or mice
roarkoses which may be the none-recrystallised aquivalents
of the albite phyllites, The phyllite unit probsbly is
part of the "Gold Hill" but definite correlstion must be
deferred until the ares betweon the pregent ares and the
Sauk and Skaglt Hivers have been studied,

Horth of the present avea, greenschists and blue
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River on

strike of the greenschist u it. They are well exposed

along the Flaney Ureek rosd southwest of the Clendenen Creek

and again south of the Skagit River nesr Hawilton {3heddq,

1922, pe 97)e Along Finney Creek, some of the schists cofe

tain abundant crossite, 3outh of the present arca, VYence
{1957) mapped the "Clear Cresk® crossite schists on the
lower slopes of Jumbo Mounbtain. These erosgive schists are
onn the strike with the greenschist unit of the present
area, Therefor, greensehist unit is part of a wore or less

%

conbinucus belt of greenschists which may extend zs much as

15 miles to the north of the

e

napped area and which also may

"2‘“%

extend to the south, OCrossite, uncommon in the mapped area,
found both to the north and to the south,
Hiseh (oral communication) has given the name
"Shuksan greenschist unit” to g belt of greenschists and

blug-amphibole schists which extends southeastward from ¥,

e

shuksan to the Sksgit Rivers The Shuksan greenachist unit,
ogether with the Goat Hountain phyllites, have been thrust

over little metamorphosed pre-Tertiary sedimentary and ige

neous rvock8e South of the Skagit, and ssst of the Sauk
diver, Bryant has ﬁagéad the southsn extension of the Shuke
san greenschist unit, Vance has also recognimed the Shuksan
greenschist unit gaaih of the Sulattle River and proved
that, Gogether with Gold Hill phyllites, they have been

thrust over little metamorphosed pre-Tertiary sedimentary
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of the greenschist unlt of the present
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mineral compositions reported

(1957, pp. 22 and 23) show a little more epidote and some=

what less albite than sre found in the greenschist unit of
the present area, These differences sre from 15%,
whieh ls not very large. Vance, Bryvant, and Miseh {eral
communiection) veport iron rich epidotes, Vanee found sube
squal amounts of ecrossite and glaucophane; Brvent, about 3

times as much crossite as glaucophane; and Nisch, much more
shan glaucephane. In the present ares, the
epldote is not iron rich, and ecrossite is very minor come
pared to glaucophane. Horth and south of the present area,
¢rossite does occur in greenschists which are on the strike
with the greenschist unit. The relative sbundence of crossite
te glsucophane is not known for these schists,

The petrographic difference between the rocks of
the Shuksan greenschist unit and those of the greenschist
unit of the present area are small, In view of the luck of

word extension of the greenschist unit,

data on the north
and on the structural relstionships between the Shuksan

5

greenschists east of the Sauk River and the greenschist unit

n}‘v

3

of the present arca, the data available -t the time this

report is written do not permit stratigraphic correlation,
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tedlum Grade Metamorphic Rocks

Hornblende«~Quarts-Dioritic Gneiss

Hornblende»quartg~dioritic gnelss outcrops in a
hill st the north edge of the Stillaguanish valley north of
Fortson at the foot of the eastern énd of Higgins Mountain,
This hillis roundad. eaat-wesb trending ridge rising seve
eral hundred feet above the valley floor which is st an
elevation of 500 feet at the base of the hill (Pig. 27),
The relations of the gneiss to the surrounding rocks are obe
scured by dense vegetation and alluvial or glacial cover,
The 3wuak formation outerops in the small valley north of
the hill of gneiss and again on the southern slopes of Hige
sins Mountain,

In outerop (Fige 28), the gneiss is uniform in
appearance with about twoethirds ¢coarse, lenticular, white
to buff plagioclase; minor, finer grained, intergranular,
clear quartsz; and one~third, anhedral, ra;ged, greenishe
black hornblende evénly distributed throughout the rock,
The maximum grain size éf_tha hornblende and plagioclase is
about 5 mm, Schistosity is marked by preferred orientation
ofvthe elongated plagioclase and hornblende, (Fig. 29).
Oceaslonal finer grained, dark colored slots (Pig. 30), con-
slst of twoethirds hornblende, one-third plagioclase, and
minor Quarts. The rock has been sheared on widely spaced,
irregular surfaces, Fine grained light green bands along

the shear planes have been casused by retrogressive alteration,




coarse grained

oy ) iy o = . wd e B e 5
plagioels 10 to 20% hornblende, zad minor biotite, mage
netite, epldote, szoisite, @déﬁfﬁ@@, snd carbonate, Huch

are common. The guartz has attacked the plagivelase! napre

row rims of decaleified plagioclase surround pssudopod=

**sr;z

&

like projections of quarts

%
G‘E

tending into the plagioclase;
the contacts between plagioclase and quarts are often cus=
pate with the polnts of the cusps peinting towards the quart,;
and small, rounded grains of plagloclase are included in
the quarte, The plagioclase crystals are as much ag 5 mm,
The composition ranges from andesine, An 4O, to labradorite,
in 60. Andesine appesrs to be more sbundant Lhan labraw
dorite, The ecrvstal ocutlines are irregular, not only where
the plagioclase has been engulfed by the guarts but slse
along the contacts with the hornblende, lost of the plae-
gioclose is somewhst altered, In many grains there is a

more or leas centrally loeated clump of very fine grained,

semi~opaque material whieh is white in reflected Light ,
Hany eal of very fine grained serie
cite acks in some of the erystals of

plagio eus to be assoclsted with the

intergranular, {ine grained, quartz, The hornblende has &
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(=) 2V of 70 to 80°, an extinetion of Z:ic = 16 to 189, and
a pleochroism of :X ® light yellow; ¥ ® Z = light green,
The crystals are ragged, particularly along the contacts
with plagioclase, A few of the hornblende crystals contain
lnclusions of quartz, Partial to complete alteraticn to
chlorite, epidote, and carbonate is common, The epidote and
chlorite sometimes form pseudomorphs after hornblende. Not
all of the epidote minerals are retrogressive; some euhedral
2oisite may be a main asgemblage mineral,

