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plagioclase, and anhedral biotite and horn-
blende grown in a finer-grained quartz-
plagioclase granulite........ccecees salamiaree OO

IXVII Columnar andesites forming cliff on east side
of Bench Mark Mountain......cececcceeeens A B RO O .
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THE GEOLOGY AND PETROLOGY OF THE CRYSTALLINE ROCKS
OF THE

BECKLER RIVER-NASON RIDGE AREA, WASHINGTON

INTRODUCTION

Location and Accessibility

The Beckler River-Nason Ridge area is a part of the Northern Cas-
cade Mountains province of the State of Washington, and lies approximately
halfway between the Puget Sound lowland on the west and the Columbia Plateau
on the east (Figure 1). The center of the mapped area is about 60 miles east
of Seattle. The Cascade Crest--the divide for east—‘and west-flowing drain-
age in the Cascade Mountains--bisects the mapped area. Flate A shows the
topography of this pert of the Cascade Mountains.

The area mapped is approximately triangular in shape, with maxinmum
dimensions of about 25 miles from east to west and 15 miles from north to
south. More than half éf the mapped area lies west of the Cascade Crest, and
occupies parts of King snd Snohomish Counties (Plate A). The part lying east
of the divide is within Chelan County. The mapped aréa is included in the

Chiwaukum and Skykomish topographic quadrangles (43, a and c) of the United

States Geological Survey.
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Where ridges are composed of schist or migmatitic gneiss, a cha.ra.c-b
teristic asymmetrical topography results (Plate IV). The northern slopes, as
8 Neson Ridge and in the Chiwaukum Mountains facing Nason Creek (Plate A),

igtaircases” of near vertical cliffs separated by narrow, sloping benches.
y southern slopes are considerably less steep. This asymmetry is typical of

rery ridge formed in schist, and presumably is the result of a more intensive

laciation on the wind- and sun-protected north slopes.

Previous Geologic Work

Geologically, most of the northern Cascades has been unknown, and

 ,, certain restricted areas have been studied. Previcus work in the Beckler
-Nason Ridge area have been of a general recqnnaissa.nce type only. The
esults of this generalized work have been incorporated in the Geologic Map

if the State of Washington (7). This mep gives the approximate distribution
of the granitic and metamorphic rocks in this area, but the description of the
Jeciric units and the boundaries of the various rock types are incorrect.
Some additional work has been done in adjacent areas. Before the

d of the last century, I. C. Russell made several reconn#issa.nce trips

Ugh the areas lying to the east and northeast (38, 39). W. S. Smith made
Flef petrographic and physiographic study of the Skykomish River basin

ML, 45),  Southeast of the Beckler River-Nason Ridge area,. B. M. Page

bne work imvolving structure, petrology, and physiography (30). Im-

Bely east of Nason Ridge, C. L. Willis has made detailed structural and

Hogic studies (51, 52).

Purpose of the Investigation

This study forms a part of a larger project to investigate the

Y of the crystalline rocks between Stevens Pass and the Canadian Border
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PLATE VIII

Vimy Ridge, the Cascade Crest, and Glacier Peak (10,436 feet)
as seen from Robin Mt.
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PIATE IX

The valley of the Little Wenatchee River from Benchmark Mt.
Looking southeastward, Mts. Howard, Mastiff, and Rock form
the prominences on Nason Ridge (right distance). The Entiat
Mts. occupy the farthest distance. Cady Pass lies just to
the left of Robin Mt. (foreground).




Sloan Peak (7,790 feet), Mt. Pugh (7,150 feet), and Mt. Baker
(10,750 feet high and 67 miles distant) from Benchmark Mt.
Looking northwest, the rocks in the right foreground are recent
andesites capping the older metamorphic rocks of Benchmark Mt.
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(Figure 1). This larger project, which emphasizes the petrology and struc-

ture of the cfystalline rocks, was commenced by Peter Misch in 1948, Soon

after--in 1949--the author commenced the study of the Beckler River-Nason

Ridge aree. A number of geologists, all of whom have worked at the Univer-
éity of Washington, are participating in this project. Their results, as
well as the present paper, will be published individually &s separate numbers
;. a series of contributions to the geology of the northern Cascades.

Concomitant with this Northern Cascades project, a number of grad-

3Lte students et the University of Washington are engaged in studies of the

$¢4tral Cascades. This latter project is under the general direction of

Dr. Howard' A. Coombs.

3

Procedure

Field work in the northern Cascades is restricted to a comparative-
r short summer season because of heavy winter snows which occasionally total
f00 inches. Consequently, the autpor worked a total of seventeen weeks in
fhe fleld during the summers of 1949 through 1952.
‘ Aerial photographs were not available. Therefore, the mapping wa.s
iccomplished by Brunton compass traverses aided by photographically-enlarged
Oples of the Chiwaukum, Glacier Peak, and Skykomish topographic quadrangles

if the U. S. Geological Survey (48). In addition, part of the area is covered

éilithographed'copies of U. S. Corps of Engineers Northwest Sector photo-maps.
Because of the dense cover of timber and brush at the lower eleva-
lons (Plates V;VII), traverses gene;ally were made to the highest peaks,
O0g the main ridges, and along the canyons of the major streams.
Winter seasons were occupied in the preparation of thin sections
;$‘the more than 600.rock specimens collected, and in the petrographic

lies of these rocks.
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PLATE XTI

S M

Typical alpine meadow terrain of the Cascade Crest, as seen
north of Pear lake. The Monte Cristo group lies in the dis-
tance to the northwest.
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PLATE XII

Looking north toward Cady Pass from near Pear Lake. The
nearest peak (left) is gneiss; the rocks to the right are
schist. Glacier Peak lies in the distance.
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PLATE XIII

Robin Mt. (left) and Saddle Gap. Cady Pass lies just beyond
Robin Mt. Glacier Peak and the White River Glacier (right
edge) in the distance. A large andesite dike is the source
of the lighter-colored talus near the summit of Robin Mt.
(upper left).
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GEOLOGICAL SETTING AND OUTLINE OF BEDROCK GEOLOGY

Introduction

The Cascade Mountains of the State of Washington are & north to
south trending range which, in the broadest sense, may be considered as a
tapographic unit. However, the rocks and the structures of the range vary
Igreatly from place to place, and three major provinces can be recognized.

South of Smoqualmie Pass, which lies about 30 miles southwest of

~ Stevens Pass (Plate B, 1-7), most of the exposgd rocks are Tertiary volcanics
(Culver, 6; Smith and Calkins, 42) which mask the older rocks and their struc-
Itufes. This area, mantled by volcanic rocks, is the Southern Cascade Moun-
;tains Province.

3 South of U. S. Highway 2 and Stevens Pass, and extending through the
area of U. S. Highway 10 and Snoqualmie Pass, the rocks are mostly Tertiary
:gediments and volcanics. Locally,‘pre-Tertiary rocks are exposed. The largest
Wess of the pre-Tertiary rocks is the Mt. Stuart uplift (Smith, 41) the
-@ranitic rocks of which probably are coextensive wiﬁh the granitic rocks of
the Beckler River-Nason Ridge area. Other, smeller uplifts which expose pre-
Wertiary rocks occur. One of these areas lies southeast of Snoqualmie Pass,
‘u}d there the Easton schist (Smith and Calkins, 42) crops out. This ‘terrane
O dominantly Tertiary rocks, with subordinate pre-Tertiary rocks, is the
Céntral Cascade Mountains Province.

North of Stevens Pass the Cascade Range is a complex mass of meta-
‘Vflmic, sedimentary, and igneous rocks which are dominantly of pre-Tertiary

BBE. This terrane of older rocks forms the Northern Cascade Mountains Pro-

The Beckler River-Nason Ridge area 1s centrally located in the

Mthernmost part of the Northern Cascede Mounteins Province. The rocks are
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s mck correlatives can be considered as being present. This. isochemi-
11

metamorphosed sequence is definitely shown to be equivalent to the

.%1 t gneisses (Misch, 23) which are granitized correlatives.

1 Near éranite Falls, Washington, Thompson, Wheeler, and Danner (L6)
wve describad middle and upper Permian fusulinidae. In addition, Denner ‘
¢!seh, 23) has discovered Permian fossils in a number of other localities
g‘ihe western foothills of the nor@hern Cascades.

Daly has described Triassic fossils at Cultus Lake in British

‘¥:umbia (8). However, Frebold's redetermination (9) indicates that these

fossils are lower Jurassic in age. In addition, Triassic fossils have been
_,, nd by Rice (37) in British Columbia, close to the Canada-United States bor-
er, and earliest Jurassic fossils have been described from British Columbia
ﬂilocalities lying within the Northern Cascade Mountains Province (Daly, 8;

i
rebold, 9).
In the "Limestone Belt" of Okanogan County, Washington, Misch (26)
6 found a sequence of locally fossiliferous rocks which grade into meta-
iglosed rocks which range from the chlorite to the sillimanite zones. The
Fbonate member of this section was considered to be probable Triassic in
%1by Waters and Krauskopf. Misch reported on the meiamorphism of these

(26), and his collections of fossils indicate a probable upper Triassic

TFbr the fossiliferous part of the section, thus confirming Waters' and

WSkopf's original determination (Misch, oral communication). , %

Cretaceous and earlier fossils have been described from the San

V;Islands by McClellan (22). The marine Nooksack formation of Misch (23;

or

#8L communication) contains late Jurassic and early Cretaceous faunas.

formation ig underlain by probable middle Jurassic geosynclinal volcanic

* The marine sedimentary rocks of the Nooksack formation grade into
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o @- Because of this low grade metamorphism of these Jurassic and Cre-

: rocks, Misch (oral communication) suggests that other metamorphosed

e0

¥e of medium and high grade may be older than these upper Jurassic and

er Cretaceous sedimentary rocks. However, evidence for this is inconclu-
, especially since Misch (oral communication) has found upper Paleozoic
Jeanic and sedimentary rocks in & non-metamorphosed state north of the
,,.ack Valley. Unfortunately, at no place has there been found a deposi-

contact between the upper Paleozoic rocks and the Mesozoic rocks. All

red contacts are tectonic.
Although the main synkinematic regional metamorphism of the northern
des is, according to Misch, probably pre-upper Jurassic, he reports that

‘gome places a static metamorphism, associated mt.h local granitization, is

gnger than the upper Jurassic-lower Cretaceous sequence. One locality is

it of Ross Lake,

|
i found by H. Zwart (oral communication) of the University of Leiden.

Washington. Another, north of Jack Pass (Plate B, D-1),

rt mapped an area northwest of the Beckler River-Nason Ridge area in 1954~

€ participating in the Northern Cascades project as a U. S. State De-

tment post-doctoral research fellow.
 Irrespective of the exact ages of the rocks involved and of the ab-

age of periods of orogeny and of metamorphism, Misch believes (oral com-

tion) that the following sequence of events can be considered as defi-
iy established for the morthern Cascades:

ll

An early period of orogeny, with highly mobile forms of
folding was associated with widespread regional meta-

morphism and synkinematic granitization;

A later orogeny, which affected upper Jurassic and lower

Cretaceous rocks, as well as older rocks, was characterized




by folding and major overthrusting. These overthrusts were di-
rected to the east-northeast on Jack Mountein, east of the Ska-
glt gneisses (Misch, 23), and to the west-southwest in that area
west of the Skagit gneisses which lies between the Canadian Bor-
der and Cascade Pass (Misch, oral commnication). Thrusts direc-
ted to the west southwest also have been found near Darrington
(J. Vence, personal communication), and in the region of Mt.
Bdring and Gunn Peak (R. Yﬁtes, personal communication). This
thrusting produced mylonitization and low grade retrogressive

. metamorphism, and, in the case of the Skagit gneisses, phyllon-
ites were formed in the immediate vicinity of the thrusts. In

connection with this thrusting, Misch found, south of Cascade

Pass, that rocks originally of kyanite facies have retrogressed
to the chlorite zone, with a locel production of chloritoid.
Misch also points out (23) that the phyllitic metamorphism of
the Juressic-Cretaceous sedimentery rocks belongs in this same
phase'and tends to be associated with the post-early Cretaceous

overthrusting.

This sequence of events is rather définitely established. ILess defi-
te is the absolute age of these two major phases of orogeny. Misch (personal
Elnication) believes the first phase is earlier Mesozoic in age. Although no

8ic rocks have been described in the northern Cascades of Washington, upper

8881c rocks are ﬁidespread immediately north of the internatiomal boundary in

' Princeton map area (Rice, 37). These rocks are in part metemorphosed and

f%mmﬂiically granitized in the same manner as the Skagit gneisses. If upper
888ic rocks are present in the "Limestone Belt" of Okanogan County, Washington,
have likewise definitely participated in the main orogenic metamorphism and

lzation (Misch, oral commmication). As suggested previously, this




Cretaceous rocks. Therefore, this first orogeny probably occurred during

;ftegt Triassic'or early Jurassic time.
f

Inasmuch as the Nooksack formation is composed of essentially
gonformable upper Jurassic and lower Cretaceous marine sediments (Misch,

ipersonal communication), there was no Nevadian orogeny in the northern

Cascades .
The age of the second mein orogeny which produced folding, large

geale thrusting, some low grade metamorphic effects, and, in the case of

pre-existing high grade rocks, some retrogression, is definitely post=

garly Cretaceous. Misch (23) believes that this orogeny pre-dates the

BWwauk formation which is of Paleocene age and may include rocks of latest

Cretaceous age. Moreover, he believes that this orogeny is probably

irlier than the late Cretaceous Nanaimo formation of Vancouver Island and

he San Juan Islands. Thus, this second orogeny occurred in middle or

rly late Cretaceous time,
o

HAimo formations would be a third and less intense orogeny of still

and the orogeny that affected the Swauk and

f?r date (Misch, 23). As mentioned above, some higher grade static

$BIOTphism and granitization have, at least locally, occurred after the

®0Rd main orogeny. Tn addition,

many of the massive directionless
I

itic rocks of the northern Cascades, including, as in the Chilliwack

%“lith, statically granitized
leties

as well as mobilized and neomagmatic

» are later than the second (post-early Cretaceous ) orogeny

B 23), and are in part even later than the post-Swauk folding (Vance,

1) Personal communication).

In the Beckler River-Nason Ridge area there is no superposed retro-
[

400 vhich would indicate that this ares bad participated in the folding

E*ting of the second main orogeny. Regional considerations indicate
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et the thrust sheet of Mt. Baring and Gunn Peak must have gone over the
Backler River-Nason Ridge area, and that the root zone of the thrust must lie

et of this area. Thus, the metamorphosed rocks of the Beckler River-Nason

Y

Pidce area apparently are the result of the early period of orogeny during

which highly mobile forms of folding were accompenied by widespread regional

metamorphism and synkinematic granitization.

Outline of Bedrock Geology

The crystalline rocks of the Beckler River-Nason Ridge area are

phyllites, schists, gneisses, and directionless granitoid rocks. The

mejority seem to have been derived from sediments through a metamorphism of

regional extent. This metamorphism, which has affected most of the rocks of

the northern Cascades, may be termed regional orogenic metamorphism. Moreover,

ifhese rocks have been subjected to a metamorphism which was contemporaneous

With & penetrative differential deformation. That is, these rocks are the

products of synkinematic metamorphism. The phyllites, and most of the schists,

@re the results of an isochemical metamorphism in which the chemical composi-

tion of the original sedimentary rocks has not changed materially during the

Period of metamorphism.

The gneisses and the directionless granitoid rocks,

08 the other hand, have been changed significantly by the addition of chemical

Substances. Thus, these rocks are the resultants of a metasomatic metamor-

ﬁ“sm. In many of the gneisses there are repeated altermations or bands, with

BAYErs of granitic rock in juxtaposition to layers of definitely recognizable,

iso hemically metamorphosed schist. These heterogeneous rocks are termed

~ﬂ§“tites, and the term migmatitic is applied to those rocks where a deriva-

Hon fron migmatites can be proved. This applies whether or not the final

B8 is granitoid in character.
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Part of the schists and gneisses, and all of the directionless

itoid rocks, have undergone a static metamorphism--a& type of metamorphism

accompanied by penetrative deformation. In the case of the rocks of the

sckler River-Nason Ridge area, this static metamorphism has followed a phase

penetrative deformation, both being continuous. Hence, the term post-

inematic metamorphism applies to these rocks.

In the discussions that follow the rocks of this area will be de-

ribed in the order of ascending metamorphic grade.

gsochemically Metamorphosed Rocks

Those rocks which show only an isochemical metamorphism are the

yllites and the schists. More detailed descriptions of the rhyllites and

ieé several varieties of schist are reserved for later chapters. A sketch of

se rock types is presented here.

Phyllites. The phyllites represent the lowest grade of metamor-

fiem present in this area, and consequently they are most closely allied to

original sedimentary rocks. The phyllites are restricted to outcrops of

ted extent in the westernmost part of the mapped area. Plate B shows

he outerop pattern of the phyllites.

The prevailing strike of the phyllites is northwest to southeast,
# oSt are minutely isoclinally folded. The folds are uniformly overturned
the southwest. The majority of these rocks are sericite-chlorite phyl-
8, and are representative of the low grade zone or epizone (Grubenmann,
) or regional metamorphism.
Smith (45) has designated the phyllitic rocks in the vicinity of
komi sh and the Beckler River-Nason Ridge area as belonging to the Peshastin
Wtion. The Peshastin formation of Peshastin Creek is a dark phyllitic

& Which locally, as determined by Misch (personal communication), has

e T
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been subjected to & low grade contect metamorphism with the resultant local
Wroduction of & chiastolite schist. However, there is no faunal or lithic
tpasis for correlating the Skykomish Basin phyllites with the geographically
distant type Peshestin, especially in view of the fact that phyllites in

‘the northern Cascades range in age from Paleozoic to Cretaceous. Therefore,

the phyllites of the Beckler River-Nason Ridge area are not designated as

‘belonging to the Peshastin Pormation. Rather, they are described simply as

ipre-Tertiary (i.e., pre-Swauk) phyllites.

Schists. The schists are one of the most common groups of rocks
leropping out in the Beckler River-Nason Ridge area. They do not form one
well-defined and continuous belt, but occur in many parts of the mapped area
(Plate B). The schists crop out most extensively east of the Cascade Crest,
@nd they are the dominant rock type in the area east of Pear Lake (Plate B,
D=6), on Mt. Fernow (Plate B, I-8), and on Rock Mountain (Plate B, G-10).

There are also lesser bodies of schist west of the Cascade Crest. Specifi-

» these occur on the southwest and south flanks of Evergreen Mountain

[Biate B, £ and F-3), on the east fiank of Capitan Peak (Plate B, H-5), and

P Robin Mountain (Plate B, B-5).

The largest single ares of schists is that in the vicinity of Rock

Mountain. Here they form a belt up to two and one-half miles wide, and in

e mapped area they have been traced for almost twenty miles along the

trike.

