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Abstract:

Roughly 7,000 feet of Precambrian Belt strata are exposed above the Lewis overthrust in the Many
Glacier area of Glacier National Park east of the continental divide. Be low the overthrust rocks of
Cretaceous age occur. The Pre-Ravalli sequence and Ravalli Group of the Belt Supergroup are
subdivided into and mapped as units of member status using criteria and nomenclature similar to that
used by the Fentons (1937). The only Pre-Ravalli sequence present is the Hell Roaring Member of the
Altyn Formation, which consists of 520 feet of blue-gray, variably sandy dolomite. Overlying the Altyn
is the Appekunny Formation of the Ravalli Group, which is divided into a lower-Singleshot,
middle-Appistoki, and upper-Scenic Point members. The Appekunny consists of roughly 2,200 feet of
green argillite, siltite, and white to gray quartzite. Minor reddish strata occur in the Singleshot Member.
The overlying Grinnell Formation also contains three members: lower-Rising Wolf, middle-Red Gap,
and upper- Rising Bull. The Grinnell consists of 1,800 feet of red argillite and ' white quartzite with the
Red Gap containing very little quartzite. Minor green beds are present throughout. The overlying Siyeh
Formation is the only unit within the Piegan Group and consists of roughly 3,000 feet of dolomite,
limestone and calcareous shale. This formation contains many laterally continuous stromatolite zones
and is divisible into three stratigraphic units; however, it is mapped as an undivided unit. Underlying
the Siyeh is the 150-foot thick Snowslip Formation which here consists of red and green argillite and
quartzite. The youngest exposed Belt in the area is the Shepard Formation. It is comprised of dolomite,
limestone and calcareous shale, only the basal 150 feet are exposed.

The structural features in' the map area, besides the Lewis overthrust, are minor thrusts and associated
zones of small scale folds. The folds appear to be of two main types: folds with southwest dipping axial
planes ("normal") and folds with north or northeast dipping axial planes ("reverse"). Stereonet analysis
of the fold orientation indicate that the "normal" folds are related to the Lewis overthrust, and that the
"reverse" folds are probably related to structural adjustments after thrusting. Stereonet analysis also
reveals that the most probable direction of movement of the Lewis overthrust plate was N 20-30 E. The
mineralogy, lithology, thickness of the Belt, and lack of intense deformation of the overthrust plate
seem to agree with Hubbert and Rubey's (1959) hypothesis that development of abnormal fluid pore
pressure was responsible for thrusting and/or gravity sliding of allocthonous masses of great thickness
and displacement. However, apparent porosities' of quart--zite units studied indicate that they would
have been unsuitable media for development of abnormal fluid pore pressures. Studies of the clay from
the Lewis fault zone by R. C. Wilson (personal communication, 1970) also disagree with the "abnormal
pore pressure" theory.
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ABSTRACT

Roughly 7,000 feet of Precambrian Belt strata are exposed above the
Lewis overthrust in the Many Glacier area of Glacier National Park east
of the continental divide. Below the overthrust rocks of Cretaceous age
occur, The Pre-Ravalli sequence and Ravalli Group of the Belt Supergroup
are subdivided into and mapped as units of member status using criteria
and nomenclature similar to that used by the Fentons (1937). The only
Pre-Ravalli sequence present is the Hell Roaring Member of the Altyn For-
mation, which consists of 520 feet of blue-gray, variably sandy dolomite.
Overlying the Altyn is the Appekunny Formation of the Ravalli Group, which
is divided into a lower-Singleshot, middle-Appistoki, and upper-Scenic
Point members. The Appekunny consists of roughly 2,200 feet of green ar-
gillite, siltite, and white to gray quartzite. WMinor reddish strata '
occur in the Singleshot Member. The overlying Grinnell Formation also
contains three members: lower-Rising Wolf, middle-Red Gap, 'and upper-
Rising Bull. The Grinnell consists of 1,800 feet of red argillite and
white quartzite with the Red Gap containing very little quartzite. Minor
green beds are present throughout. The overlying Siyeh Formation is the
only unit within the Piegan Group and consists of roughly 3,000 feet of
dolomite, limestone and calcareous shale. This formation contains many
laterally continuous stromatolite zones and is divisible into three stra-
tigraphic units; however, it is mapped as an undivided unit. Underlying
the Siyeh is the 150-foot thick Snowslip Formation which here consists of-
red and green argillite and quartzite. The youngest exposed Belt in the
area is the Shepard Formation. It is comprised of dolomite, limestone
and calcareous shale, only the basal 150 feet are exposed. T