One thin seetion of a fine grained, dark colored
clot in the gneiss contains about 104 quarts, 40% plagioclase,
4O% hornblende, and 5% magnetite and pyrite, The quartsz
has attacked the plagioclase in the same manner as desw
cribed for the coarse grained gneiss, The plagioclase is
andesine, An 40, Along some of the contacts with plagio=
clase, the hornblende is pale and weakly pleochroic, Pseu=
dopod=like projections of plagioclase sometimes extend into
the hornblende, Yedges of plagioclase extend into the horne
blende along its cleavages., Fig. 31 shows the relations
of the minerals in the fine grained mafic clots,.

The hornblende=quarts=dioritic gneiss is not an
igneous rock, Feldspars do attack mefics during the late.
stages of erystallization of an igneous melt, but the ree
action series requires that they be sodic plagioclases or
potassium feldspars, In the hornblende=~quartz-dioritic
gneiss, the hornblende is replaced by intermediate to calcic
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plagioclases with which hornblende would have been atable
in an igneous melt, The scattered inclusions of quarts in
the amphiboles are also indicative of a metamorphic origin
of the rock, GQuerts 1ls a very late mineral in the reaction
series and would not ordinarily be included in a mineral
which should have crystallized out earlier,

The fine grained clots probably are the partially
feldspathized and partially silicified remnants of an ortho-
amphibolite, The coarse grained gneiss is the result of
nore advénced feldspathigation and silification of the
ortho-amphibolite during synkinematic reglonal metamorphism
of the hotter medium grade,

The gneiss certainly is entiraiy out of harmony
with the low grade metamorphic environment of the present
areas FProgression in type and grade of regional metamor-
phism from isochemical and low grade to allochemical and
hotter medium-grade does not take place in the distance of
one mile, Further, there is no corroborating evidence of
such a progression north or south of the locality in quese
tion, The gneiss must have been moved into its present
position by tectonic means., The mechanism of transporting
the gneiss was most probably large scale overthrusting;
this point will be discussed below in the chapter on struce
tures.

Petrographically, the hornblende=guartg-dioritic

4nelss has a striking resemblance to the Eldorado unit of
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kﬁﬁ?ﬂ%iéﬁéﬁﬂ?iﬁgi@ﬁlﬁﬁé gehist is exposed undere
neath the Swauk along the northesst face of Round Mountain
{Figze 32}, and in some very small outerops on the south
side of Round Hountain, Im outercp, the hornblende~plage
ioclase schist is fine grained, and moderately dork gravishe
-green., It is conslderably darker @haﬁ the greenschists,
The horablende-plagioclase schist is finely banded in light
and dork layers a fraction £ a millimeter thick., The dige
tribution of the hornblendseplaszioclase schist and its ree
latlions to the other rocks is obscured by faultine Zs intrye

ions of serpentine and diorite, and by hydrothermal altere

o
fe

4

sbion of the seh

,..,..

iat it %@lﬁ‘e

o

24

Ome thin section of hornblende-plagioclase schs

eontaing 15% quarts, L0% plagioelase, 157 spidote, 204

3

green horablende, and traces of pyrite and sphene, The
quart  forms groundmass graing snd sheared out lenticles
which have undulous extinction. The grain size of the

quarts ranges from 0,015 te 0.1 ww, with nost of the grains

falling in the more fins-zrained CONge s
sometimes twinned and moned, but more often it can be dise
tinguished from the quartz only under eonvergent lizht,

The composition renged from oligoclase, An 25, to andesine,
in L5, The plagioclass aﬁ?ﬁﬁ groundmass grains 0,015

to 0,03 mm, in size and porphyroblasts up to 0.25 mm, in
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quartz«dioritic gneiss in containing less plagioclase and
more mafics, especially epidote,

The relations, if any, of the hornblende-plagioe
clase schist to the hornblende«~quartz-dioritic gneiss are
uncertain, The schist is a medium grade rock, but it has
undergone much less feldspathization and silica introduction
than the gneiss, The gneiss apparently was derived from an
ortho=-amphibolite which was ultimately derived from a
bagic igneéus rock, The ortho-amphibolite contained about
2/3 nornblende. The hornblende~plagioclase schist has a
much lower hornblende content than the relies of amphiboe
lite in the gneiss, Thus, the hornblende-plagioclase schist
is not a less granitized equivalent of the hornblendescquartge
dioritic gneiss, It may be g part of the same structural
unit as the gneisa. However, north of Pinney Crsek, Vance
{oral communication) has found garnet amphibolites which
lie more or less on strire with the hornblende-plagicclase
schist, If these garnet amphibolites should be in place,
they would indicate a westward increase in metamorphic grade
from the greenschist facles to the amphibolite facles, At
present, too little is known to permit correlation of the
hornblende=-plagicclase schist with either the gneiss or the
garnet amphibolites, |