This schist unit, however, is not restricted to the mapped area.

1%*15r Schists have been described about ten miles to the southeast in the

STy of Chiwaukum Creek (Page, 30), and Misch (personal communication) V

S 0bserved these schists in the valley of the Whitechuck River, over thirty

€8 £0 the northwest.

Both east and west of the Cascade Crest the schists also occur as

] : . : . ;
=€r bodies enclosed or intercalated in gnelsses or directionless
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eanitoid rocks (Plate B). Whether occurring in large units, or as inter-
Bilations in other rocks, or as limited remmants in granitic rocks, the

xu sts invariably are gredational with the adjacent rock types.r

Schists crop out at both the highest and the lowest elevations

in the aree. The Chiwaukum Mountﬁins, lying south of the mapped area

kylate A), are composed of schist, and attein elevations in excess of 8,000
feet. Rock Mountain, the bulk of which is schist, is one of thé culminations
gf Neson Ridge, and exceeds 7,300 feet in elevation.

The prevaeiling strike 1n the schists is northwest to southeast, as
it is in the phyllites. The schists generally are folded isoclinally, and it
{s probable that any larger structures not readily visible are also isoclinal
folds. Generally the schists have a steep northeasterly dip, and the folds
a“wically are overturned to the southwest.

The schists are extremely variable in composition, and for con-
Uenience they have veen divided into three groups. The largest group is that
of the biotite-quartz schists, many of which have an aluminum excess indicated

By the presence of kyanite and 5taurolite in the mesozonally metemorphosed

Ailess extensive group is that of schists in which hormblende is a major
Btituent. Finally, there are very subordinate bands of schistose amphibo-

i#te intercalated in the more abundant biotite-quartz or hornblende-bearing

chists .

Though the schists are variable in composition and texture, they are
T’QT uniform in appearance. Generally they weather to a dirty reddish-brown
'gQT; and apart from the subordinate amphibolites, it is difficult to dis-
BBUish the various types of schist in the field. The mejor groups to be

BCTibed have been differentiated by petrographic methods.

Page has mapped the same schists immediately south of the Nason

B8 area, and he named them the Chiwaukum schist. He (30, figure L)

ks, and sillimanite in the katazonally metamorphosed rocks (Crubenmann, 19).
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Beribes this unit as........
! "foliated rocks ranging from phyllite to fine gneiss. Varieties
include gray quartz-biotite-graphite schist, hornblende-quartz-
feldspar schist, garnet-quartz-biotite schist, and fairly abun-
dant green schist, commonly composed largely of hornblende,
actinolite, chlorite, and talc." '

Recently the term, Chiwaukum schist, has been used in the sense of
|

;‘Pre-Tertiary metamorphic rock. The writer believes that both Page and

¥e recent workers have used the term Chiwaukum in too broad a sense, actual-

» meaning nothing but pre-Tertlary schists of various kinds. The term, if

ed at all, should be restricted to the aluminum-excess sequences of schists

und at Page's type locality on Chiwaukum Creek. If so restricted, the term

uld be applied to the kyanite, staurclite, and sillimanite schists of the

I
gekler River-Nason Ridge area.

jélsses and Directionless Granitoid Rocks

The gneisses and directionless granitoid rocks of this area general-

i

viﬂe transitional with the isochemically metamorphosed schists. These greni -

»ﬁ‘rocks are the result of both & synkinematic and a postkinematic metamor-

88l dnvolving the metasomatic addition of chemical substances. The terms

éitic and granitoid are used in this paper in the broad sense of any granu-

IOCk with a composition ranging from diorite to granite.

The migmatitic gneisses are the variety of granitoid rocks which is

”Flosely allied to the schists. These gneisses typically are thinly-banded,

balternations of fine-grained, dark-colored schist and coarser-grained,

f? Olored gneiss. These heterogeneous rocks are clearly migmatites which
b

transitions between definitely recognizable isochemically metamorphosed
. ang metasorstically-derived granitic gneiss, and they demonstrate an in-

L€ Drocess of granitization.
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The most extensive outcrops of the migmatitic gneisses occur along

”"~on Ridge (Plate B) and in the northern part of the gres between Grizzly

Peak (Plate B, E-5) and Cady Pass (Plate B, B-5), Future field work probably

:gll demonstrate that the Nason Ridge outcrops and the Cady Pass outcrops can

‘be connected to form one broasd belt.

Smaller areas of these migmatitic gneisses crop out both east and

iwﬁt of the Cascade Crest (Plate B). The most extensive of these smaller

@ireas extends from west of Barrier Peak (Plate B, I-6) to the vicinity of

ica Mountain (Plate B, D-3).

Coarser-grained gneisses of granitoid composition are subordinate

Ja the migmatitic gneisses in areal extent. These gneisses, unlike the mig-

@atitic gneisses, are not prominently banded. Rather, the foliation generally

k8 defined by slight variations in composition
I

s With thin s8tringers of a high-

I mafic mineral content alternating with less mafic-rich zones. Moreover, a

of the foliation is defineqd locally by a preferred orientation of part

£ the minerals. Locally, it is only this slight preferred orientation of

e mafic minerals which distinguishes these gneisses from directionless

@nitoid rocks.

The granitic gneisses generally form narrow bands, and show all

B81ble gradations between migmatitic gneisses on one side and directionless

8 t01d rocks on the other. On Barrier Peak (Plate B, I-7) and around Pear
€ (Plate B, c-5), these.gneisses are the dominant rock type. The linea-

B of these gneisses and their subordinate included bands of schist and

Matitic gneiss parallels the adjacent, more clearly-foliated rocks. In

Cases the granitic gneiss
[

€5 are completely gradationsl with ad jacent

Btitio gneisses and directionless granitoid rocks.
g

———————S B
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The directionless granitoid rocks are the most abundant rock in the

kler River-Nason Ridge area. They range in composition from diorite to

penodiorite, but quartz diorites are most common. These granitic rocks

form the bulk of the central and southwestern parts of the mapped area, and

Beir most extensive area of outcrop lies west of the Cascade Crest (Plate B)

s directionless granitic rocks generally are entirely gradational with ad-

,i ent gnelsses and schists. Significant exceptions to this occur on Mt.
fernow and on Beckler Peak.
The mapping in the Beckler River-Nason Ridge area shows that the

z diorites in the vicinity of Stevens Pass (Plates A, B) are probably

@ northern prolongation of the Mt. Stuart batholith, first described by

Smith (hl). This poses an interesting problem, inasmich as the quartz dio-

}&es of the Stevens Pass area are largely of replacement origin, whereas
I

e southern part of the Mt. Stuart batholith is clearly intrusive. Thus,

bwntites form the northern border of the Mt. Stuart batholith, and there

B the seemingly anomelous situation of one side of the batholith being mig-
IBtitic, and the other, intrusive. Misch (28) describes a similar situastion

L6h regard to the Chilliwack batholith in the northwesternmost Cascades.

iﬂ:, the east side of the batholith is the locus of a static recrystal-
dzation of the Skagit gneisses, which themselves are the products of a

fiinematic granitization of schists and amphibolites. Yet, on the western

de of the Chilliwack batholith there are intrusive contacts, and even iso-

ted intrusive stocks have been produced west of the main western contact

‘the batholith. Misch (personal communication) ascribes these relation-

BS £0 mobilization of material of migmatitic derivation.




WMiscellaneous Rocks

In addition to the above, there are very subordinate lime-

%ilicate rocks and andesites. The lime-silicate rocks crop out only

on Robin Mountein (Plate B, B-5) and on West Cady Ridge (Plate B, B-4);

Bhe andesites occur as a flow capping the summit of Bench Mark Mountain

(Plate B, B-4) and as a lerge dike on Robin Mountain.
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GEOLOGY AND PETROLOGY OF THE CRYSTALLINE ROCKS

Isochemically Metamorphosed Rocks

Low-grade Rocks

|
;ﬁllites

Distribution and structure. The lowest grade metamorphosed rocks

fm-sed in the Beckler River-Nason Ridge area are phyllites. These rocks are

# limited areal extent, and they are restricted to the westernmost part of

d@ mapped area (Plate B). Here they crop out east of the lower Beckler River

‘% east of its confluence with the Tye River. The most extensive exposures

$e in a belt (Pl. B, F-2) which crosses the southwestern spur of Evergreen

g,.tain and the Rapid River, and then passes transitionally into biotite-

7z schists. The maximum width of this belt across the strike is about

BO00 feet, and its longitudinal extent is at least two miles. A second belt

it phyllites crops out about one-half mile south of the confluence of Rapid

d Beckler Rivers (Plate B, G-2). A third area in which scattered outcrops
B phyllite occur is on the southwestern spur and south flank of Beckler Peak

JBES B, I-2). This phyllite is well-exposed in a road cut on U. S. Highway 2

BOUE one-half mile east of the junction of Tye and Foss Rivers (Plate B,

2).

b The phyllites generally are poorly expcosed. They are not resistant
d are easily weathered and eroded. Thus they do not have a distinctive
POgrarhic expression. Moreover, the phyllites crop out only at elevations

less than 3,500 feet. Consequently, they usually are masked by the timber

??rush bPrevalent at these lower elevations. The best exposures are in cuts

8 the Beckler and Rapid River roads, in a short cut along U. S. Highway 2,

40 the lower canyon of the Repid River (Plate B).



)
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The prevailing strike of the phyllites is northwest to south

it is for most of the foliated rocks of this region. The exceptio:x
1ing strike is at the foot of Beckler Peek (P1. B, J-1) where f#

o) Vai
scomplicated the structure and produced attitudes which are at va
‘I

Nith the T

1
Most of the phyllites are

ional strike.

folded isoclinelly, the folds bel

Birned to the southwest. Most of the folds are of small amplitude, &

an inch OF two from crest to trough. These small folds may be minors

es on the flanks of larger, concealed isoclinal folds. The attit

lhe phyllites and adjacent schists along the lower Rapid River Ssugges

the phyllites form part of the southwest flank of a major northwest-j

gyncline (Plate B, F-2 and 3).

The phyllites cropping out near the confluence of the Rapil

Beckler Rivers are flanked by biotite-quartz schists into which the
form dark-grey color, with

he phyllites here typically are of a uni

Tw-ing the foliation planes lustrous. On the southwest spur of Be
Bhe phyllites have undergone later, cross-cutting sheering through X
}vwced high engle faulting. As & result they are shattered, deeply

8nd characteristically of & rusty-brown color.

Description. Most of the phyllites are thinly-foliated g

dfonounced banding. The banding is an alternation of dark-grey to

BB netcrisl and thin laminae of quartz. _These light and dark bE

n these rocks (Plate XIv). Loca

#8ible the details of structure i
quartz up to 12 inches long and W
e crestal

8 Segregation lenticles of incl

8 majority of these lenticles are curved and occupy th

lds.
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o

The following mineral assemblage is typical of the majority of the
Pvllites: quartz, 60%; sericite, 15%; chlorite, 5%; graphite, 5-10%; and
onetite, 5%. In addition, biotite is present in those phyllites which are

e nsitional with the biotite-quartz schists. The biotite then forms up to

0% of the rock, with an accompanying reduction in the amount of sericite
and chlorite.
|

Accessory minerals include apatite, clinozoisite, and plagioclase.

he plagioclase is usually albite, but oligoclase (average, An3o) is always

Beesent in the biotite-bearing varieties of phyllite. Some specimens of
hyllite show traces of epidote, muscovite, tourmsline, and zoisite. The mus- w

ovite is more coarsely crystallized than the sericite of typical specimens.

geply weathered specimens show considerable alteration, with biotite, if pre-
|

ent, altering to chlorite, plagioclase altering to sericite, and maegnetite
tering to limonite with a resultant staining of most of the rock.

The bulk of the ground mass is composed of quartz which is not only

piicentrated in lenticles and laminae, but is disseminated throughout the rock

Plate XIV). Sericite occurs in bands and as a subordinate component of the
|

WBrtz-rich laminae. Much of the sericite forms minute elongate plates which

€l the schistosity. The chlorite is mostly clinochlore, and is formed

fminute pale-green flakes which also parallel the schistosity. Biotite,
80 present, is a later constituent, and generally is fine-grained ("seri-

83form” ) and pale-brown in color. However, a few grains of biotite are

‘§78reen and are distinguished from chlorite by a higher birefringence.
88 0T the biotite replaces earlier chlorite in parallel intergrowth.

Graphite occurs in thin laminae between the quartz-rich and the

kfite-rich bands. The graphite laminae apparently were gliding planes.

8Y be or significance that where graphite is a major constituent of a




PLATE XIV

(Photomicrograph, crossed nicols) Graphitic
sericite-quartz phyllite. The quartz-plagioclase
(An28) segregation band marginally replaces the
finer-grained phyllite. (Spec. E-35, E. side,
Beckler River, 15 miles south of Rapid River).
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phyllite or schist, the rock is extremely fine-grained, and lower in metamor-

ic grade than adjacent, grephite-poor or -free rocks. The writer has reo-

Barked this coincidence so many times in the rocks of this 'ares that he won-

ders if graphite makes a rock resistant to coarse crystallization.

Plagioclase typically forms minute, untwinned anhedra. Usually the

plagioclase has indices of refraction less than those of quartz, and apparent-

iy is albite. Where the phylliites are in Proximity to biotite-quartz schists,

and biotite is a major constituent, the plagioclase is twinned and has indices

of refraction about equal to those of quartz. These indices, coupled with de-

Berminations of composition based on the extinction angles of albite twins,

dndicate that this unzoned plegioclase is oligoclase with an average composi-

tion of An28-

There is an interesting relationship between the quartz-chlorite-

;ericite phyllites and blotite-quartz schists which occur on the southwest

Bpur of Beckler Pesk (plate B, J-2). Here the phyllites have been intruded

by mobilized metasomatic granodiorites. Near the contacts of the phyllite

With the intruded granitic bodies the phyllite contains biotite. This biotite

8 later than the main assemblage of the phyllites, and is in part mimetic

Bter the formation of the 5o or axial plane cleavage of the phyllite. Most

OL this biotite is not elongate, and it has only a slight tendency to a pre-

L€TTed orientation.

Intercalated in the rhyllites are bands, up to 3 feet thick, of a

i"e-grained blotite-quartz schist. In this schist there is a later set of

BS8F planes which trensects both the sy and s, (cf. p. 43) of the schist.

}h Of the biotite has been converted to

o
S
i

fibrolite in this process of shear-

The contacts between phyllite and schist are marked, locally taking

I“e Within 1 inch, measured in "c" (i.e., the axis verpendicular to the
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in tial foliation plane, El). Locally, there is a complete gradation between
sehist and phyllite which takes place within the space of less than one foot.
| This repeated rapid transition from phyllite to schist does not
seer possitle as a result of regional metamorphism. The evidence apparently
fndicates that the growth of late biotite in the phyllites, and the formation
bf thin bands of blotite-quartz schist, is the result of a local thermal con-
tact metamorphism which resulted in a differential biotite growth in the phyl-
Jite. These contact effects were restricted to the immediate vicinity of in-
frusive grenodioritic dikes. These dikes, which are discussed in a later
;Q:pter, are interpreted as mobilized material of metasomatic derivation. The
following facts are introduced in support of this conclusion:
1. The biotite is late and mimetic after the s, of the phyllite and
schist. This biotite shows no appreciasole elongation or pre-
ferred orientation except where later shearing has forced the
biotite into alignment along shear zones which lie at an angle
to both the 5y and the EE;

The biotite-quartz schist bands are either adjacent to or close

to sill- or dike-like bodies of intrusive granitoid materials;

Biotite is not present in any of the typical phyllites, nor are

there any intercalated bands of biotite-quartz schist more than a
few hundred feet from the phylliite-granite contact.

fhetic interpretation. The sericite-chlorite phyllites are typical of the

dii~grade zone (i.e., epizone of Grubemmenn, 19, or chlorite zone of Barrow,
J of orogenic regional metamorphism. The limited distribution of the phyl-
tes, and the gradation into schists of a higher metamorphic grede, sug-

8Ls that certain areas did not attain as high a temperature as others dur-
€ Orogenic regional metamorphism. The quartz and graphite content of the

[Lliteg suggests that they were derived from highly carbonaceous shales.




Most of the phyllites show an interesting progression of metamorphic

events. The first event was a metamorphic differentiation effected during a

erystallization under stress. As a result the phyllite became bended, with

BBlternations of quartz-rich with sericite- and chlorite-rich bands. In this

.Im55? El’ the initial foliation, was produced {(Knopf and Ingerson, 21, p. 45; =
gander, Lo, p. 57). No bedding is visible, and it is presumed that the bedding
penﬂjﬁls 8- Some of the banding, therefore, may be pr}mary, with a later
‘exaggeration through metamorphic differentiation and esn accumulation in the

erests and a thinning along the flanks of folds.

Subsequent to the formation of the 595 isoclinal folding océurredo

s a result, axial plane cleavage, Sp, was produced at an agle to the sj3.

Winute wedges of quartz, transverse to sy, are evidence of this phase. Where
jhe phyllites transitionally pass into biotite-quartz schists, this latter
phase of deformation apparently was accompanied by rising temperatures, for
blotite, formed partly at the expense of chlorite, has a preferred orienta-

fion perallel to the Sp- A still later generation of biotite, formed trens-

Werse to both s-planes, apparently indicates that high temperatures continued

[ter the deformation that produced the had ceased. Thus, the biotite in |

25

the phyllite-schist transitionsl zones is partly late kinemstic, and partly | 1

Postkinematic.

The latest events involve minerelogical changes caused by weather- |

Medium and High Grade Rocks |

ibtite-quartz schists of the kyanite and sillimesnite zones. 4 ii

Distribution and structure. The biotite-quartz schists are the

B8t abundant type of schist in the Beckler River-Nason Ridge ares. Two of



e nighest peaks--Mt. Fernow (Plate B, H-8) and Rock Mountain (Plate B,
{JD),.are composed of this type of rock. There also are extensive outcrops
B8 the southeastern flank of Evergreen Mountain (Plate B, F-3), on the peak
;St of Capitan Point (Plate B, H-5), and in the area lying between Grizzly
Beak (Plate B, E-5) and Cady Pass (Flate B, B-5).

The schists generally are folded isoclinally and much contorted
(Plates XV, XVI). The dips are variable but generally steep to the northeast,
8 the folds almost invariably are overturned to the southwest.

