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An Unusually Wide Zone of Ctushing in the Rocks Near
Kettle Falls, Washington

CHARLES D. CAMPBELL
State College of Wa"shington, Pullman

Fielil Eelations sifaight'foliated blue gray gleiss in
The rocks described below occur in rxost places seen, but there are yellow-

a belt about twelve miles long and two vihite streaks and lllack streaks paral'

miles wide, in eastern Ferry County, lei to the foliation. The main gneiss is
Washington. The northeast end of this ccmposed ef clase-set rounded white
belt lies directly across Columbia Riv- leldspars of all sizes up to an inch in
er from the town of Kettle .Falls, . its diameter, but most of ihem under an
further extensions to the northeast be- eighth-inch. These granules are separat_
ing hidden by the schists and quart ed by thin black films along which
zites around the Fa1ls. The southwest the rock carl split to expose their almost
end of the belt lies beneath the quart- metallic luster and a sprlnkling of small
zite and schist of Ohion Ridge.

This belt of crushed rocks forms the gneiss is therelore quite platy, and
southeastern margh ol the ColviUe could almost be called a schist. Its folia-
bathotith,' in this part of its range. Tbe tion ruDs parallel to the contaci be-
contact is narrow between this crushed tween the batholith and the wall rocl(:
border zone and the older metamorphic in this area, the strike is variable nodh'
series, but disappears under the Co_ eas1, and the di! southeast lrom lifteen
lumbia River teuaces near Minl< Creek, to forty degrees.
10 reapDear iust north of Sherm3n In addi l icn to the platy fol iat ion of
Creek. In conirast to the sharp cut out the gneiss, there is a pronounc€d linear
side edge of the crushed zo4e, the in' elcment, or glooving. The grooves are
side edge, or that lacing the center of narrow parallel wrinkles in the black
the intrusion, is gradational into the fjlms, and th€y trend almost due east
uncrushed central parts of the Colvi l te with greater constancy of direct ion than
batholith. The strain phenomena in the that of the plaiy toliation itself. This
lvestern areas ol the batholith, away eastwald trend ol ihe grooving cairier
irom the border, are lestt'icted to warp- ii. obliquely down the dip of the folia-
ing but not crushing of the minerals, tion.
arld cannot be seen in the lie1d. Though The same foliation and lin6ar struc'
the apparent width oJ the zone of crush tdre are found in the light-colored
eflects has been stated as two mi1es, streaks as in the gray gneiss, but many
its true thickness is much less; for the of the narrow black streaks show neith-
ridge-tops mark approximately the roof er, though surrounded by sirongly-
of the batholith, and thus the depth lotiated gneiss,
ol the exposed batholith is limited by Boralers of the Crush€al Zone.
the depth of the vaileys to about three Contacts between gneiss and adj.l-
lbousand feet. No greater thickness of cent quartzites are ol knife-edge sharp'
thc batholith shell was seen anywhere; n€ssi and the foliaticn and textures of
yet even along its rooJ, toward the the gneiss are no different at the con
west, no elfects of crushing could be tact than at a distance from it. The
lound, though thin sections show that same is true of the contact between
even these rochs have been under stress gneiss and quartz biolite schist. Also,

the schistosity of the latter is parallel
to the contact and the foliaticn of the

but sparkling muscovite flakes. The

at some I lme.
Fle ld Appearance of  the Rorks.

The crushed border zone consists of gneiss, bLLt o\r ' in8 to the absgnce oI
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columnar minerals, no linear siructure

is apparent in it. These clean'cut wall-

rock contacts are in contrast to the
gradational inner border 01 the crush

zone.
Stntctures anal Composition ot

the Wall-Rock.
Only the part ol the lvall rocks next

to the border of the batholith are con'

sidered in this section) as they are qulte

dif ferent at a dislance. They i l re a series
of sedimentary roeks and lava flows
'lvhich have suflered sufficient meta-
molphism to convert them into slates'
greenstones and other 1ow_grade meta_
rlorphic rocks. Nexl to the contact,
their bedding is parallel to it. Locally
trhese rocks and the sills included be-
t\i/een them are folded into small over-
turns which lie back against the south-
east-dippiDg contact, and pitch about 50
degrees to the soulhwesl. Folds of simi_
lar orientation were seen in the folia-
+ i ^ h  ^ {  + h .  d h a i e c  i f c a l +

Two sills, larger than the rest, pre-

sent a curious problem. One. about JiJly
feet thick, is separated lrom the batho
lith by two hundred ieet of line grained
qrrartz-biotite schist. The compositlon
and foliated structure ol this sill make
i1s outcrops indistinguishable from
those of the main mass. Above this
sill are a hundred leet of black slate
and thirty feet of fine'grained white
quartzite, then the second sill. This sec
ond si l l ,  i f  i t  real ly i  a sj l l ,  is atso I i f ty
feet thick. Its dense black groundmass

thickly sprihkled with small white feld-
spar crystals) makes it look a little like
some sort of lava such as an andesite,
but the crystals are aligned in bent ard
inteuupted gneissic streaks, and the
rock is full of tiny laults v/hich dis-
place these streaks a fraction ol an inch
or more- Thin sections of this layer, de_
sclibed in more detall on anothe! page,
show apparently that it has the com'
position of granodiorite, and has been
mashed to a remarkable degree.