Rorthesst face of Round Mountain showing the
swauk formation overlying the hornblende plaw
gloclase schist,



of intermediate to basie composition. One large body of
flow rock is dacite, but the rest of the igneous rocks

Y

are of dioritie, za }%?ﬁ L€y or ultrebasic composition, of
the lgneous rocks, the CGranite Lake labradorite porvhyry
has the largest outerop ares, sbout five square miles, psré
of which lies outside of the arsa covered by the geologie

map, The dacite flows on the north end of Hound lountain

Ridge have an ouberop area of at lesst 2e3 sousre miles and

%

perhaps wore, The rest of the ipnecus rocks have quite small

outgrop arocas,

The relative ages of the ignecus rocks to the coune
try rocks are sometimes obseure,  The Swauk formation has
been intruded by dikes of labradorite e porphyry, dikss of
disbase, and serpentine., The Swauk dips away from the (rge
nite Leke lsbradorite porphyry body, s gesting that it has
been displaced by its forceful intrusion., The relations
of the andesites and diorites on the east end of Round
Hountain are undertain, but they are esrlier than the sere
pentine and may be respotisible for the contset metamorphie
effects observed in the nearby Swauk,. Any igneocus rocks
affecting the Swauk are, of course, Tertiary. Gabbros,

y

digbases, end basalts on Swede Heaven and South Fork Ridge

are younger than the phyllites and greanschists,
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Plutonic Rocks

Dlorite

-

On the southeast end of Round Mountain, sbout 13
miles southwest of the summit of Coney Pass, porphyritie
diorite is found in several scattered outcrops. Some
cuterops of andesite porphyry are found in the same ares,
The relations of the diorite outerops to each other and to

the other rocks is obscured by soil cover, forest, serpentine

intrusions, and intense hydrothermal slteration of the diow

rite, Jdeveral of the outerops of dilorite contain greatly
red inclusions of countyry roeck., Serpentine coabs the

joints of the diorite in one outerop and forms several cute

gropa topographieally higher than the diorite,

The Swauk formation shows evidence of contact
metamorphism along the base of the eliffs a short distance
to the west of the diorite outerops, This could heve been
caused by the ilntrusion of the diorite or 1t could have been
coused by peridote {(now serpentine) which has intruded both
the diorite and the Swauk, Some of the inelusiona in the
diorite eppesr to be altered sedimentary rock, If this
altered rock ls from the Jwauk, the diorite would be latsr,
Too little is known to permit definite relative age detere
mination of the Swauk sand the digrite, It is culte uncere-
tain as to whether the dlorite ocubcerops belong to one or o
saveral intrusive bodies,

Too little is known about the diorite to permit dee
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tailed discussion. In cutecrop, the diorite is Light browne
ish gray vo medium greenish gray and is flecked with abune

dznt white pl

ioclase phenocrysts up to 1.5 mm. in dioe
meter. Twe thin sections studied in detsll econbain 30 to
H0% @1gﬁzaclf§@ phenoerysts, a few unaltered vhénoecrysts
of hornblende, and 25 to %09 slteration products of horfie
blende (ealcite, pennine, chlinechlors), The fine grained
groundmass is plugloclsse, carbonate, chlorite, opasques,
and wminor quarbtz, In one specimen, the plagioclase phenow
crysts are gzoned andesine and labradorite @; in the other,
the giagi@elga@ phenoerysts have been altered to alblue,
Other thin sections contein inelusions of country roek
which & ppear ts be grestly altered s%é%n%nt*rw rock (Jwauk?),

hyllite, and hornblende~plagloclase schigt,

Oranite Lake Labradorite Porphyry
Leugoeratic porohvritic rock outerops in many

places around CGranite Lake, This roek is the "granite® for

which the lake is named, Act tually the roek is of gabbroic

composition and, if it weve a gcranular bextured rock, it
ould be c¢lassed ag a hornblende«bearing leuco=gabbro,s Hie
posures are excellent, especlally in the cliffs sbout J

mile southwest of Oranite Lake, The rock bresks into blocks

up to 3 feet scross along well developed, widely spaced

Joints {Fig. 33}, Nost of tha outerops are littered with

¥

these large blocks, ersating a yplesl patbern eusily recoge




niged on sir photes by its Jumbled sppesvance and its con-

i
Bt

spicuously light color (Fige. 34).

The relatisns of the lsbradorite porphyry body to
the other rocks la unknown to the north and east, and obw
seured by glaciel ©ill to the south, “est of Cranite Lake,
the Swauk formation dips away from the labraderite porphyry
body., These dips are nearly at right angles bto the regicnal
dip of the Swauk to the north and south, These dips may
indiecate that the Oranite Lake labradorite porphyry intruded
the Swauk,

The labradorite porphyry is usually s {fairly light
greenish gray and weasthers nesrly white, The rock flecked
with a%aﬁéaﬁt white to buff pl;g;“ clase phenocrysts up to L
mimne Long and with considerably 1@ sgor amounts of greenish
black horablende phenoerysts up to 3 mm, long and 1 mm,
thick, Hydrothermal %1@%?%218@ has produced color varias
tiona such as greenish brows and red,

