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THE PETROGRAPHY OF CORBAILEY CANYON

THTRODUCTION

During the summer of 1925, while in the service of
r. R. E. Puller, the writer hsd an cpportunity for = rathey
brief examinstion of the geology of Corbaley Canyon. Ir.
Fuller was primarily interested in the Columbie river basalt
but certain features of the pre-basaltic formaticns in the
area were e unusual that nearly an entire day was spent in
their examination. The interest egroused by this cursory
éxamination resulted in the writer's return to the district
the following winter. This report is the outcome both of
the field work doue at that time and of the subsequent pet-
rogrephic work done in the University of Washington labora-
tories on the materisl collected.

Coerbaley Canyon is s small tributery valley on the esst
slde of the Columbia river in Douglas county, Washington.
This canyon furnishes = convenient ascent for the Sunset
Highway from Wenatchee to Waterville, The distriet in which
it lies has heen topographically mapped by the United States
Geological Survey as the Chelan Quadrangle. Locally Corbaley
Canyon is called Ppine Canyon, the name Corbaley Ceanyon being
restricted only to the main tributary that enters the canyon
from the south. It is thought better to use the names adopted

dat o

by the United states Geclogical survey im this report and STo
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if not otherwise stated, the name'Corbaley Canyon will be
used to designate the main canyon, as is done on the Chelsn
Quadrangle topographic sheet. |

The scope of the present paper is restricted aslmost
entirely to that portion of Corbaley Canyon from three-
fourths mile below the intersection of the southern tribu-
tary with Corbaley Canyon to where the 2200 foot contour
line crosses the latter about three and one-half miles west
of the town of Waterville. The present thesis represents
merely detailed work in a very small area on formstions
which extend far up and down the Columbis River on both
sides and is in no sense to be interpreted as anything more
than merely indicative of the general character of the formsa-
tions as a whole.

Nothing has as yet been published concerning the petro-
graphy of this region. Even the areal geology of the dis-
trict along the Columbia and of the mountains to the west is
comparatively unknown. The nesrest areas geclogically mapped

are the Mt. Stuart Folio to the south (1) end a portion of

o~

(1) Smith, George Otis. The lount Stuart Folio. U.S.C.S.
Folio No.1l06, 1903.

the Okanogan Highlends contained in the Colville Indian Res-

ervation to the north. (2). Geologists have, from time to

- (2) Pardee, I. T.: Geology snd Mineral Deposits of the Col-
ville Indien Reservation, Wash. U.S5.G.S. Bull. 677,1918.

Time visited Lake Chelan, to the northwest of this ares and

the Grand Coulee to the northeast and comments on the general
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geology noted on these trips appesar in various articles.

The glacial geology has also received very little at-

tention, though more then the areal geology. In this regard

the writer wante to call ecpecisl att L

N

cle
cublished in the American Geologist by William L. Dawson,

in 1898 (1).

(1) Dawson, Williem 5. Glscial Phenomena in Okanogean County,
Wash. Amer. Geol. Vol. 22, pp. 2035-217. 1898,

In contrast Lto the meagre informaetion concerning the
[ <

b

areal geology, the physiographic history and the Tertiary

deformation of the district have heen very carefully worked

out by Bailey Willis (2). Professor Willis made several

(2) Willis, Bailey. Contributions to the Geology of Washing-
ton, Part 2, Physiography end Deformation of the Wenatchee
Chelsn District, Cascade Range. ZFrofessionel Paper, Ho.l1l9,
UeBeGaBa, DPe 4&1-102, 1903,

excursions into this district and into the Cascades immedi-
ately to the west during the interval from 1895 to 1900. The
Tertisry physiography snd deformstion of This region are
taken up very carefully in his psper and it remains to this
day as the most authentic and complete work regarding the

taetory of the easstern Cascades that we nave. To This paper
P

by

the reader is referred for the detalls regarding the physio-
K wf

gravhic history of the district.

FORMATIONS IRVOLVED

In #illie' paper the rock formations of the district
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are segregabted into the Coclumbis: River Basalt and the Pre-

-u

Tertiary Metamorphics. The metamorphics include granite,
gneiss and schist together with intrusive dikes and veins
older than bthe feeders of the Columbia River Fiows. In the

presgent work these older rocks have been Turther divided into

the Hibbon CLliff Guneiss and the Corbaley Canyon Porphyries.

Ribbon C1liff Guneiss.

e

The term Ribbon Cliff Gneiss i1s used to include a wide-
spread series of schistose and gneissgic rocks of iguneous
origin. The exact extent of the formaltlion is unknown. They
can be traced continuously from Venatchee northward into the
Okenogan Highlends. To the east thsey dilisappear benesath the
ercded edges of the Columbla River Basalt. On the west they
extend far up to the summits of The Cascade Range and may

represent ti azr on the western side of

the rance in the upper Skegit river valley. The age of this
gneiss 1s purely conjectural. In the Lount Stuart Quadrangle
George (tis Smith maps a schist of sedimentary origin which
has been correlated with the Ordovician of the Skykomish

Basin (1). AL the hesdwaters of the dddle Fork of llad River

omish Basin.
510]

ot

(

) Smith, %War
-

T The Stratigrephy of the Skyd
Jeur. of Ge Do

B o i
1., Eeptembe*-Cctower, 1916, pp.b

LY

in the Entiat Mountains the author has observed a contact
vetween the Ribovon Cliff CGneiss and & cusrtz-mics schist of
sedimentary origin. It is not definmitely known, however,

that the gchist is the same as that which Smith meps, and
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in addition it was not determined whether the sediments which
formed the schist were actually laid down on the eroded edges
of the Ribbon Cliff Series or whether they might have been
faulted upon them. The age of the basaltic eruptions in this
district is thought to be the same as that of the Yekima Ba- -
salt which hes been definitely fixed as lliocene from fossil
evidence in lake beds to the south. In the absence of other
information we can only say that the Ribbon Cliff Gneisé is
pre-liocene. That it is pre-Tertiary seems to be abundantly
indicated by its physiographic and structural continuity with
the pre-Tertiary areas just to the south.

The Ribbon Cliff Gneiss is a very distinctive and easily
recognized rock. It is in general beautifully banded with
the black biotite-hornblende lines contrasting strongly with
the white feldspar. The rock in most places appears To have
been derived from a diorite or quartz diorite. ILocally it
passes into ampnibolitic g%ses suggesting a gabbroid origin.
At least some of these phases, however, are due to later
alteration by ignecus intrusions.

By far the most noteworthy characteristic of the Ribbon
" Cliff Gneiss and the feature which gives it its name is the
alternating white and dark ribbon-like banding which its
exposed faces show. In the cliffs along the Columbia the
gneiés is seen to be traversed at intervals of from 2 to
15 feet with thin white bands varying in thickness frem 2
~inches to 4 feet, and often having a lateral extent of 2

miles or more. On close inspection these bands are seen to
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be sill-like injections of materdial along the planes of
schistosity of the gneiss, which vary in composition from
pure quartz carrying a little tourmaline and a very few
suifides‘through alaskitic materisl into true coarse-grained
pegmatites. All transitions from the purest of quartz to
coarse pegmatite can be found. At right angles to thesé
injections, and truncating them in places, are thin veins of
barren quartz. In places the injections are lenticular as
if they had been squeezed by the surrounding gneiss at tThe
time of emplacement. In general they follow more or less
clean cut lines with surprisingly little variation in thick-
ness. In one instance a four-inch alaskite ribbon was fol-
lowed for a little less than one-fourth mile without showing
any eppreciable change in width. Injections into gneissic
material similar to those described above have been sbundant-
ly described in the geological literature. They seem to be
fairly representative of pre-Cambrisn areas of éranitic and
metamorphic rocks and have been reported from pre-Cambrian
areas in widely separated parts of the world. The exact
mechanics of injection for these thin sill-like intrusioas
is still somewhat of an enigma, the solution of which has
réceived the attention of several of the workers on the pre-
Cambrian. The Dbest exposures of Ribbon Cliff Gneiss occur
at Ribbon Rock, a short distance up the Columbia river from

the town of Entiat.