Many of the biotite-quartz schists are visibly banded, with alﬁer-
jpfions of light- and dark-colored layers which emphasize even the smallest
getails of structure (Plate XVII). The biotite-quartz schists have three
fvpes of bands. The widest and most prominent bands are composed of medium-
018
Strike. There also are numerous crescentic quartz lenticles-which occupy the
frests of the folds. Alternating with these quartz-rich bands are much thin-
|

er, fine-grained quartz bands, and thin, dark, fine-grained biotite-rich
Some of the fine-grained schists have as many as 15 different bands
Within one inch, while others have thicker bands. Locally there are boudin-
‘%=Ped quartz aggregates which are up to 18 inches thick perpendicular to the
Wﬂiation of the schist; i.e., in ¢, the axis perpendicular to the initial
These massive segregations of coarser—grainea Qpartz

(0liation plane, 55 -

0eally extend for a score or more feet in the direction of their longest

s o, b, and ¢ axes follows that of Sander (40). In his definitions, the

ed quartz, and they exhibit a pronounced pinching and swelling across the

85, This long axis parallels the b-lineation of the rocks. The intermediate

88 of these aggregates parallels the a-axis in the schist. The usage of the

80 b axes 1ie at right angles to each other in the plane of the foliation,
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PLATE XV

Banded biotite-quartz schist, White exudation

bsnds and lenticles of quartz mark the isoclinal

folding and steep dips characteristic of these |
schists, Immediately west of Schilling Creek

on U, S. 2.
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PLATE XVI

Banded biotite-quartz schist with intricate
minor folding. Later cross-cutting quartz-
feldspar replacement veins. East slope of
Mt. Fernowe



PLATE XVI1I

2]

Y I

Banded biotite-quartz schist with wider :
quartz exudation bands, thin bands of i
quartz-plagioclase mosaic, and dark bio-
tite-rich bands. Small, light-colored
spots in the biotitic bands are almandite.
Spec. A-24, west flank, Jim Hill Mtn.
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fith the a axis parallel to the direction of tectonic transport.

A microscopic examination of the biotite-quartz schists shows that

many bave en abundance of the aluminum silicate minerals kyanite, staurolite,

or sillimanite. These minerals are of chemical significance in that they in-

dicate an excess of alumina and strongly suggest that the original materials

were rather pure argillaceous sediments. Moreover, these aluminum silicates

;1 nish a convenient method for zoning the schists into metamorphic grades.

Following the classical divisions of Barrow (2) and of Grubenmann (19), the
I

e sence of kyanlte or staurolite indicates that the rock has attained the

mesozonal grade of regional orogenic metamorphism. In addition, the presence

of kyéﬁite is considered to be conclusive evidence that the rock was subjected

0 temperatures equivalent to the hotter part of the mesozone. The disappear-

ance of kyanite, and the formation of sillimanite in its place, is considered

@ be ean indication that the highest grade of normsl Progressive regional

ietamorphism (i.e., the katazone) has been reached.

Most of the biotite-quartz schists of the Beckler River-Nason Ridge

iréa are of mesozonal grade, and kyanite and staurolite, index minerals of the

|
£80Zone, are the most prevalent aluminum silicates in the biotite-quartz

chists.

Howvever, in the north central part of the mapped area there is s U=~

hBped zone (Plate B), up to 2 miles wide across the strike, in which there

€ schists which contain sillimanite as the only aluminum si

licate index

*enﬂ_ Along the borders of these katazonel schists there are narrow tran-

tion zZones in Whlch kyenite and sillimanite occur together in varying pro-

»ions. These border zones are never more than several hundred feet wide

988 the strike.

The location of the sillimanite-biotite—quartz schists is approxi-

delineated on Plate B. They crop out within the area which is south of
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p Lake (Plete B, D-6), north of Grizzly Peak (Plate B, E—S),' and west of

;l, e Janus (Plate B, F-7). The northwest extent of the sillimanite-bearing
:gists nad not been determined at the time of the field work. Howevér, in
95k-55 , Dr. H. Zwart of the University of Leiden, while participating in the
S-thern Cascades Project, mapped an area to tﬁe northwest and found the
orthern continuation of this sillimanite belt (personal communicﬁtion).

The shape of the sillimanite-biotite-quartz schist zone is of in-
erest. Inasmuch as both the sillimanite-bearing and the kyanite;staurolite—
J;ring schists show the same degree of folding and contcrtion, it is assumed
hat both the mesozonal and the katazonal schists were subjected to identical-
fresses. Thus, variation in stress spparently is eliminated as a factor in
%ﬁs zoning.

The question then arises as to whether yariations in depth of burial
Bl hydrostatic pressure were the controlling factors in this development of
ost of the schists as mesozonal and part of the schists as katazonal in grade.
-3?Ver, this thesis is discarded on the grounds that the isograds are dipping
%'intersect the horizontal.

Therefore, & thermal control must have determined this zonation.

fils control would have caused a progressive zoning during regional metamor-

IS in & menner similar to that described in the Nange Parbat area of the

Blayas by Misch (2L4).

Barrow (2), as well as some other petrographers, has assigned kya-
€ and staurolite to separate zones of regional metamorphism. However, a
By of many thin sections demonstrates that these classical zones do not

to the schists of the Beckler River-Nason Ridge area. On the contrary,

flite and staurolite are found as contemporaneous and stable constituents

-

e same schist. Moreover, rocks which separstely contain kyanite or
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ftaurolite are closely associated with rocks containing both minerals in
priented intergrowth, and the irregular distribution of these two types of
yocks shows no zonal pattern whatsoever.

In view of this and the fact that kyanite and staurolite are clear-
contemporaneous in many schists of this area, the mesozonal biotite-quartz

Bchists are assigned to a single kyanite-staurolite zone. This zone corre-

gponds to the hotter part of the medium grade or mesozone of regional metamor-

phism (Grubenmann, 19). It is of interest that other petrographers, including

Read and Misch, have previously questioned this concept of separate zones, for
' ;yuﬁte- and staurolite-bearing rocks.

In those rocks which are transitional between the mesozone and the
fetazone, and contain kyanite and sillimanite as stable and contemporaneous
tonstituents, staurolite is absent. This absence of stauroclite presumably in-
ilcates that kyanite has a somewhat wider range of stability and can exist at ’
ligher temperatures.

The occurrence of sillimanite--a high temperature aluminum sili-
lite--as a stable constituent of some 6f the schists is indicative of the high
Ene or katazone of normal progressive, synkinematic regional metamorphism.

:: Siere kyanite and sillimanite occur together, it is suggested that the rock is
| lla transitional zone which corresponds to the coolest part of‘the katazone.
Meny of the schists contain that variety of sillimanite known as
lbrolite. These fibrolite aggregates usually can Ee seen to have formed in
lnection with a later shearing and squeezing of biotite, and no zonal signi-
fince is attached to this late and fibrous variety of sillimanite.

The examination of the biotite-quaertz schists impresses one not only
}hthe distinct banding but also with the high content of quartz. An average

Blite-quartz schist contains about 50% quartz, though the content ranges
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§i & lov of 20% of the rock to a high of about 60%. The wider quartz bands
Mate XVII), lenticles, and boudin-like aggregates are composed of anhedral

Petalloblasts averaging 1 mm. in size. These bands contain smell amounts

jelongate'biotite and accessory graphite which occupy positions of random

Hentetion in the intergranular spaces. Locally, there are small anhedral

Mividuals or irreguler aggregates of plagioclase lying between the larger

z grains. Usually the plagioclase is untwinned, but albite and pericline
ine do occur, and the composition of the plagioclase has a range from An3o

a}nnr. It is noteworthy that this plagioclase has the same composition as
2

gt occurring in the other two types of bands which make up the rock.

The guartz bands have participated i; the deformation of the

iists, and are a part of the isochemical metamorphism of the rock. This is
ficated by the undulatory extinction of the crystalloblasts, the sheared
fginal areas which subsequently have been recrystallized, and the inclusions

glongate biotite. Moreover, the pinching and swelling of the bands along

Estrike and the accumulation of quartz in the crests of folds, indicates
it the thicker bands are the result of a metamorphic differentiation under

@itions of active stress. Thus, they may be termed exudation or segrega-

@00 bands which separate zones of intense shearing.

These quartz exudation bands usually are adjacent to thin, greyish,

@82-rich, biotite schist bands (Plate XVIII). These bands consist of a

¥ fine-grained mosaic of strained, irregularly-shaped, usually equi-
€isiong]l quartz, with subordinate biotite and plagioclase. The structure

€8 bands is best described as granulose, or, after Misch, as a "xeno-

8¢ polygonal mosaic'. Flongate biotite and very subordinate magnetite,
fite, ang garnet are aligned to form s well-marked but discontinuous

tion .
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PLATE XVIII

(Photomicrograph, crossed nicols) Banded biotite-
quartz schist. Above: quartz-rich band with large
grains of strained quartz and subordinate plagio-
clase. Middle: finer-grained mosaic of quartz and:
plagioclase. Belowt biotite-rich band. Spec. B-10,
southeast flank of Union Peske.




The third type of band is dark-colored, rich in biotite, and forms

sonounced foliation (Plate XIX). In this type of band a fine-grained,
arly-shaped mosaic of quartz is associated with large quantities. of
Bgate biotite which forms layers up to several millimeters thick. These

1
.}ite-rich_layers vary in longitudinal extent, excepticnally being con-

The biotite generally is marked by a pleochroism

Mlous for several feet.

w; colorless to pale yellow=-green; Y:

reddish~brown; and Z: reddish-

Mﬁ‘ | Swn. The biotite flakes generally contain well-developed pleochroic haloes
und zircon nuclei (Plate XXII). The biotite generaslly forms about 30%
ﬁte rock, and has a range from 20% to 35%. Grephite is frequently aligned

mg the cleavage planes of the biotite, and grains and irregular aggregates

é@gnetite are common inclusions within the biotite.
Generally there are two generations of biotite. The older genera-
n consists of parallel flskes lying in the plane of foliation. These in-

iiduals are elongate, average 0.5 mm. in length, are 5 to 7 times as long
|

they are thick, and have irregular terminations. At the apices of the
|

ute isoclinal and sub-isoclinal folds the biotite is bent and, locally,

:recrystallized in polygonal arcs. This first generation of biotite is

‘Eiematic, and has resulted from a crystallization contemporaneous with

Ormetion (Plates XVIII, XX).
\ The younger generstion of bilotite generally is subordinate in
Blity. It consists of irregularly-sheped plates (Plate XIX), up to 1 mm.

» Which show no appreciable elongation. These plates either approxi-

,
Ly follow the foliation marked by the synkinematic biotite, or grow
‘ E

88 1t with random orientation. Helicitic textures sre common, and the
Btion, marked by lines of graphite and magnetite, is inherited by the

‘ } generation biotite without disturbance. This generation of biotite




PLATE XIX

(Photomicrograph, plane polarized light) Contorted
biotite-quartz schist. Post-kinematic crystalliza-
tion of biotite both along and across the foliation.
Graphite bands, merking the foliation, are included
in the biotite. Spec. A-2, main peak, Mt. Fernow.
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- ently represents a period of dying deformation and the static phase of
Qstallization following it.

| Plagioclase is a common constituent of the biotite-quartz schists.
Qapproximately half of the schists plagioclase is a minor constituent,
ereging less than 5% of the rock. But in other schists the plagioclase

rages ebout 15% of the rock, and, exceptionally, L5%. Thg composition of

-;t of the plagioclase is within the range An,, to An_

30 25°

It is significant that the few specimens having

Locally, the plagio-
Jise is a calcic as Anuo.
e more calcic plagioclase are poor in quartz and rich in biotite. One
micel sample has the following approximete mineral compositicn: quartz, 27%;
Ptite, 35%; and plagioclase (An36), 35%. This probably indicates a -control

C _

pthe composition of the original sediments, with the inference that this
I

sdiment was relatively rich in sodium - and calcium. Such a sedimentary rock

t have been a shaly greaywacke, containing andesitic or basaltic detrital
fterial, or a shale containing a tuffaceous admixture of similar (i.e., ande-
tic or basaltic) material. It is possible that the high plagioclase content
indicative of a moderate amount of "concealed" sodium introduction. How-

¢, this is unlikely inasmuch as the minerals appear to be contemporaneous

@ the rocks seem definitely isochemical in texture.

Where the plagioclase is a contemporaneous constituent of the

ists, and apparently has formed during the isochemical metamorphism of the
i;s, itz usually-occurs in minute anhedra which form an intricate interlock-
?ﬁttern with quartz grains; The individual crystals of plegioclase rarely
8 0.3 om. in greatest dimension. Most are untwinned, and unzoned, but
there are albite, Carlsbad, or pericline twins, the last being most

Blent. Bent and ruptured crystals, marginal shearing, irregular extinc-

P84 minute inclusions of graphite and elongate biotite indicate that the
Oclase participated in the deformation of the rock.




PLATE XX

= e
L0 mm
(Photomicrograph, crossed nicols) Mica-quartz schis

with synkinematic biotite marking the foliation, and
randomly oriented postkinematic biotite (b) and musco-

vite (m)e Almandine garnet (a) at lower left. Spec.

B-23¢, summit of Nason Ridge esst of Lake Merritt.
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In summary, the typical biotite-quartz schist is composed of three
fistinct types of bands, with quartz, biotite, and plagioclase the dominant

;nerals .

If Tyrrell's definition (47, p. 27k) is followed, this type of j

; k, with its alternation of bands and lenticles, would be called "gneissose'. f|]

oyever, most metamorphic petrographers do not follow this usage and would

fguestionably classify these rocks as banded schists.

?

|

|

‘ I

In the present paper w

e term "gneiss" is restricted to those fine- to coarse-grained foliated

geks which possess a high feldspar content and approach g granitoid cdmposi-

: \
7,n.

» . 2 s . . - 5 2 (.
This main type of schist is the besis for & number of special varie- I

{es which are characterized by the presence of additiocnal constituents such

grone or all of the following minerals:

almandine garnet, kyanite, stauro-

fte, sillimanite, and fibrolite.
1

Almandine garnet has a patchy distribution in rock types which other-

i8e have identical compositions (Plates XX, XXI). The garnet generally occurs

fismall crystalloblasts about 1 mm. in diameter. ILocally, the garnet forms

EPhyroblasts up to 6.5 mm. in diasmeter.

The garnet shows differing times of

¥Stallization with regard to phases of deformation.

Some garnet porphyro-

B8Us have a well-defined, S-shaped internal s (Sander, 40, p. 57) consist-

80f graphite and quartz inclusions.

This indicates that there was rota-

Ol during the growth of the garnet. Others exhibit a straight internal

[

ich has been rotated 90° or less.

This indicates that there was a static

et growth followed by renewed deformation (Plate XXII). In either case,

BEBruet is later than the primary deformation which has formed the 5 of

e Schigt.

The garnet, through crystallization force, invariably has bowed-

' the biotite on both sides across the foliation, and there has been s

B grovth of biotite in the "stress shadow areas"

¢ grovth (Plate xX1I).

resulting from the
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In the biotite—quartz schists which have undergone retrogression,
; of ths garnet porphyroblasts are altered in part to chlorite. This
Btrogression”, however, may be the result of weathering,

Kyanite and staurolite, index minerals of the hotter part of the
Sozone of regional metamorphism, are common constituents of the schists

% occur together or separately (Plate XXV). Locally, they form up to

% of the rock, '

Kyanite generally is confined to the darker, biotife-rich bands of
@ schist; and forms broad,Aelongate, tatular plates with the c-axes lying
;the plane of schistosity. The general occurrence of the kyanite (and
faurolite) in the biotite-rich bands, and not in the intervening quartz-

eh bands, may be indicative of compositionsl variastions inthe original
diments, The kyanite probably developed in aluminum-rich gands which
‘?ginally were highly argillaceous; the quartz in aluminum-poor, sandy

éars.

In many specimens the kyanite is bent, particularly at or-near the
% of folds, Then the kyanite comménly contains an internal s of graphite,
I8 few cases the kyanite has grown across the plane of foliation ( Rate
[II). This phase of kyanite growth is urusual, and is later than the defor-
#on, It apparently was the result of high temperatures which persisted

8r static conditions,

Staurolite forms rounded, irregular grains or, locally, six-sided
;blastic cross sections which are elongated in the plane of foliation,

g 8rly-shaped inclusions of quartz and graphite, and a helicitic texture,
ff byithe inclusion of lines of graphite and magnetite, are common,

f8lly the staurolite idioblasts bow-out the biotite on either side scross
“1iation, indicating that crystallization of the ecrystals was somewhat

than the primary deformation which formed the sj. A very subordinate




57 |

PLATE XXI

(Photomicrograph, crossed nicols) Almandite
porphyroblasts (dark) in biotite-rich layer
of banded biotite-quartz schist. Spec. A-24, i
west flank, Jim Hill Mt. i
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PLATE XXII

! 9.8 mm —
(Photomicrograph, plane polarized light) Almandite |
with an internal 8 of grephite and magnotite dis- i
playing post-crystalline rotation. Plane of folia- ‘
tion of biotite-quartz schist from left to right.
Randomly oriented biotite has formed in the "stress
shadow" areas left and right of the garnet. Biotite
plate at upper left contains a dark pleochroic halo L
(h) around a small zircon grain. Spec. A-44, just I
west of Schilling Creek on U. S. 2.
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%t of the staurclite grows with a random orientation across

the foliation.

g, the staurolite is in part synkinematic, and is in part postkinematic

Sate XXIV).

On the scuthwest flank of Rock Mountain (Plate B, G-10) and on the

gth spur of Beckler Peak (Flete B, H-2), there are fine-grained, highly

£

@rbonaceous biotite-quaertz schists which appear to contain large (up to 20

[ in length) Porphyroblasts of chiastolite with well-developed graphite

psses (Plate XXV). A microscopic examination shows that these porphyro-

lBsts ere no longer chiastolite, but are an intergrowth of kyanite and stau-

Plite or, locally, a fine-grained aggregate of muscovite. Tt is noteworthy

t 1n this process of one mineral becoming pseudomorphous after another, the

#Bphite crosses of the chiastolite were inherited without any apparent re-

rangement being caused by the growth of the kysnite and staurolite. These

eks record a significant progression of metamorphic events. The chiasto-

fite apparently formed during a static period with temperatures probably in

e varmer part of the mesozone. Subsequent to this static phase, dynsmo-

hermal metamorphism in the warmer mesozone produced the kyanite and stauro-

fite, ang recrystallized under lower temperature the muscovite. The chiasto-

e s interpreted on the basis of its preference for an environment without
v LSS .

Sillimanite locally forms up to 10% of

some of the schists (cf.

Ussion, p. 47).

This aluminum silicate, indicative of the high grade or

#8Zone of regional metamorphism, generally

forms columnar aggregates and

e

4N needlegs which are oriented perallel to the folistion. The sillimanite

feral)y ;g bent, and is usually restricted to the biotite-rich bends of the

Ck (Plate XXVI). Gernet is.a common associate. In some rocks in the zones

B8 between the sillimanite-bearing schists and the kyanite-staurolite-

|
|
|
|
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PLATE XXII1I

(Photomicrograph, crossed nicols) Postkinematic
kyanite idioblast (dark) transecting foliation of
biotite-quartz schist. Growing porphyroblast has
bent out the foliation of the groundmasse. Some
recrystgllization of biotite, muscovite, and quartz
in the groundmass has produced s very slight super-
imposed hornfelsic texture. Spece. C-15d, south
slope, Mt. Howard.