Four thin sections studled in detall contain 1 to
27 guarts phenoerysts, 20 to 60% plagioclase phenoerysts,
and 5 to 204 brown hérablende phencerysts plus the altera-
tion products of hornblende, The fine grained groundmass
consists eusentially of plagioclasze bub somstimes contains
2 little quartsz and/or blotite, Almost every specimen stude
ied hss bsen affected by hydrothermel slteration of varying
intensity. The hornblende hus been altersd to e¢srbonate,

chlerite, stilpnomelsne, guartz, magnetite, and leucoxens;




the plagioclase to carbonate and serigite, Alterstion has
staried with the hornblende, then zffected the fine grained
groundmass, and finally the plagioclase phenverysty,

In some of the specimens studied, quartz formed

a8 phenocrysts of the main lgneous assemblage immedistely
following the plagioclase phenoerysts. There appears to

be no quarts associsted with the fine grained plagioclase
which makes up the greundmass of these specimens, The

quarts phenoerysts are 58 much ss 0.2 mm, across snd often

are plasterad pg

ioclase phenoerysts, Ho evidence of reaction is visible
along the erystal boundopiss between the two minerals, Howve

]

ever, the boundaries of the quartz whieh are not up agalinst
the plagicelase are highly irregulsr and sometimes cuspate
with the cusps pointing towards the groundmass (Fig. 354),
Isolated azgregates of quarts phenocryvsts with irregulay
cuspate boundsries are also found (Figs 35B)., At some time
after the quarts phenoer "y8ts were formed, they must have
been exposed to a medium in whieh cuirts was not stable and
the phenocrysta were partially reserbed, In other speoimens,
the quarts is a deuteric mineral which gcours both in the
groundmass and as porphyroblasts, This quarts hes attacked
both the phenocrvsts and groundmass grains of plagiocclase

(Fige 35C), Quarts slso Gceurs as a result of silics relense
during the hydrothermal slterati n of hornblends, Thig guartsg

is assoclated with other alteration products in pseudomorphs
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the hornblende is sltered to stilpnomelane, chlorite,

ite, and lsucoxene,
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contains 60% chlorite, and 5% leucowenc, The feldepory is
now oligoclase, The texture is more or less diabzsie, but
the plagioclase erystals tend to be stubby rather than l:sth
shapede This rock probsbly is a pirtly altered diabss 30 e
Une thin gsectlon of serpentenized peridotite ansgow
¢isted with the gabbro contains 907 antigorite, 107 mag-

netite and a few relict graing of pyroxene and olivine,

Serpentine
Serpentine is found sbeove the dieorite Gﬁt@f@?% and
below the Swauk formaticn in the viein nity of the Forest
Service shelter 1 miles southwest of the summit of Coney
Pagsg, In the eliffs =t the shelter, serpentine is imbedded
in the Swauk formstion as lentiecular magsses scveral feet
atroas, The Swauk f@;%z%i»ﬁ at this loeality is a medium
grained feldspathic qﬁ“rzza%@ srenite whieh has undergone
some baking end induration whieh is proba bly dus to contact
setamorphism, The serpentine c¢ould be boulders in the Swouk
formation but since there is a lack of boulders of material
other than scrpentine, it wmore likely hss been intruded

o

nto the Swauk formstion as peridetite, South snd east

{:’L

fesr

the shelter, massive serpentine forms small eliffs and
sheared serpentine forms i“f%*al~fly shaped sloping outerops

g¥
(Fige 36 and 37). HNorth of the shelbter sheared ser rpentine
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b
LA

underlies the Swauk formation, About a thousand feet lower
in elevation, south of the shelter, serpentine coats the
Joints of diorite, Heesuse of the frisble nature of the

sheared serpentine, little goil ean fors on the

than grasses and eause

blotches on the generally zreen lande

serpentine appears to have bsen derived
tbrusion whieh is lster than the dierite
and the }v&z? formotion, It 1s uncertain ss to whether the

messive serpentine and the sheared serpentine are parts of

il

Suder

the same body or different bodies which may be of different

HEES
Cne thin sectbion of serpentine collected from the

small eliff just south of

£o zi@%, 10% carbonate, 5%
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Dike Hooks
"MWW

sndesite

Andesite occurs as: (1) altered andesite porphye

d dikes cutting
Imob, now

Jouth Fark

The geologic
phyry southwest of Coney Pass are not entirely elear a5 has

a
gen stated above when the associoted diorite was di scussed,

b
The andesite porphyry ranges in eoler from light browm to
iizht to moderately dark green, Tt ia flecked with white

plagioclase phenocrysts and brownish to greenish black

hornblende phenscerysts, In some of

*’“‘::

the specimens, the
rhenocrysts 3zg“@gcﬁ 50% of the rock, These specimens are,
acecording to customapy classification, on the boundory bee
twesn diorite porphyry and andesite porphyry. One =zuch
specimen, collected zbout L mile eust of the Forest Serviee

shelter on the Coney Pags trail, contains : quarts

phenceryats, LO% plagivelase phenocryets, snd 2098 alteration
rroducts in pseundomorphs after amphibole {about equal amounts
of carbonste and of chlorize ; plus a listtle stilpnomelane},
The plagloclase is now albive, The phenoecrysts are up to
R wime longs The groundmass is composud of grains 0,004 o