Corbaley Canyon Porphyries.

The Ribbon Cliff Gneiss m=tme==3, together with the
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materra/
quartz-alaskite-pegmatite, is truncated at many places by
later intrusions of igneous rocks. These intrusions sre pre-
dominently of dike habit. ITwo series of iantrusiouns are in-
volved in the aree under ccnsideration in the present paper.
The clder involves a series of porphyritic snd noen-porphyrit-
ic roeks varying in compositicn from basic verleties to the

t scidic. The younger represents the feeders for The

=

o

C

j&¥]

Columbia River Basaltl.

Beczuse of their typical development in Corbaley Can-
von the older series of intrusive dike rocks will be called
the Corbaley Canyon Porphyries. From the point where tTue
southern tributary enters Corbaley Canyon to the point where
the clder formations are covered by later flows of basaltl
the canyon walls consist of over 40 per ceunt of dike material.
Most of the dikes have a nortihwest-southneast sgtrike and con-
tinue directly across the Columbia =and are very sundant in
the matiabt river valley. They are nct confined to this gtrip
alone, however. Dikes belonging to the Corbaley Canyon Ser-

ervals all the wsy from Yenatchee tTo

ot
et
]

ies can be seen al
Chelan while their physiograpnic expressicn betrays them as

forming many rugged spires and chimmeys throughout the higher
parts of the Chelen and Zntlst ranges. Uowhere, however, are

they sc thickly developed as in Corbaley Csnyon.

Columbia River Basaltl.

The immense extent of this formsticn is well known. The

Columbis river serves s& & rough dividing line between the

[§ie]




plateau of basalt on the east and the

the Cascedes on the wesgt. OQOutliers of basalt ccceur here and

there on the western side. The most notable ¢ thesge forms

s
ot
o
6]
}wl
[
el
[}
fr
fxt
.
[©)]
=
=)
0]
[
ot
&

the summit of the Zntiat mountains at
Tava covers the entire gurfsce of the Waterville Plateau and
riges in a broad fold to the summit of Badger lountain. In

.

Corbaley Cenyon the base of the

2200 foot contour line. The bassgl Ilows are thin aund very

finely jointed. They are capped by a very coarsely colummar
70-foot flow that can be seen as a perpendicular c¢liff mark-
ing the edge of the »nlatesu all along the sastern side of

the Coluwmbia river. This Flow ig veculiar in that 1t has =

1ting at right angles te the columms, which

(]
causes it to split into thin pentagonsl slesbs about & feet
in diameter. It is much sought after Tor road materiasl on
sccount of this feature. Two basaltic dikes which probably
represent feeders Lor lue flows above were noted inm Corbaley

PHYSTOGRAPHY

For an account of the Tertiary physicgraphy in This

digstrict the reader is referred fo Tthe previcusly mentioned

paper by 3ailey Willis. Only the very briefest summary of
his work can be taken up here.
According to Willis' interpretaticn the region now

forming the eastern slopes of the Cascade mountaineg had been
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almost ccmpletely eroded to a pemeplain at th
Vicocene., Occasional residusals stcced upcn this plain as mo-
nadnocks but the genersl chsasracter oi the topogrephy was a

featureless plain. Upon This plain the forces of diastro-

phism, beginning in late liocene or esrly Pliocene snd con-

4
L

by

tinuing throughout the Pleistocene and intc the Recent, pro-
duced the movements which have resulted in the upliftiang of
the Cagcade range. The main axis of the uplift was north
and south but trensverse to this uplift, extending in a
northwest-southeast direction throughout the range are minor
warpings and wrinklings which extend as spurs from the‘main
mass far to the southeast on the eastern side of the range.

¥
1
¥

On this newly erched block the forces of gradation began

werking with rejuvenated sctivity. They had succeeded in

carving it elmost to mature topography, lesving the remmants

b

of the 0ld vlain as flat topped resgiduals along the pesks o
& I e by £ A

the mountain ranges before asnother neriod of sccentuated un-

1ift again rejuvenated the cycle. The effects of the second

een mainly in adjustments of drair

[

uplift are
that were strong enough to maintein their courses without
regerd toc the unlift have cut deep precipitous gorges and
canyons that widen upward oan Tthe high banks of the rivers
inte the old msature valleys of the previous erosicn cycle.
This later stage of canyon cutting dominates the present
topography of the regiom. During this ctage of cutting
glaciers filled wmany of the valleys and modified them great-

ly. At the present tine the rivers are busy removing the




From this history Willis finds five stages of topographic

, g <

development indicated. He names these stages after the local-

,_.

ities in which they are best developed. The fcllowing para-
grephs are direct quotations, giving his summation of the

topographic develcpment of the region:

Y7

illis, Bailey. Op.cit. PP. 68-69.

"Enough has been said in the descriptions to indicate

J

[SRVECR

y

that several es of topogrephic develcpment have been

g
recognized. They are clearly evident in such profile as

+
5

from the Entiabt lountains across the Columbis Csnyon 1o

Badger Iountain. Beginning with the highest, the pesks
(5,700 to 5,800 feet) and the flat adjacent to them are con-

-

ered tc be representatives of the cldest stage of which

[
[l

s

Fu

efinite evidence remains. They are correlated with Badger

Liountain, the Waterville plateau, surfaces in the Chelan and

A

possibly in the llethow llounteins, aad the level from which
the high Cascades are sculptured. The oldest stage is there-
“ore that of the Cascade plateau, as named by Russell, but

now cslled the ilethow Stage. It is salso identified by G. O.

=S

4

Smith. The characteristic topograpohic type of the liethow
stage was a plain, upon which residual hills survived. Tol-

lowing Davis, it mey be designated a peneplesin, with monad-

nocks.
"Within this plain were carved valleys which avpear 1o

have attalined nearly mature development. One profile of the



%
Columbia appears to have been 2,000 or 2,500 feet deep and
7 or 8 miles ﬁide. The smaller streams certainly develcped
shallower and narrower valleys, but remmants of the llethow
plain west of the Columbia were few and limited. On account
of its preservation in the basin of the Entiast, this stage
is named from that river. The characteristic topographic
form of the Entiat Stage is mature. It occurs as a spur or
divide below occasional residuals of the llethow stage and above
features of the later stages.

"Within the relief of the Entiat Stage there were cut
deeper channels, some of them canyons of impressive depth,
some of them simply mountain ravines. They constitute the
most marked and everywhere the mcst characteristic features
of the topogrephy of the region. Any large stream might be
chosen as exhibiting the type, but probebly none shows it in
vaerious degrees better than the Twisp, which from its junc-
tion with the llethow to its source in the Cascades lies in &
canyon that varies from a few hundred to 4,000 feet in depth,
as can bé seen on the llethow topographic atlas sheet. This
stage is accordingly named Twisp. The characteristic cf the
Twisp stage is a canyon, the typical feature of topogrephic
youth, but the development progressed far toward maturity.