At its top, this crushed layer grades
ibto fifieen feet of dense glay flinty ma-
terial containing yellow veinlets of the
slme texture and a little pyrite. Above
this a gray limestone which accommo_
dates itself to the blocky top of the
flinty layer. The pojnt to be noted here
is that a hundred-loot layer of hard
roci(, some of it apparently thoroughly
c.-usbed, is sandwiched between soft
Iocks (a l imestone and a slate).

Petrography of the Gneiss.
The majn mass o{ the gneiss seems to

be granodiorite, although estimates of
th€ true mineral proportions aie made
uDcertain by the fine grain ol much of
1he  rock .  Much  o I  i l i e  quc r l z  i s  i n  i r '
regular lenses, up io live millimeters
long. The lenses are aggregates of rag-
ged grains of quartz which will be re-
ferred to as 'sutured quartz because
ol the irregularily of the boundaries be-
tNeen grains. A lew large ragged llakes
ol brown biotite occur' by themselvesj
but most ol the biotite lorms irregular
su'arms ol minute llakes interspersed
v/ith finely gr'anular lelsic materiol.
Locally the biotlte is partially or wl^olly
lurned to chlorite.

The gneiss shows all degrees of crush
efJects, from mortar structure (in which
tbe grains are sprung apalt and granu-
la1,ed on the edges) 10 advanced granu
lation which has reduced the feldspars
to strained and rouudcd rel ics set in a
mixed groundmass of fine particles, su-
tured quartz and one or more micas.
Locally, and occurring together, are
muscovite, garnet grains and apatite;
and although the garnet and apatite
are euhedral, the muscovite is locally
bent arcund other mineral grains or
cuts sharply across the rounded feld
spars, the sutured quarlz and the orner
micas.

White streaks in the gneiss are takeD
to be pegrnatites or splites which have
bcen sheared along wjth the enclosing
Iock. Their textures are now practical ly
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the same as those of th6 darker marn
mass. These light streaks 'lack biotite
and chlorite, but contain more musco_
vite and -garnei than the dark. "

CondlusibnA, ( I .:

From the observatiijns listed above,
i t  is evidenl that a sirong direcled pres
sure Ie{t i ts marls on this Darl of lhe
batholith, southwest oI Kettle I'alls. The
brecciated appearan.e oI the .rocK. the
sl icing and displacement of ' the feld:
spars, the warping of quartz and feld
spa rs  as  shown  by  s l r a i n  shadows .  and
the lens-like grouping of {ine particles
about rounded and strained relic crys_
tals; al l  these are evjdence oi the pres_

sure that has acteC on the Colville
balhol i lh. The. presence oI muscovi le
and garnet suggesir without proving

dynamic metamorphism, as these mid_
erals may bc oI igne4us orjgin.

The  cas t  wes t  s l ceak ing .  o r '  l i ne f l r '
struclure o. l  the gne;ss means that the
d€forming lorce acted in that direction.
Bu t  t he  comp lex i l y  o l  l he  s l r uc lu r cs  i n
the wall  rocks. as yej not wholly worRed
out, necessitates basihg conclusions so
far obtained, bn the evidence of the
b i t ho l i Lh  and  i l .  immed ia lp  en \ i r ons .

The  e \1 r ' eme  c rL rs l ' i ng  u i  t l ^e  ba rho -
lith border must have been the result
either of intrusion pressure continried
through final stages of crystallization,
or of orogenic movernents o{ soine later
date, The uniformity in direction of
the streaking, over wide areas, makes
tbe second alternative more likely. Also,
i t  the fol iat ion was produced by move-
ments of the nearly sol id igneous lnass
as it was {orced into place, the lolds in
tlie adjacenl lvall-rocl<s show thht the
igneous material must have moved east-
ward aDd downward: a condit ion pos-

sible only along the top.side o-[ a tongue-
sl]aped mass being pushed eastward as
a kind of thick sill. here is no inde'
pendent evidence that the batholith is
ol this type. While the superposed
linear and platy structure and -the joint

sets are not out of. harmony with this
eriplanation,' the abundant dikes and
si113 to be expected in the rocks to the
ecstj eire not preseni.. Because of this,
it is thought somewhat more probabie
tha t  t he  t o l i a t i on  and  c rush ing  i n  t he
b - tho l i t h  a re  due  1o  d j s l i nc l l y  ) e te r
folces acting lrom outside the batholith.

Cru.h phenomena of the kjnd dP
scribed above, have been lound in many
palts of the world," including an oc-
currehce in. Washington (a shofi dis-
tance up Columbia River:. from Wenat'
chee\. '  The result inl  rocks. cal led my
l cn i l es .  l r cve  been  Io rmed  a long  d .ep
seated.thrust soles in most of these
places; in very few are there any suih
ll:ge masses ol rocLs involved as in
U]is intrusion bordei near Kett le Fai ls.
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