(Photomicrograph, plane polarized light) Idioblasts
of staurclite in a staurolite-kyanite=biotite-quartsz
schist. Staurolite has bent out foliation of mica
schist matrix, Spece. B=1 2a, southeast flank, Rock Mt.




PLATE XXV

B-/26

.|:|||:!||||z|1|,||_qs|||||||||é'|||||||||g|||;%i!|l|

Kyanite and staurolite forming pseudomorphs after
chiastolite (light colored areas) in a fine-grained

' graphite-staurolite-kyanite-biotite-quartz schist.
Spec. B=12b, southeast flank, Rock Mte.
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wing schists, kyanite is a stable associate of the sillimanite, and

perally forms in parallel intergrowth with the eillimanite. This relation-

ip is interpreted as indicating the rock is in the coolest rart of the

A variety of sillimanite, fibrolite, is,a common constituent of

e schists. The fibrolite forms fibrous masses which generally are bent

@ locally occur in swirling, complexly folded "clouds'. Most of the fibro-

te has formed from squeezed biotite along well-defined, closely;spaced

ear planes which commonly are at an angle tq the foliation. 1In a few of

§é schists the fibrolite ocdurs in an orient

ed intergrowth with sillimanite.

g8ociated with the fibrolite is miscovite which forms irregularly-shaped

@8tes with random orientation. The muscovite replaces biotite, and in many

gliples inherits the aligned graphite and magnetite inclusions of the bio-

+ o

Thus, many of the biotite-quartz schists contain one or more of the

Winum silicates and they can be divided into metamorphic grades. In addi-

18 . ; ! : : ;
on to kyanlte, staurolite, and silllmanlte, certain other minerals occur in

:%ssory Quantities. These include:

8. Muscovite, which locally forms up to 5% of the rock. The

miscovite displays the same two generations ag biotite.

The second geheration is most abundant, and forms il1-

defined and irrégularly-shaped flakes (Plate XX) which

lie at various angles to the folietion. Some of this

muscovite has grown at the cxpense of biotite while in-

heriting the graphite and magnetite ineclusions of the

biotite. This miscovitization of biotite may indicate

& slight postkinematic introduction of Potassium;
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b. Apatite, which is a common accessory mineral and, exception-
elly, forms up to 5% of the rock. The apatite forms irre-

gular to rounded grains in the biotite-rich bands; .

c. Magnetite, which forms anhedral grains and clusters; and is

concentrated in the vicinity of muscovite-replaced biotite;

Tourmaline, variety schorlite, which has a very patchy dis-

tribution in rocks which otherwise are apparently identical
in composition.
Other minerals are present in the schists, but collectively they

no more than one or two percent of the rock.  These minerals include:

n, which forms the tiny nuclei of the Pleochroic haloes in biotite; gra-

, which occurs as minute grains within quartz, biotite, and later musco-
Hﬁzthite, which forms the nuclei of some of the pleochroic haloes; echlo-
 generally the variety pennine, which is an alteration produet of biotite
arnet; and sericite, which forms thé-cloudy interiors and fuzzy margins

ltered plagioclase. Both sericite and chlorite are.either retrogressive

ls or sre the result of recent weathering.

lende-beering Schists

Distribution and structure. Schists which contzin hornblende as &

tonstituent or, locally, some other amphibole, are one of the most abun-
Ock types of the Beckler River-Neson Ridge srea. Unlike the biotite-

schists which occur in many perts of the mapped area, the hornblende-

8 schists generally are restricted to the region lying northeast of &
X8V between Excelsior Mountain (Plate B, B-2) and Jim Hill Mountain
B, 1-9). The mgjor areas of outcrop occur on West Cady Ridge, in the

Y of Pear and Heather Lakes, near the hamlet of Berne, and between Rock

M and Mt. Howard (Plate B). However, the hornblende-bearing schists




(Photomicrograph, plane polarized light)

A banded garnet-biotite-sillimanite-quartz
schist typical of katazonal conditions of
regional orogenic metamorphism. Spec. D-2ka,
near Wenatchee Pass.
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ot restricted to the mapped aree. Similar schists have been described to

m‘~ | outheast by Page (30) in the vicinity of Chiwaukum Creek.
\ {

i

‘1\?‘

The hornblende-bearing schists occur as intercalations within belts

otite-quartz schist or migmatitic gneisses (Plate B). Though the

blende-bearing schists are not as areally extensive as the biotite-quartz

sts, the hornblende present in many of the migmatitic gneisses, in the

=

Salgized remnants of schists in migmatite zones, and in the directionless

=

Mtoid rocks, indicates that this group of rocks was far more extensive

r to granitization.

These rocks have participated in the same deformetion that produced

biotite-quartz schists, and the structures of the two types are ldentical
ature and degree. The hornblende-bearing schists have steep dips which are
to the northeast, and have isoclinal folds which typically are over-

8d to the southwest.

Petrography. It generally is difficult to differentiate the horn-

de-bearing schists from the biotite-quartz schists in the field. Most of

lornblende is so fine-grained as to make megascopic determination impos-

Biotite,-which locally is .present, aids in making these hornblendic
3 very similar in appearance to the biotite-quartz schists. In both types

chist westhering produces the same rusty-brown color. However, some horn-

e-bearing schists have a dark-greenish hue which aids in differentiating

Trom adjacent biotite-quartz schists. Both types of schist are banded,

ffFIﬁlly the hornblende-bearing varieties have thinner and less conspic-

bands., Moreover, the wide, prominent quartz exudation bands typical of

Otite-quartz schists are absent in the hornblende-bearing schists.

A microscopic examination of the hormblende-bearing schists shows a

€ structural difference from the biotite-quartz schists. This is caused
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ither a partial or complete postkinematic recrystallization of the minersl

mblage in the hormblendic schists,

with the result that crystals lying

syerse to the foliation are common.

In such rocks the schistosity is no

er delineated by a preferred orientation of the minerals,

but is marked by

mpositional banding.

Hornblende is the most common mefic mineral Present, and the amount
I

ges from & low of about 5% to & high of 30%

of the mineral assemblage.

ks exist in which the amphibole content is as high as T0%, but these have

g assigned to another group, the amphibolites.

The hornblende shows a w

ide renge in composition. Some of the horn-

ide is of the common green variety,

and has a pleochroism marked by X:

g olive brown; Y: olive green; and Z:

dark bluish green. The maximim

inetion engle (z:c on 010) is about’ 21°

» and the 2V is sbout 65°, Other

iples, apparently magnesium-rich and iron-poor, have the very pale green

Irs indicative of a high admixture of the actinolite molecule.

This pale

Al hornblende, which quantitatively is the most important variety, has a

IChroism merkeqd by X: almost colorless to very pale olive brown; Y: pale

OW green; and 7: olive- to bluish-green.

The maximum extinction angle

1s less than that of the common green hornblende,
to 18°.

and ranges from

The 2V is large, approximating 80°.

The hornblende individuals generally are elongate Prisms with rag-

Imlnatlons. These ere most

prevalent in bands up to 3 or 4 mm. thick

fich individual crystals,

rarely exceeding 0.8 mm. in length, form =

s"‘tilmous foliation with an imperfect subperallel arrangement (Plate

1). Some of the larger crystals, up to 1.5 nm. long, have been recrystal- -

% Bubsequent to deformation, and they

lie transverse to the schistosity.

* & considerable amount of this postkinematic recrystallization has
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, the crystals lie with random orientation, and the schistosity is de-

‘;. solely by compositional banding. Generally, however, SJnklnematwc

ende is present and aids in defining the schistosity. In hornfelsized
adjaceﬂt to granitoid rocks, recrystallization has destroyed the schig-
y insofar as a preferred orientation of the minerals is concerned. How~
F;ven under these circumstances the banding has survived.

| Meny of the hornblende individuals have a sieve texture, and the
ecommon inclusions are plagioclase, apatite, and magnetite, Pleochroic

s about zircon or orthite nuclei are locally abundant. Twinning is rela-
!

y common.

Locally, tremolite is the dominant mafic mineral. The tremolite oc-
dn short prismatic to bladed crystals, and generally is far more fine-
ed then the hornmblende, averaging less than 0.2 mm. in length (Plate
). The extinction angle (z:c on 010) averages about 12°, Magnetite is
p
mon associate, and commonly there has been g recrystallization, trans-

' to the schistosity, of later prhlogopitic biotite. Plagioclase is the

BOT constituent of the tremolite-bearing schists, and quartz generally

Y. subordinate.,

In addition to hornblende, tremolite, or, in one example, actino-
ylagioclase is a major constituent of these schists. The Plagioclase
forms from 35% to 50% of the rock. Some of the plagioclase is found
Hrthe amphibole~rich bands, but most of it occurs in narrow bands which
B8te with the hornblende-rich bands. This alternation gives the rock
and ed 8ppearance. The plagioclase comnonly is elongated parsllel to the
8L0sity, ang needles of hornblende are frequent inclusions.

The composition of the plagioclase of the hornblende-bearing schists

€TBlly more calcic than that occurring in the biotite-quartz schists.




(Photomicrograph, plane polarized light)

A tremolite-plagioclase schist with large
grain of later phlogopitic biotite (right)
statically recrystallized transverse to the
schistosity. Spec. E-14b, E. slope, Windy

Mt.
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general range in composition is from.Ath to An3h' The most calcic com-
tion was determined in tremolite-bearing schists; the least calcic in

1

tz-rich, pale green hornblende-bearing schists. The average composition

he plegioclase is about Anuo.
The plagioclase'generally occurs 1n small, untwinned anhedra. Fx-

iona there are larger individuals, up to 2.0 mm. long, which are twinned

r the Carlsbad, pericline, and albite laws. Some of the twinning is rather

.ca‘bed -

Most of the pleagioclase is a stable member of the mineral assemblage,

rently forming‘an integral pert of the isochemically metamorphosed schist,

prevalence of plagioclase in some bands, and of hornmblende in others, is
mably the result of a metamorphic differentiation under shearing stress.

lagioclase crystals often are formed in & xenoblastic polygonal mosaic

) 18 characteristic of zones which have been crushed through shearing and

;r‘ntly recrystallized.

Quartz is & common constituent, though locally it is absent. The

2 averages 5% to 10% of the rocks, and in one exceptional specimen it

1f°% of the rock. The quartz occurs as individual grains within the

\
sclase-rich bands, and as inclusions within hornblende erystals. The
[ i

5usually forms minute anhedra, most of which are. strained and display

iory extinction. Some individusls show a marginal granulation with a

duent recrystallization.

Biotite, locally, is an accessory mineral. Where present, the bio-

fCurs in three separate generations. The first is represented by crys-

A .
T‘Panallel intergrowth with hornblende, or by individusls in biotite-

Ands wvhich alternate with hornblende-rich bands. Such an alternation

tite-rich with hornblende-rich bands is probably a relic of original
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mentary differences. The second generation of biotite is contemporaneous

y the folding of the schists and the production of the 5o which lies trans-

e to the 5,. Much of this biotite has formed from hornblende along closely-

ed shear planes. The third, and most abundant generation of biotite is

pematic. This blotite Fforms the largest grains. They are irregular in

line, show no elongation, commonly lie at angles to both s-planes, and have

sed from hornblende. Iocally, this biotitization process has practically

ginated hornblende. The biotitization pProcess is accompanied by an accumi-

fon of eggregates of magnetite,
The pre-biotitization composition of many of the hornblende-bearing

sts 1s notable for a lack of potassium. Yet the process of biotitization

Bornblende requires potassium. Tt is suggested that a certain amount of
i

iSsium metasomatism may have been responsible for the biotitization.

Thus, the typical hornblende-bearing schists are composed of an

ibole (usually a variety of horablende), plagioclase, quartz, and, locsl-

biotite. In addition, there are accessory minerals. These include:

Garnet; zircon and orthite, as nuclei of pleochroic haloes; apatite,

h is especially prevalent in the quartz-

prlagioclase bands; muscovite, which
bsent in the biotite-free varieties; sericite, which generally has formed

,‘Iﬂagioclase;»sphenes and chlorite which has formed
:te.

from hornblende and/or

Locally there are very subordinate quantities of the epidote-group

Regional retrogressive alteration has strongly affected many of the

‘WBnde-bearing schists. fThis retrogression has resulted in mﬁch of the

e and hornblende being altered to chlorite (veriety penninite). The

roic haloes which are characteristic of the hornblende and biotite afe

ited intact by the chlorite. Epidote, zoisite, and clinozoisite sre
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1 alteration Products of both Plegioclase and hornblende. Sericite hag
ed from plagioclase and to such an extent locally that the twinning is
ured and the composition of the plagioclase is no longer determinable.
 bent and ruptured rlegioclase crystels are evidence of deformation dur-

this Period of retrogression. The latest alteration is caused by weagther-

y end in deeply-weatheregd specimens the magnetite hsg changed to limonite

| & resultent staining of the entire rock fabric.

Distribution ang Structure, Amphibolites are very minor in the

ler River-Nason Ridge erea, and they have been found cropping out at only
e localities. The most. extensive outcrops are southesst of Pear Lake in

;{cinity of Wenatchee Pasg (Flate B, D-6). Here there are bands of amphi-

tes up to 6 feet wide intercalated with hornblende ang bilotite-quartz
8t6. The zone in which the amphibcliteg oégur is about 500 feet wide

S8 the strike. These amphibolitic bands are in a zone of transition be-
‘lbiotite—quartz schists to the east and migmatitic gneisses and granitic
88es to the west.

Extensive outerops also occur near Butcher Creek (Plate B, G-15).
iddth end Occurrence of the amphibolite bands at this ldcality are simi-
%’ﬁhose of the amphibolites near Wenatchee Pass, and future field work
Hsclose the fact that these two areas of outecrop represent the same unit
iferent Places slong the strike (see Plate B). The major difference be-

the two localities of outcrop lies in the fact that the amphibolites

The ﬁhird locality at which amphibolites oceyur is on the east side

Mountain (Plate B, 1-6) vhere several bands, up to two feet wide,




12

EQm in a migmatite zone in & section which is predominantly grenitic

The amphibolites at Butcher Creek grade along the strike, both to
10 tﬁ west, into hornblende-bearing schists. At the other localities
éﬁ polites grade into granites, gneisses, or biotite-qﬁartz schists

the strike.

The differentiation of hornblende-bearing schists from amphibolites

en made on the basis of. the amount of amphibole present. From an exami-
i

" of many specimens, it was possible to distinguish two main groups of
\

‘§5e hornblende (or othéf’amphibole) -bearing rocks. One group contains

309 of amphibole, generally hornblende. Rocks of this group are desig-

gs hornblende-bearing schists. The other group, of subordinate impor-. ’
y . ;

has an amphibole content generally ranging between 60% and 70% of the

‘Rocks in this group are designated as amphibolites. Only rerely do the 1
I
lende-bearing rocks in this esrea have an intermediete hornblende content.

The amphibolites commonly have steep dips to the northeast or north,

re generally minutely and isoclinelly folded. The minor folds generally

rerturned to the southwest or south.

Thus, the structure of the amphi-

B .
88 is a rather faithful copy of that found in the schists.
:

Unlike the hornblende-bearing schists, which generally weather to

e hues of color as the biotite-quartz schists, the amphibolites are

Yy distinguished from other schistose rocks. Though a rusty-red weather-

?'r is prevalent, fresher specimens have a derk-greenish color which

iguishes them from the darker-colored schists or the lighter-colored

S in which the amphibolites are intercalated. Most of the amphibolites

iremely fine-grained, and a megascopic determination of the mineral

lage is ususlly impossible. Many of the amphibolites are banded, with
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oy dark-green bands alternating with very thin, light-grey bands.
Petrography. A microscopic examination shows that the banding is
ecult of an alternation of amphibole-riéh bands, up to 10 mm. thick,
blagioclase-rich bands up to 4 mm. thick. This bending gives the rock
er-ell schistose structure. In some of the amphibolites there is a pre-
g orientation of the minerals, but locally there has been a postkinematic
retallization with aApartial to complete destruction of 'the preferred
tation of the minerals (Plates XXIX, XXX). Where the preferred orienta-
has been obliterated, only the banding survives to mark the foliation.
The most common amphibole present is somé variety of hornblende,
jugh tremolite and actinolite are locally important. The hornblende gen-
¥ is a pale-colored variety, and it has a pleochroism marked by X: al-
eolorless to very pale greeh; Y: pale green or pale olive-green; and %:

i olive-green. The maximum extinction angle (z:c on 010) is sbout 15°,

he 2V is high, epproximating 80°. Flongate sections display middle

d order interference colors.

This pale green hornblende (probably actinolitic) is the most common
ole. In a few examples common green hornblende, identiéal to that of the
lende-bearing schists (cf. p. 66), occurs.

The hornblende forms minute elongate crystals which locally have a
ICy toward euhedralism. Most of the grains renge from 0.1 to 0.3 mm. in
! (Plates XXIX, XXX), but exceptionelly there are individuals up to 3.0
ong (Plate XXVIII). These larger crystals generally occur where common
hornblende ié the dominant mafic minersl.

The hornblende flakes are in a subparallel arrangement and generslly
Pitinuous layers which extend for considerable distances through the

Meny of the hornblende individuals-especially the larger ones--heve a
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PIATE XXVIIT

(Photomicrograph, plane polarized light) Amphibolite:
common green hornblende in subparallel arrangement;
subordinate plagioclase and quartz. Spec. B-36, divide
between Butcher and Kahler Creeks.




PLATE XXIX

(Photomicrograph, crossed nicols) Fine-grained
‘ortho-amphibolite with local felspathization.
Sieve-textured plagioclase (AN 38) porphyroblasts
(lower part) include green hornblende and plagio-
clase of sthistose amphibolite. Spec. D-22a,

west side, Grizzly Mt.

\
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PIATE XXIX

(Photomicrograph, crossed nicols) Fine-grained
ortho-amphibolite with local felspathization.
Sieve-textured plagioclase (AN 38) porphyroblasts
(lower part) include green hornblende and plagio-
clase of sthistose amphibolite. Spec. D-22a,

west side, Grizzly Mt.
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PLATE xxx

(Photomicrograph

‘ > Crossed nicols)
Probably derived

> through regiona]l
Phism, from g basic andesite. The averages
AN L0 in Composition. Transverse bPale-green hornblenge
anhedrs, show g slight Postkinemstic recrystallization.
Spec. D-25, Lower Pear Lake.

drtho—amphibolite
Oorogenic metamor-
Plagioclase
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texture, with inclusions of apstite, guartz, magnetite, and plagioclase.
t
. porming the nuclei of pleochroic haloes, is a common inclusion..

Where tremolite is dominant the rock is extremely fine-grained, and

?1ery few elongate crystels exceed 0.25 mm. in length (Plate XXVII).