P

0a02 mm, in dismeter, . The composition of the groundmass is
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diffieult to determine beesuse of the small grain size,

miu

a8

It inecludes gquarts, plagioclase, and stilpnomslane, Thi

5 Lo be clozely related to the dierite,

About @ mile north of the shelter and a few hundred yards

el

west of the heasdwaters of Deer Creek, other specimens of
porphyritic andesite were e¢ollacted from what appears to be
a dikees This andesite veorphyry maey be an offshoot of the
wady of diorite porphyry to the scuth or it may be an ine-
dependent rock body, The andesite porghyry conteins 20 to
30% plagioclass phencorysts, Apparently it does nobt cone
tain amphibole phenoerysts or alteration products of amphie
bole phenceryrstse The plagioclase phenoerysts ares from
Je5 to 1«5 mm, longs In one specimen, the phenoceryvsts are
now albive, in the other, they are still andesine, The
roundmass is exceedingly fine grained, the erystsls averag
ing about 0.0 mm, maximun diameter, The groondmaess conbains
a2 great deal of indeterminable material whieh appesrs to be
altered glass plus some minerals identifled as plagloclase,
quart,, stilpnomelsne, and chlorite, Vesicles are filled
with quartsz, stilpnomelane, and geolitss,

vikes of fine gralned andeasite cut aeross the Swauk

formation on the southeast face of Round Hountain and agein

on the northeast foce, wost of Upper Hawkins Lake, These

andegites are dense rocks ranging in color from dark gray
bo dark greenish graye Some ave very similar in megascopic

gppearance to some of the siltastonss and argillites of the

&
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sectlion, the line greine! andesite containg sbundsnt lathe

2 i 5 ey i K iy 8 gt . £ " 3
tures are somebimes shown by the aligament of the plagioclase

cut on the southwest

st of 3egelson

sunmit of Coney
Fass., The rock is a light green, rather featureless rock

with megascopleally visible caleite in veins and in the

groundmass. In thin section it contains 70% plagicclase,
small amounts of epidote, chlorite, sphene, leucoxene, and
pumpellyite, and 104 late quartsz and 15% secondary ealcite,
The plagloclase is now albites It forms a felted groundmass
small laths, The epidote forms smell veins. The chlor-
ite oceurs as scattared pstches and the puipellyite as
small isolated ecrystals., The cuartz grains are subresctane
guler with scailoped edges. They f£ill the spaces between

the plagiceclase grains, dome of the guarbtz has undulous




extinction, The caleite forms reletively largze masses and

velns, This rock probably formed by slteration of. an andee
;‘fwii}% @

Labradorite Forphyry
Labradorite porphyry apparently cuts the Swauk

formation on top of the hiﬁh%ﬁ@ peak on

the crest of the ridge, about 3000 feet west of the lookoub.,

j 5
i

%

These outcrops are libtle more than broken maszes of rocks
¢

and no relstions with the swauk formation could be 506,

S
2
¥

Ja the northeast face of lound Hou bain, a labraderite
porphyry dike cuts the Swauk formation (Fige 38}, Other
dikes, apparently of labradorite porphyry, cut the Swauk
formation along Round Hountsin Ridge to the north {Fig. 39},
The relations, if any, of the labradorite porphyry dikes to

the COranite Lake labradorite 2 porphyry are not known,

-

g

The labradorite porphyries are light g

ray to light

brownish gray and sre flecked with abundant white to buff
phenocrysts of plagioclase and with blaek te greenish

black phenoerysts of amphibole, The plagiocelase phenoerysts
may be as muech za 4 mu, leng, the amphibole, 2 um,

The lubradorite porphyry from north of the H

&

{mﬁa
éz‘“

g X

Lockout contains 30% plagioelase phenoerysts and 20% amiphie=

nlag

b

£

giocluse crystals usually are

o

rr

bole phenoervsts, The
zoned, HNormal zoning is most cowmon but some phenoerysts

exhibit reverse or oseillatory ?ﬁﬁkﬂ%. The average composi
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%

tion is labradorite, The amphibole is weakly pleochroie

with: ¥ 2 golerless o 11 znt yellow; ¥ 2 pale vellowish

o

and Z = pale bluish green, ia "zinal alteration to

won and wmany groins are fully albered to bio=

tite or chlorite, The amphibole may be a blesched preen
hornblende whieh now is mors or less of actinolitic composie

A

tion. The groundmass is composed of grains 0,02 to 0,06

Mite in meximum diasmeter. The minerals are mostly plegioelsas

and quartz plus a little biotite., The relstive proportions
are diffiecult to determine because the crystels are small
and are intergrown in a nosaic, However, there seens to be
considerable quartz in the groundmass, perhaps as much s8

109 or more,

1L, A P ¢ B e woa Y Y T " i
fhe lsbrad phyry from west of the diggins

Lookout centzins about 604 plagioelase phenoerysts and 15%
pseudomorphs after amphibole phencerysts which are canposed
of pennine, carbonate, and minor cuarts. The plegicclass

phenocrysts are zoned, and some exhibit osecilistory zoning,
The average composition is labpad dorite. The plagicelase is

partly altered to seriecite along cracks snd cleava ages, The

[

goundmass consists of laths of plagicclase up to about 0,02

g}
b

M“p\
Nﬁ""i:
e
&
%
[
ot

mme long, These laths iy orm a felted msss between
the phenocrysts but there is some parallelism suggestive of
flow structure, It is not certain whether there ia any
quartz in the groundmass, If there is, it is very minor,

The quarty assoelsted with the amphibole pssudonorphs repree




L3k

s
by
e 4
]
by

sents silica rele sed duriag alteration and is not

of the rock.

unbain, an i?i@wéld? dike of labradoribe
porphyry 1 to 2 feet thiek cuts the Swauk formation (Fig,