"The Twisp stage closed with accumulations cf glacial
ice, which occupied the canyong and in many instances great-
ly modified them. Rivers overloaded with drift filled their
channels to greater or less extent. TLake Chelan ahd the ter-

races of the Columbia near its outlet afford the most con-
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spicucous examples of these phases of activity. This stage
of glaciation will accordingly be called the Chelan stage.

"With retreat of the glaciers to the highest amphithea-
ters of the mountains the streams began to reexcavate their
channels. The glaciers still linger and the rivers are still
engaged in removing drift. To complete the sequence of stages,
this latest and present one may be designated from & stream
which flows from several surviving glaciers and is clearing

its old valley of drift, the Stehekin."

Details of the Physiography of Corbaley Canyon.

Residuals of the old lethow plain are not preserved in
the immediate vicinity of Corbaley Canyon. The closest
lethow remnants are represented by twoe small flat-topped
hills southeast of Waterville. The canyon owes its present
form entirely to the differential erosion that existed between
the Entiat and Twisp stages. Entiat tepography is easily
seen in the topographic atlas sheet as forming the lcng spurs
that originate on Badger licuntain and lead down with uniform
gradient until they drop suddenly into the canyon gorge that
has Dbeen cut by the accentuated river erosion that followed
the second uplift of this area. On the north side of the
canyon the Entiat topography is not so apparent from the
topographic mep because of the fact that the older Entiat
is severely cut up and gullied by revines of Twisp date. To
an observer walking over this country, however, fhe Entiat

stage is easily epparent. It is seen in a series of spurs
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often detached and badly eroded by later Twisp gu llies yet
nevertheless preserving in detached rennents the outline of
the Tormer Entiat Topography.

The history of Corbaley Canyon is thus seen to be two-

£01d. Corbaley (reek, together with Hoses Creek, shares

ey
the drsinage of tThe Yaterville Platesu. On this

Bntiat topography 1s everywnere in evidence. Although every-
where of comparatively uniform elevation, the surface of The

+ 3

platesu is intricately sculptured to = mature stage ol ero-
sion. he upper part of the Corbaley Creek drainege area 1S
s country of rolling hills of gentle elevation and winding

dry stresm courses, which lesve no portion of the plateau

e
(@]
o

<
o]
In

undrained. On the spurs on elther side of Corbaley

these same conditions persist to within 1,000 feet above tThe
“olumbia river, where the topography breaks off sharply to
2 ar b gn o/ &

the river vealley below. In following The bottom of the cany

rioted. oter

1)

however, a change 1 ting at o point three miles

vest snd one mile north of Waterville, Corbnaley creek drops

V.:l

gbructly into & narrcw walled gorge, lesving high above the
more gentle valley walls charscteristic of the Entiat stsage.
srofiles scross one of the canyon walls enywhere from this
noint te the Columbia are thus seen O be convex upward.
This feature Willis nctes as belng characteristic of stream

valleys that have been marked by poth the Entiat and Twisp

stages of ercsion. The steep-walled cenyon due to The Twisr
cutting, did mot extend farther back upon the Waterville

latesu probably because of semi- -grid climatic conditions

o,
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prevailing a
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s

The minor details of the topography of Corbaley Canyon
sre directly the result of the differentiel erosion of the
rocks exvnoged in the regionm. 48 has already been noted, the

edge of the Vaterville platesau is usually bounded in this

district by a cliff varying from 20 to 50 feet in height

csused by an =almost flat-lying flow of coarsely columnar
basalt. In many pleces along the canyon walls, and especil-
elly where the HEntist topography predominates, tThis flow 1s

Ey

lmest completely hidden in its own ftalus end its position

W

o

is only discerned by a narrow rocky band exposed at the upper
marging of the canyon. B3elow this uppermost flow the basal

I

members of the Columbia series extend along the gentle curves
of the Entiat stage down intc the gneiss below., This gneiss
would be topographicaelly centinuous with the basalt sbove
were it not for the faet that it is truncated in every direc-
ticn with scid &1k
softer gneiss and stand out above it, bresking the even

curves, which would ordinerily be its topogrephic Torm.

The dikes are extremely varied in their topographic ex-

w

pregsion. fThey are, without exception, harder than the sur-
rounding gneiss and stend above it in & wide variety of forms.
Some trend scross the country like ruined stone walls with
broken amd dilspidated tops. some, on account of a very

fine horizeontal sheeting, dbreak up into a mass of smell

h

. whic . - . . .
loose blocks Eﬁﬁﬂ, when sllowed to remsin in place, suggest

the stone fences built by farmers from boulders. Others have




a major coarse, vertical, jointing et rignt angles to tne
strike of The dike =nd these give rise to tall, thin cathe-
dral spires and minarets srrsnged in rows. The latter sre
often very besutiful in the detzll and angularity of their

sculpturing. Indivi

duael spires scmetimes start with 2 base
about 15 x 20 feet and rise upward with many pointed spincee

projections to ome or more Terminal spires 50 feet above.

The hasic dikes scmetlmes have a Tendency Toward spher-

gidal weathering, and when this cccurs The dike sometines

i,

extends a 1little above the surrounding gneiss in hemi-cylin-

drical ocutline.

In the Columbis River valley the spurs on either side of
Corbaley Canyon drop off abruptly to the vealley floor. Thils

YO

canyon cutting, but is due in part te & very pronounced sys-
tem of jointing in the gneiss. Thig Jointing, by lying par-

gllel to the local trend of the Ccolumbia, has resulted in well

¥y o7

Two stages of reapid uplift with deformation taking

place more slowly in the interval between sre recorded by

ERE Y - A

Willis. In addition to the mejor uplift, resulting in the

uprising of the Cascade blcck, there were Transverse warp-

=

ings which gave rise to a series of wave-like folds trending

across the enbtire range in a northwest-southeast direction
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and representing southeasterly trending spurs from the main
mass on the eastern sgide. 0OFf these mincr crenulations two
of the spurs and the downwarp between them are of interest

a8 bearing on the problems of the

o

in ¥Willis' terminology, the Badger lountain-Zntiat Iountains
upwarp, the Chelan lcuntains upwerp, and the intervealing

T
i

sterville downwary

o

. Willis' reasons For postulating the

existence of these marginal flexures will now be briefly

given.

On the teop of 3adger Mountsin and on the summit of the

]

socuthern end of the Entiat llountains residuals c¢f The Lethow
plain are preserved ot elevations over 4,100 feet. (On the
o]

south side of Badger lountain in the vicinity of Rock Island

Creek these residusasls are seen to slepe towsrd the south

-

with ever decreasing elevation. Southeast of Waterville and

e few miles north of Badger lountain two small residusls of
the Tethow plain still survive at an elevation of 2800 feet.

hat the llethow plain has been upwarped in

[
o
[}
®
o}
ot
S
.
&)
CL

It is thu

o 7

the Badger lountain-Entiat licuntain area into a broad flat

Ffurther evidence for *pa existence of this feold has
been gathered by The suthor of this article from Badger
ouantain at its eastern en where 1t 1s cut across by =a
trioutary of lioses Creek. At this point the northerly dip
of the basalt sheets 1s an obvicus fact, and gives strength

to Willis' evidence for the existence of an upwarp in This

288,
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On the ssme kind of evidence Yillis postulates another

area of uplift =2e sextending =long the Chelan lcuntains and

o

across the river to the edge of the plstesu north of Yater-

71y

into the Chelen Butte Region. The structure of

ville,

alcng the edge of the platesu to where 1t outcrops seven

miles nerth cf Vaterville gt an elevasticn of BOO feet higher

th Corbaley Canyon.
The area 1in which Zntist River, Corbaley Canyon aznd the

town of Waterville lie is thus seen to be a downwsrped ares
between the Chelsn lcuntains' upwarp oun the northesst and
the EButiatl lountains-3adger lountain upwarp on the scutheast.
The axis of this downwarp passes directly
ticn of Corbeley Canyeon in which the svnecimens for petro-
grapnic analysis were talken.