Most of the amphibolites have been pertielly or completely recry-
:;. under static conditions. During this phase of metamorphic history
F the larger crystels were formed. Some of these individusls are paral-

the schistosity, but most lie with random orientation at acute angles

folistion. Some of the amphibolites near Pear Lake (Plate B, D-5) show

kinematic formation of actinolite. The actinolite partly replaces horn-
Lsong the rims, and partly grows in parsllel intergrowth with the horn-
The actinolite probsbly represents a postkinematic recrystallization

t%of the hornblende during a time of falling temperatures.

Plegioclase infariably is present, and exceptionally forms 50% of
gk, The aversge plagioclase content is about 30%., The plesgioclase in-
s are anhedra up to 1.5 mm. in length, maﬁy of which are elongated

l to the schistosity. Most of the plagioclase occurs in the thin

lase-rich bands, but individuals and aggregetes slso occur between the

le grains in the more mafic bands (Plates XXVII, XXVIII). The plagio-

Bnerally is untwinned, but locally there are crystals twinned after

f%bad, peficline, or albite laws. There are a few complicated twins,

& Individuals show weak zoning. It is noteworthy that these compli-
in twinning;-and the wesk zoning, occur in a schistose rock which‘is
bly non-igneous.

The composition of the plegioclase is variable. In the tremolite-

rocks the range is between AnSh and Anhé' This is a more calcic plagio-

M80 that found in the hornmblende-bearing schists. The plagioclase of the

lérages AnMO.




78

Quartz is a minor constituent of the tremolite emphibolites, and

ap to lo% of the rock. However, quartz generally is absent in the horn-

yamphibolites, and where present rarely exceeds 2-3% of the rock. The

‘ f
{@ccurs in anhedra which generally are confined to the plagioclase~rich

" Tocelly, the gquartz combines with plagioclase to form a xenoblastic
\

mosaic, the individuals of which average less then 0.1 mm. in diame-

Bilotite generally is presentbin the tremolite amphibolites and ab-

A the hornblende amphibolites. The calcic plagioclase of the tremolite

indicates a high calcium content, end a high magnesium content is indi-

not only by the tremolite but by the fact that the blotite is very pale

and approaches phlogopite in composition (Plate XXVII).

Megnetite and apatite grains are always present. Locally, clino-
|
) epidote, orthite, and zoisite are accessory minersls. With the ex-

nof the orthite, these minerals apparently are retrogressive altera-
I

)f the amphiboles.

These rocks are probably ortho-amphibolites; The considerable plagio-

é?tent, tﬁe absence or very minor content of micas ana of’quartz, the
b of quartz-rich bands and lenticules, and the rather uniform minersl

tion of the rocks militate against a sedimentary origin. A volecanic

is considefed more probable. In the case of the magnesium- and

=rich tremolite-bearing rocks, a dolomitic tuff may have been the

' Such a tuff would have furnished the sodium necessary for plagio-

?H¢tion. In the case of the hofnblende—amphibolites, a basic andesite

tic basalt may have been the source. In either case, the rock was

Miistose through processes of regional orogenic metamorphism, and the

%Pparently’is the result of a simple metamorphic differentiation under

 stress.




dlicate Rocks

Distribution and Structure. Lime-silicate roecks are the rarest rock
of the Beckler River-Nason Ridge area; This rock has been found in placé
n the sumuit ridge of Robin Mountain (Plate B, B-5). Here it is ex-
imperfectly in a band estimated to be about 3 feet thick. This band is
ently a concordant intercalatioh in a sequence of migmatitic gneisses snd
thized and hornfelsized biotite-quartz schists, The actual contsct of
ime~-silicate grenulite with the enclosing rocks was not observed. The
anits on Robin Mountain dip at a moderate angle (about 30°) to the
past, and folding, so common in the foliqted rocks of this area, was not

VEU «

This rock type is very‘fine-grained, light-grey, and Prominently

d, with very thin dark-colored bands alternsting with equally thin light-
d bands.

| Petrogzaghx. A microscopic examination of the rock shows that the
colored bands are mostly plagioclase and quartz. The plagicclase forms
ﬁﬂ% of the minersl assemblage, and displays two generations. Most of
lagioclase occurs in small, equidimensional,vuntwinned anhedra aversging
) 0.2 mm. A éommon associate is quartz which forms sbout 30% of the

The structure of these Plagioclase-quartz bands is granulose. In
lon to the fine~grained granulitic Plagioclase, there are larger plagio-
gﬁ'ividuals up to 2.0 mm. long. These larger plagioclase anhedra sre
éiOblastic, and growth into end inclusion of the groundmass is common.
Br, these porphyroblasts marginally invade the minersls of the darker
:and grow around some of the mafics preseﬁf there. The composition of

rger Plagioclase porphyroblasts, many of which are twinned, rsnges from

R‘Anga' Associated with these plagioclase porphyroblssts are larger
£rains displeying strain and undulatory extinction.
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The darker bands are wostly composed of fine-grained grenulitic

:@,1ase and quertz, with sbundant poikiloblasts of diopside. These diop-
‘individuals are up to 0.25 mm. long, and form sbout 25% of the rock. The

pide commonly contains inclusions of granulitic qQuartz and plagioclase.

diopside is light-green in color, and the extinction angle, Z o3 e,

L]

pges LO°. Some diopside individuals are altered along their margins to
-green hornblende which is formed in parellel intergrowth. Orthite,
1y with epidote rims, is a constituent of both the plagioclase-rich and

side-rich bands.

There is no pronounced preferred orientation to any of the minerels,

-:trueaidstose structure is lacking. The structure is that of a banded

glite. The bands vary in widfh, exceptionally being 1 em. thick, and they

1 and svell along the strike. These bands possibly represent originsl

gitional differences in a thinly-layered or 1aminated sedimentary rock.
f@r, the growth of plagioclase and quartz porphyroblasts in the granu=-

ground mass suggests elther a partisl static recrystallization of the

an introduction of sodium.

The composition of the originael sediment is purely conjectural; but

Omitic sandy shale is indicated. The calcium content, as evidenced by

LOpside and Plagioclase, and the magnesium content, as evidenced by the

€, suggest that the sediment was dolomitic. The rather high quartz

6, coupled with the alumina present in the plagioclase, suggests a

sandy shale. The Presence of epidote suggests that this rock is

in metamorphic grade~-an inference supported by the mesozonal char-

[ the adjacent gneisses and kyanite-bearing schists. INo zonal s1gn1-

* 1s attached to the pale-green hornblende inasmuch as it is s later

tion frop diopside, and may be an indication of recrystallization dur-

€riod of felling temperatures.




igenetic Interpretation of the Isochemically Metamorphosed Rocks

The petrographic characteristics of the isochemically metamorphosed

'&ave been described above. A genetic evalustion of these features sug-

the following history for these rocks.

(1) A thick sequence of sedimentary rocks probably formed the
source materisls from which the isochemically metemor-
prhosed rocks were made. Most of these sedimentary rocks
were argillaceous. The sedimentary and argillaceous
character of the sburce materiels is suggested by the

alunina excess from which there developed the aluminum

silicate mineral suite of kyanite, staurolite, silli-
menite, and, very locally, chiasstolite. The phyllites
and the biotite-quartz schists probably were derived
from these argillaceous sedimentary rocks, and it is
probable that'the bulk were rather Pure shales. The

relatively high graphite content of the phyllites and of

some of the schists indicates that some of the shales
were carboneceous.

The prevalence of the aluminum silicates and bio-

tite in certain bands, of quartz and plagioclase in other
bands, and of quartz in a third type of band mey indicate
that this banding represeﬁts original sedimentary dif-
ferences which have been exaggerated by metamorphic dif-
ferentiation under sctive stress.

The hornblende-bearing schists show & derivation
from a material originally rich in calcium, magnesium,

and sodium. Moreover, the occurrence of plagioclase and
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quarﬁz 8s important constituents is indicate of a reason-
ably high silica content. If the hormblende-bearing
schists are wholly isochemical in their metamorphism, it
is suggested thattuffaceous shales, or greywackes wi

en admixture of volcanic debris would furnish the cal-
cium; magnesium, silica, and sodium necessary for the
metemorphic minersl assemblage.

The very subordinate lime-silicate greanulites con-
tain an excess of calcilum over magnesium, as evidenced by
the plagioclase, diopside, orthite, and epidote content.
These grenulites may have been formed from a calcareous,
dolomitic, sandy shale.

If these suggested source beds are correct, the
majority of the isochemically.metamorphosed rocké would
have been derived from a thick sequence of rather pure
shales in which there were subordinate intercalations of
tuffaceous sheles, greywackes, and calcareous, dolomitic,

sandy shales.

On the other hand, neither a pure shsle nor s

dolomitic tuff of en intermediate composition could be
metemorphosed isochemically to produce the amphibolites.
Moreover,‘certain evidence suggests that the amphibolites
were not derived from s sedimentery rock. This evideuce
includes: a., the notably simple end rather uniform
mineral assemblage of the amphibblites; b., the absence,
or extremely subordinate amount of micas and quartz; and,

c., the slmost complete absence of gquartz-rich bands and

lenticles.




Therefore, some type of igneocus rock is postulated
&s having been the source for the amphibolites. The paral=
lelism of the emphibolite layers to the enclosing schists
and gneisses indicates that this igneous rock, if such it
was, was concordant with the underlying and overlying sedi-
ments. Therefore, flows or tuffs interbedded in the sedi-
mentary sequence seem probable. Where tremolite is the
dominent amphibole, a dolomitic tuff intercalated in the
sedimentary sequence could have furnished the required
calcium and magnesium. Where hornblende is the dominant
amphibole, an andesitic to basaltic tuff or flow might
have been the source bed.
. This sequence of sedimentary rocks, with its postulated
igneéus intercalations, then was subjected to regionsal
orogenic metemorphism. The rocks--whether they be phyl-
lites, mesozonal schists, or katazonal schists--display
identical structural details of shearing and folding.
In effect, the mechsnical yielding was the same in 11
three metamorphic zones.
Though the phyllitgs are zonally restricted in the
sense that they crop out only in the westernmost part of
the mapped area, they afe ectually distributed in = ran-
dom fashion within a dominahtly schistose terrane. FElse-
where, changes from mesozonal to katazonal schists are
gradational both along snd across the strike, and the
katazonal schists are more or less centrally located

(Plate B) in respect to the flanking mesozonal schists.
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Variations in intensity of mechanical deformation
do not explain this metamorphic zoning. It is probable that
temperature was the controlling factor, and there must have

been a local "hot spot" in which katazonsl rocks were formed,

and marginel "cold spots’ in which epizonal rocks were

formed.

During the first phase of regional orogenic meta-

morphism, the initial foliation, s., was formed, and s

o

schistose structure wes superimposed upon all of the rocks

except the lime-silicate granulites. Inasmuch as bedding

and El apparently are parellel in the phyllites, and relict

bedding is postulsted as forming the banding of the lime-

silicate granulites, it is assumed that the 51 and the bed-

ding probably are parallel in most of the isochemically

metamorphosed rocks. If 80, then the banding so typical of

the biotite-quartz schists may be relict bedding which has

been exaggerated by metamorphic differentiation under active

stress.

As temperatures increased, most of the schists at-

tained the kyanite-staurolite zone of regional metamorphism.

In at least part of the ares there was a static rhase with

moderately high temperatures during which chiastolite de~

veloped. With a resumption of active stress, kyanite and

staurolite replsced the chiastolite, forming porphyroblasts

which postdate the main Phase of deformation during which

the Ei wgs produced. The létter_is suggested by the pro-

nounced bowing-out of the folistion by kyanite, staurolite,
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and their common associate, elmandite, and by the common
inclusion of aligned grains of graphite end magnetite
(Plates XX, XXI, XXII, XXIV). Recurrent deformation is
indicated by rotated almandite individuals. Some minor
folding, which deformed the 5 foliation, also belongs

in a Post-schistosity phase of deformstion,

Subsequent to the formation of the 515 intense isoclinal

folding occurred (Flates XV, XVI, XIX). As a result,
the rocks have g complex pattern of minor isoclinal
fblds, and it is probable that there are larger, not
readily recognizable isoclinal folds. During this phase
of synkinematic metamorphism an 52 was formed which
generally lies at an angle to the 51,

Following these phases of synkinemetic metamorphism,

but continucus with them, there was a static rhase of
recrystallization. Mesozonal and/or katazonal tempera-
tures persisted. In the biotite-guartz schists, local
kyanite, more widespread steurolite, very generally bio-
tite, and some mmscovite grew across the schistosity
with a random orientation (Plates XIX, XX, XXIII). In.
the hornblende-bearing rocks part of the amphiboles were
recrystellized transverse to the foliation. Exception-
ally, the entire mineral assemblage was recrystallized
with compositional bandingvthe only survivor of the
original schistosity.

Temperatures then decreased, and retrogressive minersls

formed. Actinolite rims formed on some of the hornblende,

i
‘ “,"Hw“ | il




pale green hornblende rims formed on some of the diopside,'

and muscovite, sericite, chlorite, and epldote came into

existence. However, some of the sericite and chlorite

probably belongs to the most recent event--weathering.

The last major event vas tectonic, and large open folds

were superimposed upon the foliated rocks and their

complex tight folds. Most obvious of these folds are

the northwest-plunging oren synclines on Evergreen

Mountain and on Nason Ridg? (Plate B).

Migmatitic and Granitie Rocks

Introduction

The isochemicallyametamorphosed phyllites, schists, and very sub-

pate lime~sili

cate granulites have been described above. However, most of

8 of the Beckler River-Nason Ridge area are granitic in composition.

his paper rock

s are frequently described as either "granitic" or "grani-

These terms are used in the very broad sense that the rocks 80 labeled

& composition
The gran

nce or absenc

ranging from diorite to granodiorite.
itic rocks are divided into two large groups based on the

e of directional elements. Most of the southwestern half of

Bpped area (Plate B) contains rocks of a granitic composition in which

¥ 18 no prefer

red orientation of minerals and Parallel structures are either

Subordinate or absent. Thus, this area contains most of the directionless

tic rocks.
— IOcKs

The seco

nd large group of rocks of dominantly granitic composition

Aracterized by a gneissose structure. On West Cady Ridgé, along the

0 half of the Cescade Crest, and along Nason Ridge (Plate B), a preferred




psition give the rocks a gneiesose structure.
For convenience these gneissose granitic rocks are divided into two

| groups. Most of these gneisses are here termed heterogeneous migmatitic

gses. These rocks are characterized by a wide range in composition and

: T d.e., they are heterogeneous. In these rocks there are all possible
gitions between bands of isochemically metamorphosed schist and concoxdant
8 of granitold rock. This alternastion of more-schistose with more-granitic
re gives the rocks a banded, gneissose structure, even where g preferred

atation of the minerals has been lost through processes of recrystalliza-

These "heterogeneous migmatitic gneisses" are invariably gradationsl

b adjacent schists, and it cannot be doubted that a selective felspathiza-
pof the schists has produced this varied group of gneisses,
The heterogeneous migmatitic gneisses are most abundant in the northe-

and eastern parts of the mapped area (Plate B). They are the major rock

in the ares between Grizzly Pesk (Plate B, E-5) and Cady Pass (Plate B,
) and they form the bulk of Nason Ridge east of Rock Mountain (Plate B,

In addition, these migmatitic gneisses crop out locally within the

Branitic mass in the southwestern half of the mapped area (Plate B).

Subordinate in quantity to the migmatitic gneisses are the granitic

8€s of migmatitic derivation. This group of gneisses generally forms g
ition zone between the migmatitic gneisses and the directionless granitic
Most of these rocks differ but liffle in composition from the direc-
=58 granitic rocks, but a slight compositional bending and a local pre-
1‘:EOI‘ientasz‘cion of minerals give these rocks a gneissose structure. The
€lism of the structures of these gneisses with those of the adjoining

B cneisses and schists, coupled with local included bands of
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pitic gneiss and schist in parallel arrangement, indicate that these

it

fic gneisses have been derived from the schiste and migmatitic gneisses.
The granitic gneisses are the dominant rock type in the Vvicinity of

;;.e (Plate B, C-, D-5) and on Barrier Peak (Plate B, I-7), and they are

lgnt locally in other localities (Plate B). However, these rocks apparent-

Vgngt croup out east of Rock Mountain (Plate B, G-10) or west of Mt. Fernon

s, 5-3).

Heterogeneous Migmatitic Gneisses of Medium and High Grade

sibution and Associations

The migmatitic gneisses are one of the most extensive groups of rocks
‘% Beckler River-Nason Ridge area. PFrom the standpoint of the nmetamorphic
iy of this region, they probably are the most interesting, inasmuch as
h'present the bridge between the isdchemically metamorphosed schigts and
@irectionless granitic rocks.

‘This group 1s characterized by bandedlrocks which are extremely vari-
ik composition and texture. There are z11 Possible transitions between
bOof definitely recognizable, iéochemically metemorphosed schist, and bands
lne- to coarsé-grained (in part "pegmatitic") grenitic gneiss. As breviously
loned, the terms "granitic" and "granitoid" are used in the broad sense of
b=ined rocks of a composition ranging from diorite to granodiorite.

T Though these rocks are exceedingly heterogeneous, two main groups

= I'tcognized. In the outcrop areas between Rock Mountain (Plate B, G-10)

Iest Cady Ridge (Plate B, B-2), the migmatitic gneisses are characterized
‘ &

Wers of leucocratic,'generally fine-grained granitic material intercalsted
PR€ schists, forming a lit-par-lit structure (Plate XXXI). Alternations
£8€ layers generally occur within g distance of two or three inches.

11; there are schistose and gneissose layers several feet thick. Many of
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histose bands have been hornfelsized and felspathized.
ot * 1

In the outcrops along Neson Ridge between Mt. Howard (Plate B, F-11)
e Leavenworth fault (Plete B, G-15), the minersl assemblages of adjacent

pecome very similar, and the banding is delineated more by differences

e and amounts of dark minerals than it is by an slternation of schis-

d granitoid layers. Schistose layers do occur, but they are very sub-

The contacts of the migmatitie gneisses with other rock types are

indistinct. Gradation into other rock types, both along and across
trike, is the rulé. In some places the migmatitic gneisses grade into

lende schists, blotite-quartz schists, or amphibolites; in other rlaces

L]

%:-e into coarser-grained gneisses of a predominently granitic composi-

Plate B). Locally the gradation is rapid, and taekes place within a few

(Plates XXXIII, XXXIV); in other places the gradation is almost imper-

ble, and a distance of several hundred feet is traversed before a recog-

Ly different rock type is reached.
There are two main areas in which the migmatitic gneisses are domi-

- The largest lies east of the Cascade Crest and comprises most of Nason

' With the exception of Rock Mountain (Plate B, G-10) and the southwest

Of Nagon Ridge above Smith Brook (Plate B, G=9). The other ares extends

st from lake Janus (Plate B, E-7) to West Cady Ridge (Flate B). Mig-

* Zones along the western part of Nason Ridge, in the viecinity of Lake

Connect these two mein areas, and future field work probably will

irate that the two areas are linked to form & single broad, northwest-

85t trending belt of migmatitic gneisses.