3&). There is aunaureole of leaching, bakipg, snd iron staine
ingz up to 10 feet wide on essch side of the éik%‘ The labrae
dorive porphyry contains 20% plagioclase phencerysts and 5%
pseudomorphs afber amphibole phencerysts which arve composed
of csrbonzte, pennine, quartz, and stilpnomelsane, The
plagloclase ls zoned with andesine rims and lsbradorite cores,
&

(xf?z-gg s % PR Py s g B3 T £ s Tomd ww ey oD g ey d
LH8 aversge com ADOBLYLON 18 LzDTadori
clase phenocrysts contain sbundant tiny grai

and carbonste. The groundmass consists mostly of anhedral

¥ ese a few hundredths of ¢ millimeter in size and of

slaglocl

ks

%

shreds and elumps of chlorite and stilpnomelane, luarts

2
0

[y 4
?u-/is

in

3,

5 aosent except as the result of the release of siliesn

[N

by the alteration of amphibole,

The rocks of the labradorie porphyry dikes differ

]

from those of the Uranite Lake labradorite porphyry in that
aquarty phenocrysts ave lucking znd in that sueh amphibole

a8 has escaped ﬁl%é:até + is green hornblende rather than

brown, The contents of plagioclase and mafics are sbout

L

the same for the two rock types, The di es are from 3 to A

&

miles distant from the ocutecrop area of the Granite Lake

0

body, They may nob be part of the same inbrusioc ity but the
7 3 ¥y pa

may be derived from the same sourece,
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Daelte occurs north of the Hawking Lakes on lound
Hountain Ridge and on the next ridge to the ecast, Ouberops
75 90 Fespael by e 2 o 49 memermee l :g SRS YRR BT PR B puP b é
(A«Y% mﬁbﬂ.ﬁéa si‘i %@ﬁ{; s@iﬁ"i}{zw} ] 3—43 ng ?HA« Bk B .?ﬁ,}% %#&?Gmp si’w i wﬁ JG?}.B
Fountsin ui@%% and in the stream bed between the ridges,

Just south of Decr CGreek, The dacite appears to be separate

o

ed from the Swauk formation by g high
but its pelations are not known elsewhera, There 15 no ovie

%

£l

f
&
]
(o]
&
L
e
ot
<
o
[
i
jee
bt
:ﬁ:g‘
of
oo
o
&

dacite is in execesns of 1000

@
o
et
o
fio
@

formation, The thicknes
feet, The vory small grain size snd the presence of slass
suggest that the dacites ars flows,.

ususlly buff with

Sodn
Fer)

The dacite ig aphanitie and
reddish brown iron oxide stsins which follow frastﬁrag and
also are irrvepgularly distributed through the rock, Color
variations are dull greenish to yellowish brown, light
green, and black, Flow structures are sometimes visible
in hend specimen as slignments of vhencervsts and stresks

7

fhe phenoerysts of cusvriz

of dark colored inelusions,

and plagioclase are up o 1 mm, in diameter. The pheno-

erysts are few and are sc attered in the dense groundmass

il z{il %ﬂd !@2},

A speeluen of light green dseite studied in thin

section contzins § to &% cquarts phenoervsts and 4 to 5%

ioclase phenoecrysts, The plagioclase is andesine., The
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RS i e 5 £ s vy de o e,
Govsanuy formation

underlain by a maximunm of 8000 feet of arkoses
ind conglomerates, These rocks are part of

arkoses of lstest Cretacesus Lo Loesns

Lon. In

Juauk formetion (fussell,

Ueshington, the Chuckanut formae

Clellan, 1927, p. 136), These two formetions repree

sant the same unit and in the e3ent area, the srkoses arse

ailed "dweuk-Ohn ckanut®, snd are sbbrevizsted ss "Swauk®,

auk formation of the present srea forms g

syneline,

Py

Lake, dacites are in fault conts

i

Swauk fermation., On Hound lountain, the

eslk, at Coney Pass, the Sweuk formng-

y overlies the low grade metamorphie rocks,

e . . g o B L T o T "y
aret on j}wf“'@ of the goutn end of

is here sxposed only in the bed of Cage

s 45)e On the zot

the Swauk formation on the waesh

&

psars under a cover of talus and




Parmstion comes o the

underiyin

rooks are nob kaoi,

guantities,
present in
seeds the guartz.
are arkoses,
bBominantly quartzose arenites are

nesses of pebble conglomerates composcd dominantly of quartz

cereelated in the arenites, and are more come
mon in the lower portion of the formation, 4 bssal conglo-

2

contelning

to the medium grained materials The

i‘;‘

rocks are deminantly siltstones; shales

; " 5 s CRPS - T g i SR R,
much rarer, Joms of the fine grained dastic rocks have bee

cone

Small outeross tend to be féaw
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Lh6
8% 3ites and guarbtzose phylliites,
Un o half of onant may be such rock

partly to fully alter-

galtisn more claclie

from bilobtite, The cenent use

v
s
e

wally is

gericite,

s cement, OCalesrecus

cimens of Swauk arsenites

gnd stained with sodium

he sodium ecobaltinlitrite caused

feldspar and did not affect

ned under the binoceulsr

nerals were estimated

imens examined contain 20

u

» Cchert, quartsi

;@’ %%}%Q)’
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Fig. l+3

154

South face of Higgins Mountain showing the thick
beds and the jointing in the Swauk formation,
Looking east from a point below the lookout which