The second period of deformeticn conunected with the
building of the Cascades Willils works out by the elevaticn
of the Entiat topogrephy above existing stream valleys of
the present day. The Tfact that The Lntisa

2

the Badger lMountain-Entist llountain asxis, ends abruptly

(o)
H;
<D

in s steey scarp 2000 feet gbove the Columbls River, while

2t Chelan Butte it is only 800 feet above, 1 cited by wWillis

o

&

w

evidence thalt the Badger locuntsin upwarp took place in two

[

Gifferent stag

i
&

res, the later upwsrp following the same plane

{ '\’;
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of weakness as that preceding. #Willis notes That there is

2lso a close correspondence in the structure lines existing

jot}

n the Cascades between the pre~Tertiary and the Tertiary

o

episodes of deformation in addition tc the correspondence

in the different Tertiary episcdes

Pre-Tertiary Delormation.

endeaver to unravel any of the carth

o

i1lis

§8}
[

e

o

oe
movenments taking place in this regicn before pre-Tertiary
time}d. In this connection the asuthor has noticed some phe-
nomena which seem to have a certain amcuﬁ% of bearing in
proving thet at least in the Waterville-Entiat River down-
warp there is & very close colncidence between a depressed
area of pre-Tertiary time and the Tertiary downwarp.

A8 one prcceeds up the eastern side of The Columbia
river avove Wenstchee the Rivbon Cliff CGneiss 1s exposed on
the c¢liffs =211 along the river wihere 1t cuts across

ntsin-tntiat lountain wplift. Throughout this region the
banding planes in the gneiss have an almost north-south
strike with a dip tc the east, varying from 10
onie avproaches Corbaley Canyon, however, these sirikes and
dips gredually change. The strike swings around northwest-
southesst, trending more and more toward en east-west direc-
tion, until at the edge of the canyon the banding lines are
trending about I 70° W. The dips grow increasingly steeper
until on the southern wall of the ceanyon they are from 30°

to vertical and in a northeasterly direction. In the center
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of the canyon the gneiss has been so padly cut and iantruded

by the Corbeley Cenyon Porphyries that strikes and dips taken

f
¥

at this pcint cannot be safely used as an indication of struc-

ture. On the north side of the canyon beyond the main por-~

-

payry intrusions no strikes were observed excent st one point
sbout & mile above the canyon, where it could be seen from
the road that the strike of the banding was north and south

by the horizontality of the alaskite intrusions in the guneiss.

Wnile working out the structural history of a region by
.

banding of gneiss 1is hardly a geological procedure that

can be used without assuming & large percentage of error, it

A

is thought that in this district The increased dips in the
banding of the gneiss in the vicinity of Corbaley Canyon over
he dip of the basaltic formations above indicates thstl Tthis
wss o dowawarped zcne long before the besaltic floods poured

out upcn 1t. Certsin structural fesatures of the Corbaley

Canyon Porphyries will be noted later that alsc seem to es-

tablish a pre-~Tertisry zone c¢f wesaikness along the
Corbaley River line.

Material for petregraphic study wss collected at several
localities but the main work has been done in the =i area
whose confines were given earlier in the report. Within this

ares type samples of Ribbon Cliff CGneiss were hard te cbtai:

as they have, in many instances, been badly metamorphosed by
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the later dike intrusicms. For %his reascn some soecimens

i

o

from the Rivhon Cliffs were Taken on the sgast side of the

Columbia river apout three miles below The town of Crondc.

Ui‘

t

b

this point the Ribbon Cliffs are cut only by the alaskitic

A compariscen cf The material collected

49}
)_‘Ji
§-do
)
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»

veining mat

from here with thsat occurring in Corbaley Canyon has been

made. liaterial from the ribbon-like injections at this peint

was also collected but due te lack of Time has nct yet been

studied petrographically. The petro
of the dike rocks occurring on the spurs on either side of
the mouth of Corbaley Cenyon will alsc be included in this
report. &t these points steep sided cliffs are exposed on

which the detsils of the dike intrusions z8 well ag the

structure of the gneiss can be e=gily worked out. 3y far

the larger part o¢f the materisl, however, is taken from the
small lccality in the upper pert c¢f the canyen, whose con-

fines have already been Ziven.

Ribbon Cliff Cneiss.

Something of tThe general features

g of the Ribbon Cliff Cneiss have

ati

to
[

1
ot

is at the same Time
eous rock in the regicn: homogemeous in that 1t extends through-
out the Wenatchee-Chelan district with almost identical Field

charscteristics, being banded and cut by highly acidic intru-

sicons in sill-like rows parallel To the schistosity at every

point where it is met, and veried in that at no two localities
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men cr thin section. Its derivation from a granitic igneocus

rock is at omnce appaorent in heand specimen, feldspar being much
in the msjority of the constituent minerals and micas and am-

phiboles generally exceeding quasrtz. The texture varies from
medium schistose to coarsé—gfaiﬂeﬁ grneissic. In the upper
oart of uorb@lej Canyon, Jjust before the older formations
pass under the basalt, the Ribbon Cliff Formation loses, to

& large extent, its guneissic texture. The direction of the

4

banding here can only be made out with difficulty in the hand
specimen, although the alignment of the amphiboles is essily

gen in thin secticn.

wn

from »
The gneiss seeme to have been derivedNdss= =z related

series of igneous reccks of slightly different mineralogical
and chemical counstitution. The dominsnt feldspar in all sec-
tione examined was alblte. In some sections orthoclase pre-
dominates after albite; in others, c¢ligoclase. 3Both horn-
blende and bilotite were found in all sectioms. In some local-
itiesvhornblend& predominates; in cothers, blotifte. Hornblende
ig develcoped along the contact zome of scme of the Corovaley

s to convert the gneiss

o

Canyon intrusives to such an extent

into amphibolite, but these zoneg are only al end the am-
phibele shows slightly different characterist then dces

@

the zmphibole in those portions of the gneiss far removed

from the contact. The gneiss clearly shows the effects of
both dynamical and hydro-thermsl metamorphism. UThe dynamical

effects are clearly shown in bent feldspar and bictite
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crystals such as those shown in Plate,)& Contact effects
from both the Ribbon CLliff intrusions and Trcm the Corbaley

Canyon intrusives are seen not only in the extensive amphi-

bolization along the contacts but also in the development of
typical contact minersals such a8 tourmalizne. ©Small crystals

of garnet sre found in the gneiss in all localities. Garnets

he Rivbhon CLiff veining

LS
-

ot
j
(@]
pa
Pt
o

are noticed in one Thin sec

material

]

lso. Other minor =accessory minerals are apatite,
zircon, sphene, maegnetite, chlorite, epidote, tourmsline and
sericite. In one case intergrowths of micropegmatite were

BN

et with a greunophyre

ﬂ ‘(

observed in the gneiss near its contbe

dike. These intergrowths seem to represent very fluld ex-

(42
o

racts that found their way into the gneiss at the time of
intrusion of the grenophyre and crystallized there as micro-

pegnetite.