A narrow belt of these gneisses lies betizeen the south flank of Mt.

(Plate B, J-8) and Silica Mountain (Plate B, D-3), a distance along the

of over 13 miles.




Migmatite zone. Relict foliation breserved in granitoig
rocks by layers differing in content of mafic minerals.

Later Ccross-cutting replacement veins and dikes contain

microcline, Plagioclase, and quartz. Cirque wall, Lake

Valhalls.




Migmatite zone. Relict folds preserved in granitoid rocks
by alternations of darker and lighter bands. Iayer of horn-

Telsized and felspathized schist material (s). Post-granitic
Quartz and feldspar pegmatite (p). North slope, Mt. Fernow.
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PLATE XXXITI, A and B

Migmatite zone. A fine
felspathized garnet-biotite

-8rained, banded, hornfelsized and

-quartz schist is in gradational
contact with a tronjhemitic gneiss. The structure of the
schist is preserved within the gneiss. Photo. D-2-7,-8.
One half mile north of Fortune Ponds.




’ /2 inches (

Contract between biotite-hornblende schist ang quartz-
dioritic gneiss, The structure of the schist has been
breserved within the gneiss. Later f‘ine-grained, aplitic,
replacement 4i h rock types. Photo.

fi
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Subordinate areas of gneiss crop out near Berne (Plate.B, H-10),

g north spur of Mt. Fernow (Plate B, H-8), and south of Leke Valhalla

5 _'B, G"6, G—T)'

The easternmost extension of the migmatitic gneisses in the mapped

;% to the Leavenworth fault (Plate B, G-15).

However, & reconnaissance

g north shore of Lake Wenatchee (Plate B, E, F, -1k, -15) shows that

migmatltic gneisses crop out on the flank of. Dirty Face Peak (Plate B,

Willis (52) has mapped these gneisses in the Entiat Mountains which

st of the graben containing Lake Wematchee and the Swauk (Paleocene)

ents. Waters (49) has found "biotite gneisses"

» apparently of similar

§ition, grading into the coarser-grained granodioritic gneisses on the
|

lers" of the "Chelan batholith".

2TaP

- The most characteristic feature of the migmatitic gneisses is the

This is emphasized by eslternations of dark-colored

» generally
t0se bands, and light-colored granitoid bends (Plate XXXV). The bands

a wide range in thickness. Some are less than

% inch thick; others are

16 feet thick. The average is about 6 inches.

In addition, the propor-
Bf dark-colored bands to light-colored is varisble.

In zones sadjacent

lists, the dark-colored bands sre rrevalent; in other areas, light-

ed bands are dominent,

In either case, the foliation of the schistose

18 parallel to that of the gneissose bands.

Even where leucocratic

tic bands are transitional into coarser-

grained gneisses of granltlc

Bition, the parallellsm of the foliation is msintained.

Details of structure are less distinct in the migmetitic gneisses

Ml the schists.

The coarser textures of the gnelissic layers and of the

?sizad ‘and felspathized

schist layers obscure the more intricate details.
s folds exist, and locally are well

~defined by an alternation of light-
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Banded gneiss, Fine-grained highly felspathie

layers ang medium-grained hornfelsic schist
material, Spec, C-18, one-quarter mile west
of Merritt,

‘W:]r"llilluil!xl-slylu;:]nii;«)




 k-colored bands (Plates XXXII, XXXVII), Moreover, reversals in direc-

f dip suggest that larger folds, not easily recognized, are present
e B, F-11).

A study of the structure shows that there is invariably a concord-
and parsllelism of structure between differing rock types, regardless of -

r migmatitic gneisses are adjacent to schists, or are adjacent to

er-grained granitic gneisses.

The migmatitic gneisses generallyvare fine-grained, and the leuco-

¢ bands heve a granitoid composition.

Locally, where hornblende~-bearing

s or amphibolites are intercalated (Plate B, C-k, F-6, H=10, G-14), the

tic rock is dioritic.

In other areas the composition of the granitic

is that of a trondhjemite (Plate B, E-6). Most commonly, the composition

Bt dioritic.

From Leke Janus (Plate B, F-7) northwest to West Cady Ridge (Plate

he migmatitic gneisses are dominantly alternetions of leucocratic guartz

tiec layers and darker-colored schistose layers.

Feldspar and quartz are

constituents of the lighter bands, with subordinate biotite, horn-

€, or muscovite (rare), in parallel arrangement, defining the foliation.

 quartz dioritic layers grade into the schistose layers. Most of the

ts west of the Cascade Crest (Plate B) are biotite-quartz schists, but

VZ

ate horntlende-bearing schists and amphibolites occur. The distribu-

0T these amphibolites is shown on Plate B. Most of the hornblende-

g schists crop out between Leke Janus (Plate B, F-7) and Pear Lake
® B, D-5).

recognizable schist, with a well-defined foliation marked by a

red orientation of elongate biotite or hornblende.

Other layers are

“*ized, but recrystellization generslly has not destoryed the quartz-

Some of the darker layers in this lit-par-lit structure are A
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y bands and boudin-like‘aggregates 50 typical of the biotite-gquartz

k. s. In many cases hornfelsing has been accompanied by felg

rathization,

thin, feldspar-rich bands oceupy positions along the planes of schistosity :
4 il
e XOXVI). }

|
[
/ithin the migmatite zone west of Merritt (Plate B, G-13), and ’

;ially at the railwsy overpass near the confluence of Whitepine and Nason

|
ks (Flate B., G-12), there exist all possible gradations between hormblende- . l
\

dng schists and fine- to coarse-grained dioritic and quartz dioritic

1l
gses. The schists hsve been partially recrystallized, and they have a w |

|
i ‘
|
felsic appearance. Along the rlanes of relict schistosity, augen end len- I

1l
i
Har aggregates of feldspar occur (Plate XXXVI). These hornfelsized schists | $

e into more gneissic rocks containing skialiths

(Goodspeed, 17) which are ‘ ‘W

relics of incompletely transformed schist.

The relict schistosity of ‘
b skialiths ig generally parallel to that of both the enclosing gneiss ang H
|

-
djacent schist, Thisg skialith-bearing gneiss grades into gneisses free ‘h

et inclusions. It is important to emphasiz

e the parallelism of the H
\

iion in the schists, skialiths, and gneisses.

North and east of Merritt, along Nason Ridge (Plate B), the i gme.-

|
8heisses are much more leucocratic and less distinctly banded than the i

Br-1it migmatitic gneisses of the areas to the west and northwest., This "
' Il

s€Ucocratic gneiss ranges from quartz dioritic to trondhjemitic in come |

\ .

“lon, Though the lit-par-lit arrangement generally is lacking, narrow

fous layers, up to 1 inch thick, remain as relics of the schist bands

, |
XVIIT A). Locally, there are bands of hornfelsized and felspathized “’

Il
WD t0 one foot thick., |

. i ‘\ l
Where the gneiss is coarse-grained, the foliation is defined by ' I

Qifferences in mafic minersl content; i.e., by a compositional bending I
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be XXXVIII B). Plagioclase is the chief constituent, quartz is subordinate,

NHM
N AR
mscovite and biotite mark the foliation. In a few spots of limited aresl i

at, these gneisses grade into almost directionless granitoid rocks (Plate ﬂM

: I
However, even in the semi~-directionless granitic rocks there generally |

thin micaceous layers with attitudes parallel to those of the adja-
, more clearly foliated rocks. d
In the gneisses near the confluence of Nason and Whitepine Creeks (

HHn i
te B, H-11) and near Merritt (FPlate B, G-13), there are fine- to coarse- M

i
ed, in part pegmatitic, relatively structureless granitoid rocks which _

M
P in steep-sided, irregularly-shaped bodies which transect the gneissic “

cture. Generally, the contects between these granitic rocks and the

sses are gradational. The rock generally consists mainly of Plagioclase,

I
|
subordlnate quartz, and a few dark minersls. Locally, there are cross- ‘

il
ng dike-like masses composed meinly of quartz with subordinate "books" of f Il
ovite mica. Relics of schist and gneiss occur within these granitic and
titic zones. Generally these inciusions have a relict schistosity which

\\l\u
A |
rallel to that of adjacent gneissic and schistose rocks. } ‘ |

A microscopic examination of the migmatitic gneisses shows a wide P
 in composition and texture. This is especially marked in the migmatitic || M f‘

18t the contacts of the migmatitic gneisses with the schists. However,

) 3 \‘ |
irom the contact zones, most of the leucocratic granitic material has a H‘ H

|
) [
W uniform composition. This average type of gneiss is generally fine- |

€4, has a well-defined foliation marked by a preferred orieatation of the I

Or hornblende, and is composed of plagioclase, quartz, muscovite, bio-

OF hornblende (rare),

with subordinate quantities of potassium feldspar, Il

“te, almandite, zircon, and apatite. Many specimens contain retrogres- |

- I ‘4
herals such as chlorite, clinozoisite, epidote, muscovite, and sericite. WH[\
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Plagioclase is the most sbundant mineral. T¢ usuelly forms about
if the rock, vith a range from 35% to 55%. The Plagioclase oceurs as
ral, irregularly-shaped, crenulated crystals, with g tendency to be
gated 1n the plane of foliation. The individuals interlock, one with
her and with other minerals,

in en intricate fashion. fhe aversge size

ie plagioclase is about ] mm., though some Porphyroblasts are as much as

o in longest dimension, Twinning after the albite, Carlsbad, and peri.

and locally the twinning ig complicated,

The larger plag

e laws is common,

loclase - Porphyroblasts are filled with inclusions
PArtz, miscovite, and irregular grains of Secondary clinozoisite and epi-
i (Plate XOCXVI). The plagioclase usually is bent, and locally ig ruptured.

The composition of the plagioclase ranges from Anho to An

Where
fite or muscovite are major constituents,

the Plagioclase averages An
€ hornblende ig locally abundant, or whepe biotite hag formed from ho

m—
f€, the plagioclase is more calcic, and averages An o (Plate x0mIT),

* of the Plagioclase individusls have anhedral ZQ!

ing

€, with up to 5 bandg
=& & progression from & more calcic cor

»

Te, averaging shout Anho, 0 a more
ie rinm, averaging about An

30
Quartg commonly forms sbout 30%

il &xceptiona] 60%.

of the rock

ﬂ;:ioclase is common,

East of Mt. Hovarg (Plate 3, F-11) the most common mica is muscovite,

forms up 4o 10% of the rock.

Two generations are recognizable, The

18 clepr in appearsnce, ig elongated in the Plane of foliation, end has
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Banded gneiss. Granitoid bands parallel
the relict foliation of a hornfelsized
and felspathized hornblende-quartz schist.
Spec. B-29a, one-quarter mile west of
Alpine Lookout, Nason Ridge.
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Banded gneiss. Felspathization along planes of
relict foliation in a hornblende-quartz schist.
Later, cross-cutting, fracture-controlled replace-
ment veins contain microcline, plagioclase, and
quartz. Spec. C-15c, south flank of Mt. Howard.
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PIATE XXXVITT

A. Banded gneiss. Mafic minerals mark the relict

foliation. Spec. B-25, one-quarter mile west
of Alpine Lookout, Nason Ridge. \

/.0 inch
—_—

B MEdium—grained, banded
Foliation marked by gl
and darker bands varyi
tent. gpec. B-25, s
of ILake Merritt.

» Quartz dioritic g8neiss.,
ternations of lighter

ng in mafic mineral con-
ummit of Nason Ridge north




{terminations. This earliest muscovite commonly lies in parallel orien-
[

n. and forms a well~marked, though discontinuous foliation. Much of this

vite hes formed from the alteration of biotite. The second generation of

I
Ate occurs in large, irregularly-shaped Plates which lie transverse to

) ation. This later miscovite ig generally turbid in appearance, and
j;.defined margins., Some of the later Muscovite is a marginsl alteration
plagioclase.

] West of Mt. Howard, biotite is the most common mica. Tt is note-
ﬁ that the biotite displafs ﬁhebgame two generations as the muscovite,
lotite génerally forms about 5% of the rock, with g rénge from 4% to an
tlonal 10%. Some of this biotite is obviously derived from hornblende.

{

me zones biotite and mscovite are stable ang contemporaneous constit-

p 8nd form up to 10% of the rock.

w

Thus, the avérage gneiss is composed of plagioclase, quartz, and

L muscovite or biotite or both. This mineral assemblage lacks zonal sig-

BHCe. Theréfore, it is noteworthy that certain gneisses, eéspecially those

%: out west of Mt. Howard, have ﬁinerals which are indices of metamorphic
In particular this is trﬁe of the gneisses west and south of Rock Moun-

‘f Bte B, F-10) which are in a lit-par-lit arrangement with kyanite- and
§ite-beé.ring schists. Here the gneisses have inherited the aluminum

kes, and exceptionally the kyanite and staurolite form up to 10% of the

s Moreover, certain of the gneisses near Top Lake (Plate B, C-6) ang on

% Peak (Plate B, E-6) contain sillimanite (Plates AXXIX, XXXK, XXXXI).
the gneisses are.rather faithful copies of the schists in that there is
Ormity in zone between schist snd adjacent migmatitic gneiss. Where
8chists contain sillimenite, the gneisses also contain sillimanite;

€ 1S true for kyanite and staurolite. Moreover, the Presence of these

Mumi nym Silicates is proof that the gneisses are of a migmatitic origin.,
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Meny of the gneisses show a post-crystalline deformation, and fibro-
'has been produced from squeezed biotite along well-defined shear planes
j lie transverse to the primary foliation. In addition, almandite, a com-

onstituent of many of the intercalated schists, is inherited by the

(rare) form as much as 10% of the

Clinozoisite, epidote, and zoisite

They ocecur as irregular grains in thé plagioclase, and also as indi-
ls and aggregates in the intergranular Spaces. In some cases these

rels are closely associated with biotite, and it is Presumed that they

ed as a resull of biotitization of earlier hornblende. This interpreta-

'1s supported by the occurrence of hornblende in adjacent layers of schist,

by local, rartially biotitized remnants of hornblende within the gneiss.

&'noteworthy that.ﬁornbiende only rarely survives to be g constituent of
gneisses. Plate XXXXIII shows a felspathized amphibolite which occurs in
par-llt arrangement with more leucocratic gneissic bands.
In some specimens the minerals of the epidote group are alteratidn
lucts of rlegioclase, indicating a retrogressive phase of metemorphism.
In the migmatitic contact areas the gneiss is transitional with the
I8ts. Within a few inches the gneiss grades across the strike into biotite-
¥z schists or into hornblende-bearing schists. The schist bands ad jacent
€ gneiss bands generally have undergone a phase of static recrystelliza-
As a result, the schists have acquired a Superimposed hornfelsic texture,
they have partlally lost their schistosity (Plates XXXV, XXXVI). The bio-
r.muscovite, and hornblende of these hornfelsized bands have recrystal-
1 with random orientation. Small Porphyroblasts of Plagioclase, generally
M8r t0 that in the egneiss, form thin bands and augen parallel te the schis-

¥+ As the gneiss is approached, these feldspar bands become wider, and

STPhyroblasts become larger (Plate XXXVI).
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ﬁ-tomicrographs: A
¥ T'eplacement of g
*€ foliation marke
4Spathized bands

» Plane polarized light; B, crossed nicols) lit-par-
banded. staurolite—sillimanite—biotite-quartz schist.
d by bands (top and bottom) of elongate biotite. The
are of quartz dioritic composition. Minerals in center
=% Dplagioclase and quartz (colorless); staurolite (high relief); silli-
flite (fibrous aggregates and tabular crystals).

adoys ,

Spec. D-17b, Grizzly

I

H
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(Photomicrographs, crossed nicols) Felspathized
kyanite-biotite-sillimanite-plagioclase schist.
Elongate sillimanite and compositional banding
(left) mark the schistosity. Plagioclase porphyro=-
blasts (right) enclose sillimanite and groundmass .
Later untwinned plagioclase and quartz partially
replace the felspathized bands. Spec. D-22b, west
side, Grizzly Mt.




(Photomicrographs: A, plane polarigeq
i ite gneiss.

light; B, crosseq

nicols)
Large plagioclase (AN 30-25

) por-

i Partiagll
biotitigeq sillimanite

Y sericitized ang
. 3 D-lSa, South peg,

k, Grizzly Mt,
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PILATE XXXXII A and B

(Photomicrographs: A, plane polarized light; B,

crossed nicols) Felspathized amphibolite. Andesine
almost equals common green hornblende. Quartz very
minor. Foliation weakened by partial static recrystal-
lization of hornblende. Spec. B=15, summit of Nason

Ridge east of Lake Merritt.
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In the average gneiss describegd above, ang also in many of itg

eties, there ig microcline, Almost invariably the

microcline ig con-
d to rather nsrroy Zones transecting the gneisgic structure

> and forms
oblasts which average 2 mmn,

» but €xceptionally are 8 mm, in size.

picrocline ig assoclated with g noticeable Vermiculgr grow

th of quartz ang
ioclase. Sever

el specimens shOW'plagioclase being eaten i

nto ang engul fed
icrocline.

A comparison of adjoining layers of schist

and gneisg shows the two
)t differ redically in texture or minergl Composition, Wheregs quartz isg
lly the dominant constituentlof the schists, Plagioclage assumes that 1

the biotite of the schists b

iBes. Where hornblende was

ole
€ gneisses. Most of

ecomes muscovite in the

a me jor constituent of the Schists, biotite,
Ovite, clinozoisite

> and epidote are presen

t in the adjoining en

cases the totg

eiss. In
al amount of mica ig reduced.

Aside frop these differ

ences,
CHer minersl constituents of the gnei

#d, usually,

Sses and

schists gre identiqal in
in Quantity.

2tion of the migmetitization Process is ob-
d in the lit-par-lit migmatitic gneisses on th

€ southegst flank
Mountain (p1ate B, E-3). 1

& Schistg with i

fOCk. T is a fine- to medium-grained, garnet—bearing, Plagioclage-
yﬂotite-quartz schist. The composition of thig schist ig: Plagioclase--
37%; biotite, forming both gz continuous and gig

continuoyg foliation, 35%;
» 22%; ang accessories. The minerels, other then minor ret

rogressive
=) form g stable ang contemporaneoys essemb],

age, and they indicate that
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rock is an isochemicelly metamorphosed schist formed through the pro-

e of regional orogenic ietamorphism.

This type of band grades into a hornfelsized schist. As the con-
vetween hornfelsized schist and gneissic layer is approached, the schist
;'reasingly felspathized. The biotite has been recrystallized into irre-
@"plates with random orientetion. A microscopic examination shows a
ed increase in the amount of plagioclase as the gneissic layers are ap-
eched. An average composition for the hornfelsized schist bands is:
‘?clase} AnBO’ L5%; biotite, 35%, and quartz, 20%.