1s on the skyline in the background,
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Fige 46 Handspecimens of typical fine grained arkoses
from the Swauk formation., A is from the upper
portion of the formation, near the lookout on
Higgins Mountain., B is from the lower part of
the formation, near Ricks Creek, The faint

bedding is from left to right,
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Pige 47 Etched and stained chips from the fine grained
arkoses shown in Fig, 46, Frosting of plagiow
¢lase shown on the chip from A, The chip from
B contains both plagioclase and orthoclase but
the yellow stain is not apparent in the photoe

graph.
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Lil. STAUCTURE

) e

The structures of the Higgins Mountain area Tall

¥

into twe groups: (1) those which do not invelve the Zuwauk
ormation and therefore are pre-Tertiary in ag @, and (2}

those which involve the Swauk fsrmﬁ%z; and are therefore

Tertiary im s;e. In most of the arcag vhere the former

&

structures are displayed, the Swsuk formation is abuent,

=

Unless the Swauk formation can be shown to truneste strp uchures

in the pre-Tertiary rocks, 1t might be objected thst the age

of such structures eannot definltely be stated to be Pree=

)

Tertlary, dowever, the association of these structures with
the definite pre-Swauk synkinemztie regional metamorphism and
e known structural history of the Horthern Cascades lesve

no doubt that these structures are pre=Tertiary,

STHUCTURES

The structures of the presTertiasry rocks may be sube
divided inte (1} thosze involving only the low gz rade netamorphie

rocks, and (2) those invelvis the medium grade netamo rphie

rocks,

Internal Structures of the Low Grade ﬂ@t&ﬁarg 1ie Roe ks

The internal structures of the low prade rocks are
not exposed except for the details of sehistosity, lineatio STy
compositional banding, etc, discussed in the chapter on pete

rologye Subeisoelinal folding is common in the low grade




sLng dountein area also,
Ihe avtitudes of the schistosity planes of the

greenschists are fairly censtant, The strikes are almost

west of north asnd us sually £ between K30Y and

HEOW. The dips usually are steep, zene rally between 709 and

northed e

g0°, Southwesterly dips are much more common
terly dips. If the f@lﬁiﬁg is isoelinal, the predominantly
southwesterly dips indieate thot the folds spe overturned to
the northeast, ILineaticns shown by the sligmment of elongated

minerals, probably b lines tions, lie within the plane of

sehi ﬁ@szt nd plunge either o the northwest or goutheasat
& F

%% angles of usually less than 459, These atbtitudes we

caused by the forces acting during the reried of conssructive
o ] g

mebamorphism and the greenachists were com mpeter nt during the

a

later pericds of penetrative mechaniesl deformation,

3

The attitudes of the schistosity planes of the

3

e

G
by

phyllites are not uniform, Two planes o schistosity are

often present in the phy lites and & third s plan

has developed, In the field, it is often

of the varisus s planes, Randon

mine the age relation
dips and strikes cannot be used to unrsvel the structural

complexities of the phyllites 8. m the geologiec mayp, the

plotted dips and strikes of tae s of the phyllites are 2¥ale

uated as follows: autitude 8 known to be on 8y are plotted

ke

n

)

din

&

T

b

with & large solis strike symbol, attitudes kneun to




be on gz

skeleton

solid

symbol, and a large

on 8 planes forp
2 relations are not kaown, Host of Lhe mefe

sured dips and strikes belong to the last grouns Too few
; & s .
data are avalilable to pernis any generalizations on differe

ences, 1f' any, bebtween the attitudes of 81 and s5, The prow
dominant strike of all the messurements on o planes in the
phyllite is northwesterly but the ranse is from HeS to L=,
The dips of the s planes of the phyllites algo vary, The
measured dips rang 159 to 90° and ere fairly evenly dis-

tribubed throughout ranges. There are many lineastions
in the phyllites, lost them are cauged by the intere

@

D
causzes of the 1

more detailed s

Hany lineations w

of most of then
5 ;P e By n %
Habther than clu

minor folds

Folds

bhe minor
plunge either ¢
plunge is ususal

he

the

s steep as

axes of the

£

@-.‘w

lanes and some probably are minute drag lds,

However, the

inestions usually are

not apparent without

tudy than wss done in this investigation,

were meagured in the fleld but th relations
fed (t‘“

to the tectonie framewerk are not known,

Gite

~Ler up the map with uvnevaluated data, the
plotted for the phyllites are the axes of
of s« These are b linsation, The axes of
generally heve s northwesterly strike angd
o the northwest or southeast, The angls of

1 & i‘;%}{gﬁ 3%}&3-&“%@%} i%: may

b lineat

Ly
857,

largey scale folis

Fairly

k]

RS

n imply that

I the phyllites have




a northwagberly

5{‘%

T

of the fold axes

sLtitudes are comparsble bo those
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trend and fairly gentle plunge. These

of the folding of the

hersforve the pgenerally northwesterly trends

Y

o

he phyllites are the result of the

forces agching during the episode of constructive metanorphlsm,.
The later episeodes of penetrative deformation have distorted
the attitudes of iﬁ@ phyllites and created new 8 planes,

The patberns of %u and s+ ere not apparent, end the nature

the Toroeass rvo

he

ErE

[

sbructurally,

‘w

gponsible for them unknoune

£

ographica

aengchiste

ﬁf):

are topo tly, and apparently

E

the phyllites

along South § ceests that the greenschists form
the core of a synelinorium of greenschistg and phyllites,

The evidence would bs more convineing 1T the phyllites were
cnown bo cuberop in Jegelaon and Desr Creeks on the west

side of the main body of greenschists. This part of the ares

unmapped.