Intrusive Rocks Older then The Corbsley Canyon Porphyries

The inﬁru31ve rocks, older than the Corbaley Canyon Por-
1t the gneiss are the series of pegmalites,
alaskite snd guartz intrusions which feorm the sill-like rib-
sons from which the gneiss is named. Lone of these were ex-
amined in thin secticn. In hand specimen they are seen 1o
congist of very scid meterisl which varies in composition

from coarse-grained pegmatites to slmost pure guartz. IThe

moet common types comsist of & coarse-grained pegmatite
containing large crystals of orthoclase and guartz, together

with minor amounts of biotite, hornblende and plagloclase.



ce can sometimes be seen in hend specimen, In most
ages the feldspers are remarkabvly fresh and glassy looking;

in & few, kaolinization has taken place. The biotite is sl-

tered Tc chlorite in scme of the peguatites. The relatiy
amounts of feldspar and guartz vary widely in different

ribbons and the pegmstite seems to be trensitional from a
oure feldspar rock on the one hand to alsskites on the other.

Ty o~ » I . o o ST ey A PN I vy N =Ty -
The slaskitic types are, in the main, finer then the pegma-

tites. In other respectes they do not differ exceedingly,
except in the amounts of gusasrtz and feldspsar. Lany of the

Cne consisted of rib
in the lesast milky, carry
colored quartz, somewhat darker Than true rose guartsz, which
bore no tourmeline. Some crystals of sulfides were noted in
both types but are very rare. Some of the quartz veins carry

large crystals of feldspar. Although not exemined in thin

section, this feldsper is comsidered to be albite on account

of qguartz cut pegmatites snd slaskites. n ancther case a
pegmatite stringer was definitely seen truncating a guartz

vein. ot enough field work was done to make any definite

statements concerning either the thod of emplacement or to

work cut any systematic explemsticn for the varying types and
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LASLT g6 Telallliit. 1L0e wihacLe gues Lion of These Lecullsay

8ill-like intrusiocons presents provlems the sclution of which

] 4

will reguire much mere detsiled field and laboratory work

than wsg done in the wrepsra

Only two specimens of the basalt flows and feeders

Corbaley Canyon were taken for anslysis. QOue
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was of the thick, 70-foct flow occurring at The Ttop of the
series:; the cther, & specimen of a2 smzll dike cutting the

gneiss. The dike rock varies scomewhat from a typicel ba-

galt in that it is exceptlonally high in titanium. This is
seen in the very purple (ordinary light) augite which makes

up over 185 of the rock, as well es in opaque ilmenite indi-

viduels which are Pseudomorphs

g

oL g1 reenish serpen

sining meny irregular aggregeates

of magnetite, indicate the former presence oi olivene, IHone

of this remsins unaltered in the secltion obsgerved. The feld-

spars are labradorite.

Corbaley Cenyon Porphyries.

The Corbaley Canyon Porphyries preseunt by far the most

eries of rocks, from the petro=~
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cion. They occur alto-

of eny in the re

gether as a series of roughby parallel dikes with & general

northwegt-scutheast trend. Although dikes referable tTo the

Corbaley Canyon types may be Zound scattered throughout the




entire Vensatchee-Chelan districhk They are nowhere so well
represented as in the upper part of Cerbaley Canycon. Al
this locality they make up over 40% of the rock exposed and
a2t one point a composite dike revresenting four chemically
different kinds of magma fills a fissure over 100 feet wide.
Individual dikes are usually from 10 to 3b feet wide. A Tew
attain 2 width of 50 feet, =and one dike occurring 800 feet

helow the intersection c¢f Corbaley Canyon with its scouthern

tributary, has & width of 64 feet. This dike 1g very promi-

i3

nent topogrephically and narrows the canyon at this point to

g slit. Composite dikes are often of uuch greater Thickness.
As one proceeds either north or south from this pertion

ne dikes rapidly thin in smount in both

directions. Toward the south they gradually disappear as

- e p b T Aoy T T ey ey S -4 vy EA = N L. - T e 2 s
one approaches the Badger lountein uplift uantil in the heart
¢t This upwarp they cease to be renresecnted altogetner. To-
7 Ay E AoTa BT S B I E 77 1 coaod AT el
Ward Thng crtva ("‘““C’af wecone Chrpd e b .“L.A_‘—.-»QV (% DUL CCcCaiREillila .l

dikes are perceived breaking the sloping outline of the soft-

er gneiss in Jagged threughout the entire
distance to Lake Ch

large percentage of
In the canyon composite dikes are common, a single fis-

sure often being filled with =28 many as four dikes of differ-
ent chemical composition and slightly different times of in-
trusion. Multiple dikes are alsoc of common occurrence, e€s-

pecially in the more basic magma.
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Chnaracter of Dike Rocks.

Individusl dikes in Corbsley Canyon vary greatly in
megascopic charscter as well &8s in other field character

tiecs. In color they range Ifrcem almest black through varying

shades of greys inio yellows. In texbure some show the fine-
fd 2/ <

grained granuler splitic habilt, othere have 2 pronounced felily

aspect en viewed with a hand lens, while still others are

coarsely porphyritie, phencechrysts meking up over 0% of the
rock. All sre of the dense nabit; in no case is the ground
mags of the rock sufficiently grenitoid so that the minersl

e determined nmegascoplically.
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Although the chemical and mineralogical composition of

i

the dikes is much more essily determined in thin section, cer-

[¢

tain of the broader festures regarding their mineraslogical d4di-

versity and similarity are easily seen in the hand specimens

M

Certain black, dense rocks sppear in hand specilmens somewnat

like basalts, bubt when these are examined more closely it is

.1

seen thalt instead of the common disbssic texture which ba-

salts exhibit, they are more granular with a texture cimilar
to that of an splite In addition, the few minerals thatb

occur &8 phenochrysts are commenly hor ende =and biotite

while white vatches of carbonate svpear here and there, which

i,
e

[

dc not fill cavities but which either solidified directly
from the magme or were caught as inclusions in its ascent.
The contacts of these pasic dikes are extremely irregular,

which indicates their high fluidity. The gneiss along the

contacts is also extensively altered and this, together
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with the carbonste patches occurring in dike rock itself, is

taken as indicative of a very high concentration of velatile

congtituents in the megma itself. For these reasons the
bagsic dikes are thouzht Te represent intrusions frem & lan-

prophyric rather than a bagaltic magma.
Arom these typically lamprophyric injections s gradusel
transition can be seen to exist in specimens tasken from dif-

ferent dikes. Individusl specimens can be taken which grow

progressively more and more acidic, yet the transitiom 1is
sc complete that svery possible variaticn in the seriles 1is
renresented. If the hand specimens from The 62 dikes thsatl

were chosen for pnetrographic analysis are laid end to end,
in order from the mcst basic to the most =scidic, they are
geen megascopically to grade from the typical lamprophyric
specimens described sbove to a yellowlsh rock composed of
o ; . "

about 25% of guartz phencchrysts. Th

P PP P a4 = 7
: game relation also

]

noldas wnen the rocks sre exsmiuned inm thin section, &s will

be noted at sgome length below. In detail the ¢

o

pesrs 1o be somewhat as follows: The lamprophyres pass wi
gradual transiticon into & grayish rock with = distinctly

1ty texture in some specimens cf which phenochrysts

w
O
s

hormnblende snd orthoclase are essily appsrent. This rock,
in turn, becomes increasingly more and more porphyritic,
with the orthoclase phencchrysts gradually oredominating
over the hornblende until it passes into a rock of a light
vellow to gray cclor containing about 0% of phenochrysts of

which practically all sre orthcclase. From here on quartz




]

begins to enter as phenochrystic:imaterial and orthocase to
decrease until finally the series ends with & rock consigt-
ing entirely of quartsz phencchrysts set in a dense yellowish

brown ground.

toe Relaticuns of Different Dike Types.