Trancitional with the hornfelsized and felspathized schist bands
ggeissic layers. These contain a fine-grained, inequigranular, completely

oblastic mineral assemblage. Thin stringers of biotite and lenticles
ine-grained quartz-plagioclase mosaic occur as relics of the schist.
s gneissic layers show a patchy distribution of minerals. Some areas are
%-fich, while others are plagioclase-rich. However, the gneissic struc-
is absolutely parallel with the compositional banding of the hornfel-
| schist bands and the foliation of the schists.

The composition of fhe gneissic layers in the Evergreen Mountain
iite zone is that of a leucocratic trondhjemite. The minerals are:
,&clase--An27 to An23, 55%; quartz, 35%; muscovite, 6%; and biotite, 4%.
lagioclase forms twins up to 2 mm.in size, and contains numerous inclu-

- of quartz, plagioclase, and muscovite. Miny of the twins are bent and
%;., and many have been replaced marginally, or along minute cross-

0g fractures, by quartz and untwinned plagioclase of albitic compositidn.
Of the larger plagioclase twins also contain bundles of squeezed and

rted biotite. Part of the biotite is altered to muscovite, and part to
,“— te.




This zone on Evergreen Mountain shows a progressive, differential
smetbism of a biotite-quartz schist. Certein layers have been hornfel-
;nd felspathized, and it is noteworthy thet the plagioclasse becomes
éodic as the rock acquires more granitic characteristics. The fibrolite
jgions within the plagioclase twins suggest that a differential shearing
d avenues of spproach for the sodium-bearing solutions. This first in-
ction of sodium apparently was followed by a later sodium and silics
duction. The latter is suggested by\the late albite and quartz replace-
of the large plagioclase twins. The muscovitization of the biotite may
zte a minor potassium introduction.

Plates XXXIX, XXXX, and XXXXI show a similar differential metssoma-

from the vicinity of Grizzly Peak (Plate B, E-6).

jic Interpretation

Structurel fileld evidence and microscopic studies indicete that the
ititic gneisses have been derived from schists through processes of syn-
gtic and postkinematic metasomatism.

In the field, the contacts between schists and gneisses are invari-

gradational. Moreover, the foliation of gneisses and sdjacent schists is

 parallel. This parasllelism exists both where thin, lenticular bands

st are completely enclosed in gneiss, and where smaller relics of
b Occur in the gnelss. Z
A genetic evaluation of the structural and petrographic features of
ignatitic gneisses indicates the following probable sequence of events.
(1) During and after the isochemical metemorphism which formed the
s, there was en introduction of sodium and silica in the areas now oc-
3;by the migmatitic gneisses. This assumption is required'to explain the

i€ of plagioclase as the dominant constituent of the gneisses. At the
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' time, the hornblende of the hornblende-bearing schists was biotitized,

esting the introduction of some potassium in addition to sodium and

ca. At a later stage, biotite was extensively converted to muscovite.
1

The biotitization of hornblende relessed mainly calcium, whereas'the_

éfbrmation of biotite into muscovite set free magnesium and iron. In ad-
on to these mineral transformations, the total smount of mica decreased

g the felspathization. This led to a further release of iron and meg-

gm, as well as some aluminum which was utilized o form metasomatic feld-
It is of interest that kysnite, staurclite, and gillimanite remained as

8 constituents of those migmatitic gneisses having a lit-par-lit struc-

The absence of these aluminum silicates in the more homogeneous and

obviously banded gneisses north and esst of Merri tt may be the result of
fectors: (1) The schists may have been dominantly hornblende-bearing

ties, thus never having had the eluminum silicates; of, (2) the eluminum

2ates were broken down during the more advanced felspathization of this
The genesis of the metasomatic rlagioclase may be outlined as fol-
Aluninun, set free by the breaking up of mica, and, possibly, by the

up of aluminum silicates; quartz, from-the schists; and calcium, set

B8 a result of the biotitization of hornblende: all combined with meta-

iCally introduced sodium to form the plagioclase.

1s plagioclase ranges from oligoclase to andesine. Where horn-

B VWas a mejor constituent of the schists, the relatively large smount of

I relecsed by biotitization msde a more calcie plagioclase whieh approxi-

“‘ho in composition. Where biotite was the dominant mefic in

the schist,

fhblende was either minor or sbsent, a more

sodic plagioclase formed in

‘SSES, approximating An__. in composition. This variation in composition
30 1e

€Orrelated with the composition of adjacent schists.
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(2) The processes described in (1) continued sfter the end of defor-
., High temperatures and sodium introduction evidently continued. Large
mroblasts of plagioclase, with random orientation, developed during this

ic phase of felspathization, both in the gneisgses and the adjacent schists.

wwerse grelins of biotite =nd muscovite grew across the foliation of the

sts, and. to a certain extent a hornfelsic texture was superimposed on the
wosity. Hornfelsing is especially marked where schists are immediately
ent to gneisses (Plate XXXV).

(3) Following the production of the gneisses, widespresd fracturing
ired. A system of cross-cutting fractures was formed elong which dike-

land other more irregular bodies of fine- to coarse-grained granitic rock

j;otUCEd-v Thesé granitic bodies trensect both schists and gneisses.

¥e one contact of these bodies is well-defined, suggesting 2 pre;

ltic cross-cutting fracture =s a marginal control. The other cbntact of
‘bodies is generally irregular in detail and gradationel with the country
In some of these grenitic bodies there are haphazardly oriented inclu-
jOf schist and gneiss. These suggest a fault breccia which has been re-
giby granitizing materials, or an incipient mobllization and local in-

ﬁ by granitic materisls (Plates LII-LIV). In other places, the inclu-
uﬁave attitudes para;lel to those of the surrounding schists or gneisses,
bviously have not been displaced (Plates LVII, LVIII)-' Flow structures
[e] to the long oxes of the granitic bodles are rare, and the parallel

e of the enclosing gneiss or schist generslly can be traced across
ke-1ike bodies as e relict structure. BHowever, some of the coarser-

4, "pegmatitic" dike- and vein-like bodies lie with marked discordence

country rock, and some display dilation effects. It is probaeble that

1ocally beceme mobilized and intrusive.
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The cross-cutting dike-like bodies generally consist of a fine-
ed, "salt and pepper'-like grenitic rock. A microscopic examination
{ thet this granitic material generslly grades into the country rock at

 both contacts. The average size of the minerel. constituents is 0.2 to

locelly there are pegmetitic varieties which have crystals up to

(s

Plagioclase, ranging from An35 to An25 is the main constituent, and

ges 60% of the rock. Most of the piagioclase erystels commonly approxi-
b 35 in composition. The smallest (generally less than 0.2 mm. ) and ap-
tly latest crystals are more sodic and average An25. Moreover, some of
largest individuals (up to 20 mm. long) are relatively sodic and also ap-
imate Angs. In all cases the plagioclese is enhedral, and shows the irre-
P margins characteristic of crystalloblastic growth. The smaller, more

} plagioclase grains grow at the expense of the larger and more calcic

ﬁ lase, as well as of the quartz and biotite.

Quertz averages 25% of these granitic rocks, and forms anhedra rang-
in size from large irreguler crystalloblasts, up to 8 mm. long, to small
led grains which occupy the intergranular spaces.
| Biotite is the only imporfant mafic constituent, and forms sbout 10%
e rock. The biotite is haphazardly oriented in irregular plates that
68 ragged and fuzzy mergins. The size of the biotite rasnges from 0.1 to
M., wvith a very few individuals forming "book-like" aggfegates up to
1. long. These are restricted to the guartz- or plagioclase-rich "pegma-
?‘bodies. |

Thus, the granitic rock of these cross-cuttling bodies approximates
Blposition of a guartz diorite.

An examingtion of these dike-like bodies suggests tﬁat the majority
formeqd by replacement in situ. Locelly, however, there are flow struc-

developed parallel to the dike walls, or there are sharp and discordant




;:s and dilation effects, and the dike is then interpreted as being a

ized migmatite which locally has become intrusive.

Locally, there are porphyroblasts of microcline which invade and

¥ plagioclase and gquaertz. These microcline porphyroblasts are restricted

rrow, often microscopic, vein-like elongate zones which trensect the

%isting granitic rock and the adjacent gneisses and schists. Invariably

microcline is associoted with a vermicular growth of later quartz snd un-

gd plagioclase. The microcline suggests a potassium introduction along

g fractures during a postkinemstic phase of recrystallization.

(L) The last event was the formetion of epidote znd sericite from

loclase, and of chlorite from biotite. Apparently these low-temperature

sals formed during a phase of retrogression at the end of metamorphism,

|

temperatures were falling. However, part of the sericite and chlorite is

esult of recent weathering.

Grenitic Cneisses of Migmatitic Derivetion

ibution and Associstions

Coarser-grained gneisses of granitic* composition are subordinate
extent to the migmatitic gneisses. They form narrow bands or zones

B0 migmatitic gneisses and schists, and directionless granitic rocks.

* Southern part of the mapped area on Barrier Peak (Plate B, I-7), and

f northern part of the mapped area around Pear Leke (Plate B, C-5), these

bic gneisses are the dominant rock type. Other narrow zones occur wherever

18 a transition from schist or migmstitic gneiss into directionless gra-

Tock., Some specific locelities where the grenltic gneisses crop out are:

@? 1s again used in the broad sense of any grained rock ranging in
tblon from diorite to granodiorite.
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Cady Ridge (Plate B, B-3, -4); on the south spur of Fortune Mountain

te B, G—S; -6); and in en elongate zone between Meadow Creek (Plate B,

\ and Borrier Peak (Plate B, I-7).

| The parallel structure of the granitic gneisses and their inter-
ited beds of schist end migmatitic gneiss invariably parallels that of the
cent, more sharply-foliated rocks. Moreover, the granitic gneisses are
letely gradational with all adjacent rock types. Thus, these rocks form
trensition zones between the directionless granitic rocks and the more
lously metamorphic foliated rocks.

The granitic gneisses grade both along and across the strike into
ietitic gﬁeisses and schists. One of the most important facts brought out
 study of this gradation is that of the absclute correlation between the
rel assemblages of the gneisses and the assemblages in the migmatitic
gses and schists. This is especially marked by the ferro-megnesian
fai content of the contrasted rocks. Where biqtite-quartz schists grade
g the strike into migmatitic gneisses and then into granitic gneisses,
dte carries through as a principal constituent. Where hornblende-bearing
sts or amphibolites grade along the strike into gneisses, hormblended, or
itized hornblende, carries through as a major constituent. This zbsolute
ﬁ;tion holds true also where diopside—bearing granulites and actinolite-
lng schists grade into the gneisses. This coincidence of minersl compo=
O, coupled with the parallelism of structures, étrongly‘suggests thaet

renitic gneisses are dériwﬂﬁNESOf the schists.

Dgraphy
The grenitic gneisses vary in texture and composition. Most are

-grained, with the major constituents averaging 3 mm. in size. A few
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ne-greined, and the individuals rarely exceed 1 mm. in size. At Pear
‘Plate B, C-5), the gneisses are coarse-grained, with some individuals
15 mu. long (Plate XXXXIIT A).

In some of the gneisses the foliation is closely-spsced and well-
g by elongate minerals (Plate XXUX{III A). In other cases the foliation
s distinct (Pletes XXV, XXOXIX B, L B). ZLocally, the rock becomes
t directionless, and thin relict stringers or lentieles of schistose
ial, or thin bands rich in biotite or hornblende, mark the foliation
B L A, LVII, LVITI).

The composition of the granitic gneisses is variable, but generally
ne specimen can be correlated with one of three groups of granitic rocks.
the gneisses are alaskitic; some are trondhjemitic; most are quartz

tic in composition. However, there are all possible gradations between
:three groups. Thus, there sctuelly is no one typical grenitic gneiss.
ethod of differentiating the gneisses is based on the biotite, hornblende,
pside content.

All of the grenitic gneissés in this area have biotite as a major
tuent. In most, biotite is the onlj ferro-magnesian mineral of impor-
. However, some of the gneisses have hornblende or actinolite (rare) as
portant associate of the biotite. In e very few specimens diopside is an
late of biotite.

A microscopic examination of the grenitic gneisses shows that plagio-
'is the principal constituent, and forms from 50% to 65% of the rock.

there are three generations of plagioclase. The first generation
:resenied by minute, rounded, untwinneé grains which, in shape and compo-
; are re@iniscent of similar individuels within the adjacent schists.

Smell anhedra rarely exceed 0.25 mm. in size, and they generelly occur

lusions within larger plagiocelase snd quartz crystalloblasts.

li
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PLATE XXXXIIT A and B

~—

[

Quartz-dioritic gneiss with inclusions of hornfelsized,

| "partly felspathized hornblende (in some zones, actinolite)-

‘:biotite-quartz schist, with later fine-grained alaskitic
replacement dikes. Photo. D-1-10,-11; west wall of

Pear Iake cirque.




Migmatite zone showing contact between a medium-grained,
biotite-rich trondjhemite and a hornfelsized, partially
felspathized, banded sillimanite-biotite-quartz schist.
Felty aggregates of muscovite and sericite are pseudo-
morphous after andalusite. Photo D-3-3, E. flank,
Deobrah Peak.
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Knots and individual crystals of muscovite pseudomorphous | ‘
after andalusite occur as inclusions within a weakly genissose ‘ H\ It
trondhjemite. Photo. D-3-1, E. flank, Deborah Peak. I




L The second generstion of Plagioclase consists of large crystallo-
|
sts which average 3 mm

- in length, and are, exceptionally, 6 mm. long.

ge have a tendency to be elongated Parallel to the foliation. These indi-

jals have crenulated borders a

nd interlock, one with another and .with other

irals, in an intricate fashion. They contain numerous inclusions of one
) '

more of the following minersls:

small plagioclase grains, a few of which

twinned; quartz; blotite; and muscovite (Plate XXXXVi).

4

Twinning after the albite,

Cerlsbad, snd pericline laws is common,

| 7 -
much of the twinning is complicated. Many of the rlagioclase porphyro--

§ts are zoned. This zoning is
I

anhedral, and there is very little correla-

@ between the zonal boundaries snd the margins of the crystels. Most'of>‘

Zoning is progressive,

the cores generally being more calcic, and the

6 more sodic in composition.

The composition of these larger porphyroblasts r

anges from Anué to

2+ This compositional range is a function of two factors. First, there

.‘range in the zoned plagioclase, from & more celcic core generslly aver ‘
]

ag-
‘Anho to a2 rim exceptionslly as sodic as An_

3. Second, the average compo-

$0n of the plagioclase is determined by the totsl composition of the rock

% is reflected in the type or types of ferro-megnesien minerals bresent.

hver, the type‘of.mafic minerszls are directly correlative to the types of

I¢ minerels occur

= |
ring in the adjscent migmatitic gneisses and schists., - - |

'€ hornblende, diopside, or actinclite is a major constituent, the average

Wsition of the plagioclase ranges between An

gnd An_ . Where these -
L& 35

rals are

absent, and biotite or muscovite are principal constituents, the

p98€ composition renges from An 5 to An

3 25 =

Many of the porphyroblasts of.thi second generation of plagioclase

Pent or ruptured (Plate XXXXVI); others are traversed by minute fractures

0 e




v(Photomicrograph, crossed nicols) Oligoclase
porphyroblast (upper leéft) containing inclusions

of quartz, biotite, and miscovite. Deformed plagio-
clase (lower right). Quartz dioritic gneiss.

Spec. B-2k, Lake Merritt. :
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PLATE XXXXVIT

(Photomicrograph, crossed nicols) Typically : il
granoblastic metasomatic trondjhemitic gneiss. w
The synkinemstic phase is. marked by bands (top :
and bottom) of elongate biotite. Static Fels- 2l “
pathization has occurred with plagioclase an- |
hedra growing between the schistose bands. A
Spec. D=37a, N. Peak, Grizzly Mt.
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PIATE XXXXVIIT

_(Photomicrograph, crossed nicols) Diopside~biotite-
quartz dioritic gneiss. Diopside (bottom) is partly
replaced by biotite. Ruptured Plagioclases are mar-
ginally replaced by later quarta. This is a typical
granoblastic granitized rock. Spec. E-24, near Junc-
tion of Meadow Creek and Rapid River.
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these fractures and invading the margins of the plagioclase are snhe-
f the third generation of plagioclase.

The individuals of this third generation generslly are untwinned.
wins after the albite, Carlsbad, and pericline laws locally oeccur.

iless of which mafic constituents are present, this last generation of

loclase is quite sodic, and renges in composition from An_, to An__.
(=

8 23
ver, it generclly occurs in a vermicular intergrowth with a third geners-

iof quertz.

Quartz is a major comstituent of the granitic gneisses, and averages

' 25% of the rock. In the rare alaskitic gneisses, the quertz forms up
of the rock. In certasin of the hornblende-bilotite quartz dioritic
8es, in which biotite forms about 15% and hornblende =lmost 10% of the

the quartz averages about 17%.

There ore three generations of quartz,which, appearently, are con-
reneous with those of the piagioclase. With thé exception of the first
tion of rounded, minute grains, the quartz is porphyroblastic and grows
and sround the earlier constituents.

Biotite is always present. .In some of the gneisses it is the only

ent ferro-magnesisn minersl. The smount of biotite ranges from a low

tin the alaskitic gneisses to a high of 15% in those quartz dioritic

€8s which contain diopside or hornblende. The average amount is ebout

Part of the biotite can be seen to have formed from hornblende, and is

tated with it in a persllel intergrowth.

Two generations of biotite are recognizable. 'The first generation
g

ts of elongate plates wifh regged terminations. These plates occur in

Perallel errangement and form a well-defined but discontinuous folia-

Locally, the biotite occurs in polygonal ares which apperently are
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#s of a schist. Most of the biotite is concentrsted in narrow stringers
eh are widely speced, the interspaces generally containing almost direct

5;éss granitic material. Pleochroic haloes about zircon nuclei zre com-

, end many of the smaller elongate biotite individuals are inclusions in

;g-plagioclase and quartz crystalloblasts. Some of the biotite has been
eezed and minutely folded, snd some has been converted toc fibrelite.

The seéond generation of biotite forms irregular plates with no
reciable elongation. Some of these individuals lie parallel to the folia-
n; most have a random orientation. Fuzzy margins are common. This later
tite generally is darker reddish-brown than the first generation. Retro-
gsion and/or weathering has caused penninite to form from some of the bio-

Hornblende or, actinolite (rare), is a common constituent of the
rtz dioritic gneisses, but neither is presént in the tronhjemitic or alas-

¢ varieties. Hormblende and biotite, in parallel intergrowth, are common

dciates, and much of the biotite has formed from the hornblende. Most of

hornblende, though bent, is in a subparallel arrangement, and aids in
ining the foliation. The hornblende has very pale colors, and apparently
rich in the actinolite molecule. .