2 ia 3 Pas e
Swauk formation apparently overlies the greenschist. The
southesstern slopes of South Fork Ridge are wooded and no
cuberops were found exeept for several knobs of lgneous rocks
and greenstones, The structure of this part of the arsa is
further complicsted by the presence, largely under cover,
of the Swauk formation., At the progent, 1t cannot definitely

he shtaved that i

dops axizt.

¥

oy

o
>

he sre

e

4

he synelinorium of greenschista phyllites

el
ang

enschiats and phyilites togsther form a tightly
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seohitsm,  The
greenschist indicate

"elds are overturned ta the 285he
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To the north, Fisch (1952 and oral

evidence of two preeTertisry CrOLEe

8. lilsch detes the easrlicr as prabable nre=iiddle Jupsssie

the later as posteBarly Cretseeous, Tt is almost ecertain

tigpins Hountain

"'5.2‘

arca occurred during the older orogeny, The penetrative dee

formation of the phyllites could dste frow the younger orogeny

e
o
o

it also might have occeurrsd during the later phases of

older oregeny,

i

structures of the Medium Orade Sebtanorphie | tocks

The few attitudes baken on the s of the hornblendew

plagloclase schist found on the northeast face of Hound Foun-

tain have northwesterly sirikes and moderste northeasterly

Lhe

by a westerly inersase in re

P scuthwesterly dips, It is not known whether these rocks

part of the same tectonie unit as the gaelss found in

et

g

i

Gtillapuanish Velley or whether they were formed in place

‘onal metamorphic grade during

&’Q

netructive metazmorphism,
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The foliastion of the hor roblendesquartsedl
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in place, and must hiove baen

oy
et
o
Py
o
3
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neans, either

v {2} thrusting in from

die rocks vwhieh ac

the Cascades to the east znd northeast., No avid tenece has

Llow pogltior

near the bage of the Jwauk formation abt the

e
:
s
o
&
&
o
]
o
o
=
W

S, 5

of & gynelinsl downfold of Jwauk rocks, Due to Querternary

cover, ul

w&‘

¢ Swauk Tormation has not besn observed actuslly

to overlie the gneiss. Only a hundred yards north of the
gaelss, arkoses of the Swauk formstion ouberop in the floor
of & small velley at an elevation verhaps 100 feet lowsr than
the top of the hill formed by the gnelss, The attitude of

k4 vy 5. as, #, . PV s it
L8 nct apparent. This arkosne

nill of sneiss was an irrvee
surface which existed pricy to the

Formation and the arkeses filled in
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"aleosole veleanie roeks 1 mile aouth of the Canadian

?*“5

upper

B 4

border nerth of the Horth Fork of the Hookssek River., Iiseh

11

hag found the appsrent reot mone of the thrust on the west side

S

& LR P 3 o N o5
0l fount Eldorsadeo northuest of Casesds Pase, The rocka of
he thrust mass in this area are the arpe=

a subdivision of the elag=

where hetrozensous fkagit sneisses which ia distinguished by
its homegansity in composition and texbure, Hand specimons
and thin seetions of Eldersdo gneisses sre strikingly similay

to the gneisses of the

el 3 oy gF 4 5 2 . 8
Eldorado tyre zneisses snd

cecuy north and south of the

prasent ares along a northwesterly trending gone about 40
mlles long. The minimum displacement of this thrust is abaug
30 miles, The scatbterad klippen of gneissose rocks are the

strageling remnants of an overthrust of large dimensions

whieh onee covered mueh of this part of the Nerthern Casecades,

TERTIARY STRUCTY
The nost impressive topographie feature of the asres
is the south fzee of Higgins lountain - g steep eliff nearly
& miles leng snd ur to & mile in helght with bhousands of
ieet of the Jwauk formation exposed in the upper portions
(Fige 51}, Viewed from the Stillacuamish Valley, the Swauk

western part of the mountain appesrs to be

o
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=
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e
o
ot
s
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&
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Loidin

middle of the mo.ntain, the dip

westerly. In the past, this change




nogs

across bthe northwest plun

&

&

syncline in the Swauk formation, The beds on the western

Hountaln scbually dip to the north and

fountalin or the

%

{Fize 53}, About 2000 fest asrt

ml g 2 2 W i e g o gty dong i, g o
axis is exvposed on the northeast

3
ol
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L
&
L
&«
g
t:,;,,
&
e
&
]
=
o
B
8

However, a fault does appenr to coin

of the axial rnlane through
= (63

dies oub to the north in a shert distance or else swings sway

P

from the axisl plane in & northerly ¢ oos glong

1lt im uncers

Hi gins Creek valley, fThe displacement of this o
tain, but it is not likely thaet the disslacement is very large

Yt the sama thickness of Swauk rocks

since there seems Lo be sbou
on both liwmbs of the synecline. The effect of this faulting
on bhe attitudes of the beds of the esstern limb of the

syncline 1s unknown,

Ang Hountaln sre contreiled by

combination of bedding end jeinting. Stripped bedding surfaces
ars common (Fig, 52}, The triangulsr shapes of the peaks
on the esst limb of the syncline folleow prominent, steeply

dipping, northeast and northwest striking joints., The wostern
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sulk Tormation on the south

rrobably is the result of faulting,
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