Because of the especially excellent exposures in Corbaley
Cenyon definite evidence concerning the relative age of dif-
ferent dikes in the Ccorbaley Canyon series was easily procur-
ed. Tt was found that in every casge iladividual dikes cut
sercses those thaet are more Dbasic than themselves and are in
turn truancated by the more acidic types. On account of the
eﬁcé llent exposures in the canyon cress-cutting relations
could be observed repeatedly and in every case, without a sin-
gle exception, the rock truncated was more basic than the dike
which cut it. Figure J is = sketch showing the age reiatiOﬁS
of three dikes of different composition at one point in the

3 e e
[ R 3

PHENOLENA

Certain phenomens ccnnected with the injection of the

Corbaley Canyon Porphyries are worthy cf mention &g throwing

12
some light on the siructural relations of the Corbaley Canyon
region in addition to bearing information cencerning the rela-

tive fluidity end characlteristics of the injecting magms &t

. The zeneral northwest-southeast strike

3

the time of intrusio
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Fig. l.- Sketch showing the age relations and types of con-

tacts exhibited by three of the Corbaley Canyon dikes.




0f the dikes has alresdy besn noted. hig fTeature 1is very
general througheout the canyon. Individusl dikes often devi-

ste from it for short distences, but when followed any dis-
tance slong thelr strike are seen to fell in with 211 the

rest in a general northwest-southeast paralellism. It has

-4

2180 Dbeen noted that the dikes rapidly decresase in number
the scuth and north of Corbaley Canyon, but hold

s northwesterly along their

joz;

stant in number a8 one procee

strike into the Lntiat River valley. These facts dc not

Decome especially significant by themselves until we remember

o
4

that this same line was also =z zone Tertisry deformation,

the axis of the Waterville-ZEntial downwarp pessing directly

through the region in Corhaley Canyon, wiaere the dikes are
most closely spaced and continuing along thelr strike into

it

the Entiat valley beyond. From this data it becomes at once

soparent that the zone of weaskness along which the Corbaley

Canyon dikes were intruded persisted imto Tertiary time, and

as

=+
st
A d

during the Tertiary dowawarping has taken place along
[ (o

this same structursl line at least twice. Certain dats have

w

the

2]
fedn
&

w

Leen given concerning the strike and dip of the band

his we

4]
jay)

Tibbon O0LifT Cneiss which seemed To indicate that
zone of pre-Tertisry dowawarping. The evidence given by the

trend of the intruding dikes not only strengthens this theory

nre-. Tert T

Fh

but gives actual proof of the fact that a zo

=)

e o
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weakness existed along Corbaley Cenyon-intiat River line.
That it was also =2 zone cof downwarping is indicated not only

by the differences existing in gneissic banding but by the




his line. It will

ok

extensive development of the dikes along

be remembered that Badger lountain-
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L lountain uplift no dikes were Tound cutting the Ribbon

T

Cliff CGneiss. In Corbaley Canyon they make up 40% of the bed-
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seems that dikes would be most likely to in-

¥

trude along the axis of a syncline for here the tensionsal

En

jointing caused by the bending of the strata would be oro-
Jected downward,while in the antiglines it would radiate out
from a central point toward the top. These tensional cracks
eéxtending downward from the center of = downwarped aresa would
tend to lesd any upward working magmatic body intc the center
of the syncline. 1In this way the synclines would become s
zone for maximum sccumulsation of megmatic meterial. In = sim-
ilar way anticlinal aress would be a.zOﬁe of minimum scceumu-
lation because the zone oFf tengi onal joints produced in them

tend to narrow to = line as one proceeds downward. Thus anv

5
Tound 1ts wav into the sxis of 21 anti-

&

34
5]

3
1. 3
9]
ot
}.J
o
i
Sy ]
o+
CE)
H
o
fot
o
fe

cline would tend to e distributed out from the center of the

e

anticline a2long the diver ging lines of tensional jointing.

rhe relastions herein outlined are given by sketch in PFigure 3,

While such counsiderstions are purely hypothetical thew apprea
to e warranted by the facts, and indeed seem essentisl to
an explanation for the prevalence of dikes in the Corbaley

Cenyon-Entiat River region and their sbsence along the Radger

Hountain-Entiat lountain sxis.
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2.~ Sketch showing irregular contacts of
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lamprophyre

neiss in Corbaley Canyon.
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Minor Detsails.

1

Certain minor details concerning the injection of the
Corbaley Canyon Porphyries are of interest in that they help
to bring out certain varisations in chemical composition of
the different dikes and differences in the physical charac-
ter of the magms at the time of injection. The type of con-
tact exhibited by the dikes varies widely, depending upon
the chemical charscter of the intruding magma. In genersl
it was found that the basic lamprophyres have very irregular
contacts, indicating high fluidity of the magma at the time
cf injection. The magma apparently became more viscous as
it became progressively more acidiec, for the walls of the
diks become increasingly straighter and more regulasr until
in the highly quartzose types the contacts are very straight
and clean cut.

The contacts exhibited by some of the more basic dikes
indicate that they must have possessed exceptional fluidity.
Individual dikes will often vary in width along their strike
from 50 feet to less than two feet. Thin streamers and
apophyses from the dikes penetrate the gneiss in every direc-
tion, extensively metamorphosing it as they go. These string-
ers are often only one or two inches wide, yet they penetrate
the gneiss distances of twenty feet, or even more. When
viewed in cross section most of the lemprophyre dikes appear
to engulf large blocks of gneiss. These, however, when ex-
amined closer, are seen to be blocks that are more or less

completely surrounded by apophyses of the lemprophyre and
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relations at & point in the upper partof the canyon in which
the increasing viscosity of the more acidic dikes may be seen
by the iiregularity of the contacts of the three dikes shown.
The most acid dikes represented in Corbaley Canyon are grano-
phyres containing much phenochrystic quartz. In their extreme
viscosity they stand in direct antithesis to the peculiar
physical condition of the lamprophyres. The acid dikes were
so sticky that they ocozed up along fractures in approximate-'
ly the same condition as thick pitch. They show absolutely
clean cut walls exhibiting practically no contact metamor-
phism. The mineralogical analysis shows that the dikes must
have been rather high in volatile matter but their highly
éiliceous character and probably rather low temperature must
have rendered them extremely viscous.

The contact relations of a spherulitic granophyre dike
outeropping along the Sunset Highway 400 feet below the tele-
phone booth in the upper nert of Corbaley Canyon are of es-
pecial interest in this connection. At the point where the
granophyre joins the highway it is cutting gneiss. On account
of its greater resistance to weathering than the gneiss it |
stands up as a wall as it continues on up the canyon side.
About 200 feet from the road it truncates a composite lam-
prophyre sbout 25 feet wide, together with the amphibolites
derived from the contact metamorphism of the lamprophyre.