Diopside occurs in a few of the gneisses which crop out near Pear
Q(Piate.B, C-5), and locally it forms up to 5% of the rock. The diopside
~Es in irregular masses which are marginally altered to biotite (Platé
o II). It is noteworthy that these diopsidic quartz dioritic gneisses,

1 traced along the strike, are transitional with the diopside-bearing
“Silicate granulites of West Cady Ridge (Plate B, B-4).
Isolated clumps of what megascopically appear to be andalusite cry-" -

S are locally encountered in the vicinity of Deborah Peak (Plate B, E~7).
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PILATE XXXXIX

Leucocratic, medium-grained quartz diorite.

Patchy arrangement of mafic minerals. Spec.
C-5, near confluence of Mill and Nason Creeks.

‘l‘;"'}'lsl!\'l:‘v‘f'\lfv‘ l

B. Cneissose quartz diorite. Relict foliation marked
by darker and lighter bands varying in mefic content.
Spec. B-2, Lake Valhalla.
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' i ) A. Quartz diorite. Variation between a directionless
il : : rock and one with relict foliation marked by layers
' of mafic minerals. Spec. A-29, east ridge’ of

i Barrier Peak. I o
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B. Quartz-dioritic gneiss. Relict foliation marked _
R ‘ ’ by subparallel orientation of biotite and horn- s \
‘ | ‘ blende. Spec. A-22, summit of Barrier Peak. . |
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scopic examination discloses that they are felty masses of muscovite

jcite, and no vestige of the original mineral remsins (Plates XXXTIV,

Thus, the granitic gneisses typically contain plagioclese, quartz,
Jite, with hornblende or diopside as locally important constituents.
;@.rtant to reiterate the fact that those gneisses which contain bio-
Ekhe sole important ferro-magnesian mineral can be traced into biotite-

gchists, while those which contain hornblende or diopside can be traced

chemically metamorphosed hornblende- and diopside-bearing rocks.

There are various accessory minerals. Chlorite, generslly penninite,
frogressive mineral which has formed in parsllel intergrowth with bio=-
fuscovite has formed -from biotite in some specimens, and locally it
ily is pseudomorphous after andalusite. Zircon occurs as the nuclei of

1
Jic haloes, as does orthite. Magnetite forms irregular grains and aggre-

md is especially prevalent where hornblende has been biotitized. Apa-

s small grains and is quite common in the biotitic end hornblendic

fpidote and clinozoisite, as well as sericite, have formed from plagio-

. A genetic interpretation of these granitic gneisses is included with
the directionless granitic rocks.

Directionlees Granitic Rocks
| &

don and Associations

Directionless granitic rocks form the most abundant group in the
Hver-Nason Ridge ares. These varied rocks underlie about one-half of
ﬁrarea, and they are the dominant rock type in the ares which is
g the Tye River on the south, the Beckler River on the west, the Rapid

the Horth, and the Cascade Crest on the east. The distribution of

bl
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sge TOCLS is shown on Plate B, but they probebly extend far beyond the con-
i

es of the mapped area. When looking south from the higher peaks west of
vens rass (Plate VII), it -appears that these granitic rocks are continuous
]

th the granodiorites of the Mt. Stusrt area (41).

The term granitic is applied to these rocks, though they vary
eatly in texture and composition. In this paper, "granitic rocks",

vanitic', and "granitoid" are used in the brosd sense of sny grained rocks

rying in composition from diorite to granite. However, there are no rocks

gical sssemblage ih this area, and diorites general -

o true granite mineralo

L are restricted to the migmatite areas previously discussed. The granitic

cks of this area commonly are guartz diorites, with subordinate trondhje-

tes, granodiorites, and alaskites.

The term directionless is applied to these granitic rocks as & mat=

+ of convenience. It serves to differentiate them from the bordering rocks

which foliation is discernible.

1tacts

The contacts of the granitic rocks with other rock types are of

T types.

Type I: Most commonly the granitic rocks are completely gradational

h grenitic gneisses (FPlate B). All gradstions exist between relatively

form, mostly directionless granitic rocks end partly directionsl, partly

8ctionless granitic gneisses. These gnelsses form narrow zones, up to

0 feet wide, which are in turn gradational with migmatitic gneisses and

i8ts. The relotionship of the granitic gneisses to more clearly foliated
\
8 has been discussed previously.

Type II: A second type of contasct is restricted to the ridge im-

Here the

tely south of the main summit of Mt. Fernow (Plate B, I-7)-
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itic rocks are in a moderately to absolutely sharp contact with hornfel-

4 schists (Plate 1X). The contact transects the structure of the schists.
mmrginal several hundred yards of the granitic body sre filled with in-

sions of schist in varying stages of trénsformation. Proceeding from the

in granitic body toward the discordant contact with the schists, the inclu-

s, which in the main granitic body form amounts of less than two per cent,

sme more asnd more asbundant. These incluslons vary considerably in texture

| degree of transformation into more graﬁitic rocks. Some of them are com-

ed of schist which is unaltered except for a superimposed hornfelsic tex-

Others are mere shadowy relics or skialiths (Goodspeed, 17) which dif-

€.

‘only slightly in texture and composition from the enclosing granitic rocks.

most cases the contact between the inclusions and the enclosing granitic

k is gradationsl. Where the contact is sharp there is generelly a 0.5 to

) mn. wide selvage of biotite around the inclusion.

Type III: A third type of contact generally is restricted to the

{ of the migmatitic gneisses lying east of the Cascade Crest, and the gra-

rocks associated with these migmatites heve been discussed previously.

these localities, grahitic rocks transect schists or migmetitic gneisses:

dike-like and more irregular bodies up to 50 feet wide. In these bodies

Te are numerous irregularly-shaped, haphazardly-oriented fragments of

18t wvhich appeer to indicate that brecciation of the schists facillitated

emplscement of the granitic msterials. The schist inclusions range from

lants of hornfelsized and felspathized schist to skialiths (Plates LI-LVI),

!_ accessible exemples of this third type of contact occur in the road

8 along U. S. Highwey 2, both above and below the confluence of Mill and

I Creeks (Plate B, H-9). However, these locaelities, interpreted as re-

Sent brecciss, are not restricted to smell granitic bodies surrounded




. Metasomatic quartz-bearing biotite diorite with plagioclase-
rich inclusions of hornfelsized biotite-hornblende schist.
The mineral composition of both granitic rock and inclusions
is practically identical; the inclusions differ mainly by
being less coarsely crystallized. This outcrop demonstrates
incomplete granitization in a replacement breccia. Photo
D-1-7, ridge west of Glasses ILake.




PIATE LII

i
‘whwm‘

[Pt

m‘ I

I
A
Bl 11 |
‘UM‘
1
i

Replacement breccia displaying plagioclase por?hyroblasts
growing within hornfelsized schist. Beneath the tape is a
gquartz lenticle bordering a boudin-like relict of the origi-

nal schist. Quartz diorite. Photo. D-3-2, E. flank, Deborah
Peak.

|
|
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Replacement breccia. Medium-grained quartz diorite con-
taining hornfelsized, biotitized, and felspathized inclu-~
sions which are relicts of a quartz-biotite~hornblende
schist. Photo. D-1-6, meadow south of Camp At Iast.
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Replacement breccis showing inclusions and skialiths within
a granitic rock with varies from a medium-grained quartz-
diorite to a coarse-grained biotite-rich trondjhemite. The
inclusions, differentially hornfelsized and felspathized,
vary from banded sillimanite-biotite-quartz schist to quartz-
plagioclase granulites. Photo D-3-4, east flank, Deborah
Peak.

/




Migmatite. Quartz diorite with bands, inclusions,
gnd skialiths indicative of an incomplete felspathi-
zation of a biotite-hornblende schist. Photo. D-1-4,
ridge east of Stuart Basin.




Dark inclusion to the left
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of the biotite-quartz schist is a segregation of mafic

PLATE IVI
Inclusions of schist material vary

Iower Mill Creek.

in degree of transformation from hornfelsized biotite-

quartz schist to skialiths.

. Replacement breccia.
minerals.
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P schist and gneiss. There are similar migmatite zones deep within the gra-

itic terrain.

In the Type II-and Type III migmatitic contacts Just described,

here exlst all gradations between, and all proportions of grenitic and gneis-

le or schistose materisls. Therefore, it is impracticable to single out one

ecimen asvbeing typicel. However, regardless of the position within the

igmnatite zones, the rocks share certsin characteristics:

(1) The contacts between the relatively coarse-greined, leucocratic

gnitic rocks and the more fine-grained, often darker, migmatitic gneisses

d schists, are usuelly gradational. This applies, regardless of whether the

hist or gnéiss is a small, blocky, or rounded inclusion surrounded by granitic

tks, & layer intercalated in the graﬁitic material, or whether the schist or

€iss is spatially continuous with its Pparent body.
(2) Though the schist material in the border zones megascopically re-

fibles the rocks found in the more uniform parent body, it generally displays

superimposed hornfelsic microtexture. This is especially true in schist in-

8ions which are -surrounded by granitic materisl. Relict schistosity and oc-

ilonal polygonal arcs generally have been preserved in the schist materials.

€Ver, most of the mafic minersls have recrystallized into irregularly-

ped and baphazardly-oriented'grains, some of which enclose thin bands of

Paite marking the original schistosity. 1In many cases the schistosity has

L destroyed , especially in the more strongly transformed inclusions of

ith-type .

(3) With the hornfelsic texture there alwsys is associated g growth

7
i)

Plagioclase grains which are usually of a more sodic composition than

f‘ €er plagioclase crystals of the ad jacent granitic rock. Moreover, the

8t of quartz has increased, and this increment is particularly conspicuous
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ve the schist rock was a guartz—poor hornblende schist or amphibolite.

ing this plagioclase and quértz growth, elongate biotite and hornblende

kes wvere not only included along the twinging planes of plagioclase, but

e inveded by plagioclase end, locally, quartz.

The superimposed hornfelsic teXturé; and the increase in plagioclase
d quartz content of the schist materials within the migmatite zones, grad-
1y disappear with increasing distance from the contact between migmatite
'schist. On Mt. Fernow (Plate B, I-8), a few hundred feet north of the

itact, the schists have a well-marked preferred orientation of their mafic

gtituents.

(4) The granitic rocks of the border zones vary in composition and
ture. The specific variety of granitic rock produced is definitely corre-
ive with the variety of schist inveded, as well as with the degree of fls-
fhization and transformation of the schist materiasl. Where biotite-quartz

ists have been transformed into granitic rock, as on Mt. Fernow, a leuco-

tic quartz dioritic rock hes resulted. Where g hornblende-rich rock was

4ded, a dark dioritic rock has been formed. This latter variety is most

Bn along Nason Creek (Plate B) where schists rich in hornblende have been

,itfated by granitic materials.

(5) One fact concerning these migmatitic zones must be emphesized.

L Very few exceptions there is no evidence of forcible igtrusion of the

I8ts or gneisses by granitic materials. Only exceptionally is there any
€nce for intrusive flow structure, regardless of whether granitic material
ftercalated in the schists, or transects the schists in vein- and dike-

irregular masses. Moreover, dilation effects are lacking. A static in-

0 of most of the schists by granitic materials is indicated by the many

Mtinuous but aligned layers of schist material lying within the grenitic
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5, end the very common folded relict structures within the gresnitized rock

oh are marked by alternations of lighter and darker bands (i.e., "nebulite",

a

;gswgﬂmhﬂ.
Schist blocks with random orienfatiqn are common, but the zones con-

ping these rotated blocks are interpreted as being replacement breccias,
|
the rotation of their schist blocks is attributed to pre-granitic tectonic

ceiation. This interpretation of replacement breccias formed by incomplete

jic grenitizetion of previously brecciated schists is strongly suggested by

following features:

a. There is no evidence of intrusive flow structures;

b. All textures in schist msterials and grenitic rocks are cry-

stalloblastic;
c. These migmatite zones contain many large, shadowy blocks with
hornfelsized schist centers which show a complete gradation

between relatively coarse-grained granitic rock and much

finer-grained hornfelsized schist;

d. Stringers of mafic materials extend from pertially trans-

formed schist blocks into the granitic rocks. Locally these

stringers extend completely across the dike-like and more

irregular granitic bodies. This fact alone denies the

possibility of forcible intrusion of the granitic materials.
Type IV: The fourth type of contact occurs on the southwest spur of
ler Peak (Plate B, I- and J-2), and on the east side of the Beckler River

b two miles south of its confluence with the Rapid River (Plate B, G-2).
lese two loczlities the granitic rocks lie in sherp and discordent contact

Phyllites and subordinete schists.
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The best éxposed example of this fourth type of contact occurs
» the 2500 feet levél on Beckler Peak; ﬁere logging roed cuts display
or 500 feet of nearly continuous exposures of this contact zone.

At this locality the main grenitic body lies to the east, with
; ﬁhyllites to the west (Plate B). The latter rock is a quartz-chlorite-
‘¥cite phyllite with late biotite. This phyllite is much contorted and
pelinally folded. TIts average strike is:N. 15° W., with a dip averaging
* to the east. The phyllite is transected by vertical to steeply north
il east dipping joints and faults. As a result, the phyllite is deeply
;hered and fresh specimens are difficult to obtain.

Between fhe main mass of phyllites and the main grsnitic body is a
je ebout 300 feet wide. Here there is an altérnation of near vertical
ices of phyllite, commonly from 5 to 10 feet in width, separated by dike=-
L bodies of éranitic rock of similer width. Exceptionally the phyllite
| granitic bodies are as much as 30 feet wide. In every case the contact
ween phyllite and granite is a fault, and both rock types are marginally
ﬁ?ed, slickensided, and brecciated. dg the west edge of this 300 feet

| E 2
8 zone, there apparently is a major fault. Here there is a 5 feet wide

2 of gouge and breccis which sepsrates sheared phyllite on the west from

ired granitic rock on the east. This fault strikes about N. 15° W., and
b8 70° dip to the east.

It must be emphasized that though locally the granite and phyllite
Concordant, insofar as faulting permits of such an observation, by and
€ the gfanite and phyllite are in a relationship of angular discordance.

Intercalated in the phyllite, or cutting across the phyllite, are
flike o vein-like bodies of granitic rock up to 1 foot wide. These

B8se in width away from the sdjacent granitic body, and generally are no
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S than 5 or 10 feet long. A direct connection of these granitic veins and

s with the wider dike-like granitic bodies is never visible because of | l
ration along the faulted.phyllite-granite contacts. However, a micro- |
pic examination shows that the composition of these bodies is similar to ‘
) of the larger granitic bodies, and thst they differ only by having = P

r grain size.

A microscopic examination of the foliated rocks in contact with the ‘

ites shows that most are phyllites. This rock consists of sbout 65% quartz

sh forms not only a fine-grained mosaic in the ground mass but occurs as

ro-boudins” in the axial regions of the minute isoclinal and subisoclinel I

Some quartz fills wedge-sheped areas which lie at an angle to the Ei

the phyllite. . ‘
Graphite forms up to 10% of the rock, and is concentrated in thin

ling planes which delineate the schistosity. The graphite also occurs in

ute fault zones and in an §2 which has been superimposed across the il of

e yllite. The 5, spparently is an axial plane cleavage associated with

folding.

Chlorite and sericite, in minute elongate flakes, form up to 10% of

rock, and oceur not only in the intergranular spaces of the quartz mosaic_

hd mass, but also as inclusions in the quartz wedges and along the graphite- |

bited gliding planes.

. Biotite, forming up to 10% of the rock, is late, and is in part ‘

tic after the S5e This mimetic growth, marked by inclusions within the

ite of the graphite-marked 52 planes, is conﬁrolled mainly by the s and \
) ‘

1
ight tendency to have a preferred orientation.

|
locally by the 8,. Most of the biotite is not elongate, and it has only M




feet thick

3
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Intereslated in the dominant phyllite are bands up fo
In this schist there is a later set
In this

of the schist.

a fine-grained biotite~quartz schist.
s, and s _
<
forced into an alignment parsllel

shear planes which transects both the
aring process much of the biotite was
this latest system of shears, and .most of the bilotite was squeezed and

tly converted to fibrolite.

The change from phyllite to schist is very rapid, locally teking
Occasionally there is a

jee within 1 inch, measured in "c¢" (Sander, 40).
‘@ ete gradation between schist and phyllite, but still within the space of

ss than 1 foot. -Commonly a8 gliding plane of graphite with subordinate

orite and biotite separates the two rock types.

uctures and Incluslons

The granitic rocks of this area apparently have been considered as
This is true to the extent

tureless and homogeneous by Smith (43, 45).
most of them lack any preferred orientation of their mineral components

iever, though here termed directionless, the granitic rocks are neither

pgeneous nor structureless.
Relict foliation is not only common in the border zones of the gra-
Generally this relict

ic rocks, but occurs within the main granitic mass.
Ucture is not associated with any preferred orientation of the minerals,

i 1s compositional, being caused by varying proportions of light and dark
Most of this relict folistion

€rsls in alternating bands and lenticles.
Urs in bodies of limited areal extent, and commonly these are near out-
In all such cases the attitudes of the relict

PS of grenitic gneiss.

ation are parallel to those of the more clearly foliated rocks.
In addition to the relict foliation, dark inclusions in verying
Nowhere is there a mass of granitic

88 of transformation are conmmon.
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gk more than a few feet across that lacks these inclusions. The materiels
g-ng most of the inclusions range from slightly hornfelsized schists to

%owy remnants or skialiths. Locally, there are lenticles of quartz, up to
;ches in length, which are identical in shape and composition to the elon-
§e quartz bodies which are common in the biotite-quartz schists (Plate LII).
eover, these quartz inclusions contain elongate biotite in parallel orien-
ion. Another common type of inclusion consists of lenticular aggregates
gttentuated stringers of biotite. Thesge range in length from several inches
8 score of feet (Plate LVIT).

Most of the various types of elongate inclusions occur in small
oups, the members of which are in a striking parallel arrangement (Plate
ﬁI). It is noteworthy that the orientation of these aligned inclusions is
harmony with the sttitudes of the schists and gneisses in the border zénes.
% istrue even where the inclusions are as much as seversl miles distant
ﬁsthe contact éf the granitic roecks with the foliated rocks.

Locally the inclusions are not elongate in shape, and they have a
1dom orientation with indications of rotation. These zones are interpreted
schist or éneisslareas which were brecciated and subsequently invaded by
nitic materials (Plates LI-LVI), but the possibility also exists.that in
f of thése zones some later movement may have occurred.

The ﬁany inclusions of schist within the granitic rocks vary in tex-
€ and degree of transférmation. Some of them are composed of schist
eh is unaltered except for a superimposed hornfelsic texture (Plate 1Z).
= Cormonly the inclusions are felspathized and hornfelsized and differ

from the granitic rock in having a higher content of dark minerels
Ate LIX). Other inclusions are mere shadowy relics or skialiths which dif-
only slightly in compos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>