The walls of the granophyre are peculisrly grooved and
striated giving the appearance of rough slickensides. The

direction of movement, as shown by the slickensides, is the
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same as the direction taken by the intruding dike. That the
striations were caused contemporaneously with the intrusion

of the dikes is proved by the fact that where the granophyre

truncates the lamprophyre an angular fragment of the lampro-

phyre was found asctually frozen into the granophyre while &

long trail behind it shows where the granophyre moved past

it before it fimally froze fast. The glassy contact of the

dike around the lamprophyre fragment leaves no doubt that

the movement cccurred at a time when the dike was still

fluid enough to finally freeze around the fragment, but was
viscous enough sc¢ that the scratches made by the fragment
were still preserved when the magma complétely solidified.
The conditions given gbove can only be accounted for in one
of two ways: Either the granophyre was so viscous at the time
of intrusion that it actuslly scratched its sides against
projecting rock particles in the sides of the fissure that

it filled, or else after the intrusion of the dike and just
before its final consolidation,diastrophic forces caused a
movement along the walls of the dike which resulted in the
slickensiding of the still semi-molten magma. Further field
work will be necessary to definitely prove either of these
hypotheses. From the amount of data already collected the
suthor is inclined to favor the second as being more nearly
correct. The fact that dikes mske up over 40% of the bedrock
material in this portion of the Canyon indicates that some
diastrophic agency must have been at work almost contempora-

neously with the intrusion of the dikes, producing the
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fissures which they now fill, and it might easily be that
slight movement cf the walls of a fissure after a dike hsad.
intruded it would produce the phenomens noticed in connec-

tion with the granophyre just described.

Hotes on llechanism of Dike Injection.

The features outlined above are of special interest in
connection with the deformation of the region. The most ob-
vious reasons for the occurrence of dikes 1in downwarped areas
have already been taken up. It might be added that the con-
ditions outlined there would be especially favorable in
those beds which were most competent. The terms competent
folding and incompetent folding when used in reference to
deformation are applied only to sedimentary beds. Igneous
rocks are supposed to give way under deformaeticn by shesring
and not by folding. A certain interrelationship is seen to
exist between the two, however. The characteristics of rock
in which competent or incompetent folding may take place are
given by Bailey Willis™ as follows:

"In order that any stratum shall be competent it should
possess certain inherent characteristics in a degree superior
to that in which they are possessed by other strata, These
qualities are (a) strength to resist shearing; (b) capacity
to heal fractures; (c) inflexibility. On the other hand

the conditions which favor incompetence of strata in folding

*Willis, Bailey. Geologic Structures, p. 149. lcGraw-Hill
Book Co., New York. 1923.
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are (a) lack of coherent strength; (b) lack of cementing
quality; (c) flexibility."

It can be seen from the list of qualities necessary for
a competent bed that gneiss possesses two of them, nemely,
strength to resist shearing and inflexibility, to a very
marked degree. ILimestone is considered to be the most com-
petent of sedimentary rocks. The most compe tent crystélline
limestones are very similar to gneiss in strength and inflex-
ibility. ILimestone has the added power to heal fractures and
in this respect it is practically unique among rocks. Just
where we may draw the line between competent folding and
shear is not altogether clear. Limestone reacts to stress
by shearing to a marked degree. An outcrop of crystalliné
limestone can scarcely ever be found that is not extensively
jointed. In some cases the joints may have been healed but
in general limestone shows extensive jointing better than
any other sediumentary rock. In the competent folding of s
limestone it would seem that the actual deformation took place
by shearing, the shear planes being progressively recemented
and broken as the deformation went on. The deformation of a
gneiss with the planes of schistosity practically horizontal
might be expected to proceed in much the same way as the de-
formation of limestone. Lateral compensation in the gneiss
could largely be taken up by slipping along the lines of
' schistosity while the tensional stresses accumulating through
anticlinal and synclinel bending would be relieved in the

gneiss by fracturing or shearing. These fractures would
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radiate from the axes of the synelines downward and fromkthe
-axes of the anticlines upward. They would not heal, as in
the case cof the limestone, but would gape open until filled
by some foreign material. The deformation of gneiss by fold-
ing would have to be on a very large scale. Small minor
stresses would almost certainly be compensated by shear.

Such a condition as here outlined is postulated as hav-
ing gone on in the Corbaley Canyon district during the time
of pre-Tertiary deformation already referred to. It is
thought that practically simultaneously with the deformation
there were intrusions of liquid material from below which
filled the fissures due to the tensional cracking in the
gneiss, and which were led into zones of downwarping due to
the fact that the tensional jointing radiates downward from
the axes of the downwarp. These relations are illustfated

by sketch in Figure 3.

CONTACT PHENOMENA

In their contact effects upon the gneiss which they in-
trude the Corbaley Canyon Porphyries are remarkably varied
in the metamorphism which they produce. The metamorphism
surrounding the basic dikes is most marked, and as the dikes
bécome increasingly more and more acidic, the metamorphism
along their contacts decreases unti; with the granophyres no
contact effects whatever, aside from baking, were noted. The

typical lamprophyre in Corbaley Cenyon is a basic rock which
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Fig. 3.- m%mo&smﬁwowH cross section to show the relation of downwarped areas in gneiss to
zones of maximum igneous injection. The heavy black lines represent the banding in a
gneiss which has been thrown into a series of folds. The light black lines show tensional
joints in the gneiss, caused by bending. They open upward in the anticlines and downward

in the synclines. The red lines are dikes showing how igneous intrusions are concentrated

in synclines.
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has solidified from an igneous reock solution in which the
amount of volatile matter was exceptioneally large. The petrc-
graphic analysis of a 9 foot lamprophyre dike cutcropping 500
feét down the highway from the telephone box in Corbaley Can-
yon shows it to be an even-grained rock in which the constit-
uent minerals have a distinct idiomorphic tendency. Plagio—
clase zonary from andesene to oligoclase,'and with corroded
centers containing numerous inclusions makes up the major
part of the rock. Orthoclase is common in large singly twin-
ned individusls. A tendency toward perthitic intergrowth is
noted in many crystals and a few have Dborders which are mi-
crographically intergrown with quartz, forming micropegmatite.
Quartz is also present as a minor constituent, but is rare.
It fills in the spaces between feldspar crystals in a few
places. Corroded femics, principally bidtite and hornblende,

together with the various products arising from their decom-

w3

position, meke up & large part of the rock. The biotite is
often sharply idiomorphic, sometimes corrcded, and usually
exhibits a yellow to brown pleochroism. Some individuals of
biotite vary in pleochroism even in & single crystal. One
part will show sbsorption from yellow to brown, while an ad-
joining part in the same crystal varies from yellow to bright
green. Hornblende is represented by badly decomposed, crys-
tals which are largely converted over into chleorite. A psrt
¢f the hornblende is often uralitic. Two distinct varieties
of chlorite were noted. One type is of a clear bluish green

color in ordinsary light and is almost isotropic. The other
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is more yellowish green, is oftem clouded and shows the char-
acteristic snomalous blue under crossed nicols. llagnetite 1is
present in granular aggfegates, formed mainly as a byproduct
in the chloritization of the amphiboles. Apatite is present
in long thin crystals. A few altered grains of sphene were
also observed. One of the most peculiar features observed
in this rock is the presence of large patches of carbonate
and chlorite scattered through it. These patches are large
enough to be easily apparent to the naked eye. The carbon-
ate is distinctly not filling the blow-holes but oceurs fill-
ing in the spaces between the other crystals as well as in
the patches already referred to. The carbonate, the exten-
sive development of chlorite, the quaertz and micropegmatite
all point to the presence of an exceptionally‘large percent-
age of volatile material in the original magma. Thg mineralo-
gical analyses of the rock shows:

Andeséne ' 50%

Hornblende 15%

Chlorite, llagnetite aﬁd

other mafic decomposi-

tion precducts 14%
Orthoclase 10%
Biotite 7%
Carbenates %
Quartz 1%
Micropegmatite (=)%

Apatite and Sphene (-)%
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The contacts c¢f this dike afe extremely irregular, and
are similaer to the contacts of the dike sketched in Figure E?,
The alteration of the gneiss along these contacts gives still
better evidence than even the mineralogical analysis of the
dike itself, that it must have contained exceptional amounts
of volastile matter. ILong, narrow apophyses project from the
dike in every direction extensively metamorphosing the gneiss
aé they go. Close to the intrusion the gneiss has been almost
completely converted over into amphibolite. A series of seven
specimens taken at intervals of six feet from the contact out-
ward show the rock to be largely hornblende out for 25 feet
from the contact and from there a gradual diminution in the
gmount of contact metamorphism. The gneiss does not become
normsl in character, however, until over 100 feet from the
dike. The contact amphibolite is a peculiar rock which ex-
hibits a wide variety of textures and mineral composition.

The larger part of it is composed almost entirely of horn-
blende with minor amounts of biotite. Lighter colored spots
about an inch long are seen scattered through the rock. These
.are found to consist mainly of quartz and very badly corroded
feldépar, and are thought to represent portions of the gneiss
which were nct completely replaced.

The six specimens taken from the contact cutward are
successively numbered RCI-1llcls; c2s; c3s; etc. A brief de-
scription of each may be of interest at this point. RCI-1lcls
is a specimen cof amphibolite through which a quarter inch

apophysis from the lamprophyre projects. Practically all of
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the feldspers contained in the greiss of this specimen have
been entirely converted over into brown hornblende. The
feldspars still remsining are extensively kaolinized and ser-
icitized end all through them minute crystals of uralite, bi-
otite and brown hornblende are seén to be starting to grow.
Along the edges of the lamprophyric apophysis the excess iron
introduced from the magma has resulted in the formation of a
distinct ring of very dark brown amphiboles immediately sur-
rounding the contact. This fades rather abruptly as we go
out about two millimeters from the dike, but the hornblende
throughcut the section is of a distinctly brownish cast. An-
other interesting feature noticed at the contact and in the
dike itself is the development of uralite where particles of
the amphibolite haveﬁ%?oken off and engulfed in the magma.
The uralite is bright green in ordinary light and is very
pleochroie. It seems to be a product of the recrystalliza-
tion of the hornblende that has been partislly reabsorbed by
the intruding magma. Uralite also often develops in minute
crystals representing the initial stage of the replacement of
plagioclase. Cracks through the amphibolite are frequently
cemented with secondary quartz. The apophysis of the lampro-
phyre shows decided differeﬁces from the main lamprophyric
dike. The extensive develcopment of uralite from the resorp-
tion of included hcrnblende fragments has already been noted.
In addition, the dike apophysis is distinctly more acidic
than the main dike. Whereas, quartz was & rare constituent

in the original magma, it makes mp about 6% of the minerals



42
in the apophysis. Orthoclase issalso somewhat more sbundant
than in the original magma, but ccmparison with other apophy-
ses seems to indicate that this ccocndition is merely local.
Biotite was not noted at all in the apophysis and hornblende
of the type characteristic of the main dike is rare. Oune of
the most surprising differences in the mineralogical consti-
tution of the two is the much greater amount 6f sphene in the
apophysis than in the main dike. In the main lsmprophyric
dike sphene occurred rarely and ih small crystals, making up
less thsn one-fourth of one per cent of the entire mineral
composition of the rock. Tn the apophysis it is very abundant,
occurring mainly as small, badly altered grains. In the
apophysis it approcaches three or four per cent of the entire
mineral compdsition of the rock. Illicropegmatite is more
abundent in the apophysis than in the mein dike, but is still
exceptionally rare.

Variation of the apophyses from the main lsmprophyric
dike can be noted in almost sny of These intrusions.‘ In the
field several apophyses about two inches Widé can be noticed
to vary in a few feet from a very black basic rock to string;
ers of a light gray shade containing hardly any mafics. The
apophyses in general seem to be more acidic than the main
dike and this is thought to be due to the escape of the femic
material outward where it produces the extensive amphibolitiz-
ation of the gneiss.

RCI-1lc2s is a specimen of amphibolite taken six feet

from the main lamprophyric dike. In thin section it is seen
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there, and tne groundmass is sprinkled with femic decommosi-
tion products. Quartz occcurs sparingly as phenochrysts. A

few minute grains of spheune are present as well as a 11i
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Hornblende, chicrite, biotite and limon-~
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Teldspar, which is partislly intergrown with guartz on the

amount from the center

outward in esch spherulite. The gpherulites sometinmes star
frcm & central orthoclase crystal, in otner instances tney
radiate cutward from a point. Between The sgovh

are peculiar feathery intergrowths of quartz and feldspar.

microp

orthoclase & few crys-
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tals of cligoclase are present, the
mass are decomposed remmants of o ne
mainly blesched hormblende. They are clearly of an earlier
They are often includ-
ed within spherulit: A oLlittle quartz cccurs interstitislly
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P Qanyon neav Waleyyile,

Corbaley Canyon from Waterville Plateau. Note the dikes
outeropping as ridges in the gneiss on the righthend
side of the canyon. The large fog-filled valley is

that of the Columbia.
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Fig. 4.- Altered spherulitic granophyre. This type of
opnerulite consists meinly of thin feldspar fibers which
are badly kaolinized. Toward the outer edges of the spheru-

lite it becomes graphic

@

1ly intergrown with quartz. The

o

surrounding groundmass is a fine-grained aggregate of mi-

=)

i d

cropegmatite with a few crystals of quartz. Illedium power.
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granophyre.
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central point

center of The
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nmicropegmatite in spherulitic
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Fig. 8.~ Spongy intergrowths of quartz and orthoclase in

(0js}

spherulitic granophyre.

b doe -

Fig. 9.~ Interstitial micropegmatite filling in the spaces
between hornblende, biotite and andesine crystals in & lam-

prophyre. Lledium power.




Fig. 10.~ Ver;

ders of plag

'y

s
Bl

n

C

(=]

0la]

. 1l.- Resorption micropegmatife along the border

quartz/penochryst in granophyre. The phenog¢hryst has been

PRy

partially resorbed with the formation of micropegmatite along

the edges. High power.



PLATE 10

Fig. 12.- Micropegmatiie starting to develop along the edges
in resorbed patches in an orthoclase crystal (black).

4

The clesr white patch. is a quartz phenochryst. Illedium power.

IMig. 13.- Group of micropegmatite spherulites in granophyre.

Low power.
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Mig. 16.- Large spherulite im granophyre. This type of

¢

spherulite is composed mainly of fine feldspa

shows the black cross of extinction. Nedium power.

Pig. 17.- Injection micropegniatite in zonary andesine crys-

tal. The center of the crystal has been partially resorbed

and gquartz has crystallized out in the cavities. Note the

lighter zone at the edge of the feldspar. Lower power.



PLATE 13

Fig. 18.- Large patch of chlorite in -lamprophyre. Patches

of chlorite and carbonate of this type are common in speci-

men RCI-11.

Fig. 19.- Patch of carbonate in lamprophyre (RCI-11).
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Fig. 22.- Zonary plagioclase in lamprophyre. Iow power.

FMg.23.~ Photomicrog
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