The structural features in the map area, besides the Lewis over-
thyrust, are minor thrusts and associated zones of small scale folds. The
folds appear to be of two main types: folds with southwest dipping axial
planes ('"mormal') and folds with north or northeast dipping axial planes
. ("reverse'"). Stereonet analysis of the fold orientation indicate that
the "normal" folds are related to the Lewis overthrust, and that the
"reverse'" folds are probably related to struw tural adjustments after
thrusting. Stereonet analysis also reveals that the most probable direc-
tion of movement of the Lewis overthrust plate was N 20-30 E. The miner-
alogy, lithology, thickness of the Belt, and lack of intense deformation
of the overthrust plate seem to agree with Hubbert and Rubey's (1959)
hypothesis that development of abnormal fluid pore pressure was respon-
sible for thrusting and/or gravity sliding of allocthonous.masses of .
great thickness and displacement. However, apparent porosites of ‘quart- -
. zite units studied indicate that they would have been unsuitable media
for development of abnormal fluid pore pressures., Studies of the clay
from the Lewis fault zone by R. C. Wilson (personal communication, 1970)
also disagree with the "abnormal pore pressure'" theory.




INTRODUCTION

Locati&n

The present report presents data gathered mainiy from the Many
Glacier area Whicﬁ is encompassed by parts of three 7 1/2 minute quad-
rangles (Plate 3) between longitudes 113° 30' W. and 113° 52' 30" W.,
and latitudes 48° 52' N. and 4Sd 52' 30" N. in Glacier National Park,
northwestern Mon£ana. This area includes nearly all of the drainages
of Appekunny, Ptarmigan, Swiftcurrent, Grinnell, and Canyon Creeks.
Its western border is just east of Swiftcurrent Pass, while its eastern
boundary is a line from Wynn Mountai; to the midpoint of Appekunny
Mountain. It extends as far north aé Ptarmigan Tunnel and as far south
as Feather Plume Falls in the Grinﬁell Valley. Nearly all of the field

work was done in this area, however, general reconnaissance in other

parts of the park established areal relationships.

Scope

The data presented in-the presept report were ga&hered méinly
during weekends in the summers of 1968, 1969 and 1970. Mapping was done
at a scale of l;24,000‘using preliminary copies of 7 1l/2-minute quad-
rangle Eopographic sheets published by the U,$5.G.S. in the spring of
1969.

The purpose of the present investigation was fourfold? to present

a more detailed structural picture of the upper plate of the Lewis
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- overthrust as far as the symmetry, directions of movemeﬁt, and age
relations of the deformafion afe'conéerned{ to establish the relation-
ship of minor structural featurés to those of regioﬁalfimportance;

to subdivide and map as formational units parts of the Pre-Ravalli
sequence and Ravalli Group; and to compare the data gathered with
proposed theoretical models.of overthrusgfng.

The first objective is that of the need for increased structural
detail, This is obvious in view of the'scale (1:125,000) and general-
ity of the present published map of Glacier‘National‘Pafk (Ross, 1959).
Any study of symmetry of deformatioq relies upon analygis of minor
structural features such as kink folds, drag folds, minor thrusts,
etc., and tbe-rgcently published 7 1/2—minute quadrangle ‘maps provide‘-
a_convenieﬁt base for these purposes.

Thé second objective résults from the'assumption that the minop
structural fgatures are intrinsically related to major spructural
features of regional importance. The Lewis overthrust is one of the
greatest and earliest discovered thrust faults in western North
America, however, relatively little work has been doneiregarding minor
structu;al.featUres related to it. It was obvious that an attempt
should be made to determine, if possible, whether all of the minor
structures are related to the great thrust, and if so, in what way.
Also, if some of the minor features appear not to be related ‘to the

Lewis overthrust, then a relationship to some other feature of major




b

. structural importance should be sought.

The third objective was undertaken in view of previous work b§
the Fentons (Fenton &vFenton, 1937). .They subdivided the formations
of the Belt Supergroup into units of member status. A mappaBle dif-
ferentiation of the formations of the Belt is neceséary for increased
stratigraphic control in areas of structufal complexity. For the pur- -
poses of this report, onl§ the formatio@s/of the Pre-Ravalli sequence
(Ross, 1963, p. 27) and the Ravalii Group ﬁave been subdivided. It
is hoped that further study of such aspects as the lateral facies
change Withiﬁ the individual members. will be attempted so as to refine
areal and regional correlation of these units.

The fourth objeétive stems from the fact‘that mechanisms and

forces responsible for overthrusting still remain in conjecture. It

seems appropriate that data from the present report be compared to

various established theorétical models of overthrusting and forces

related to them.

Drainage, Relief, and Vegetation

The previously mentioned drainages all flow into Lake Sherburne,
one of the two man-made lakes extending into ﬁhe park. The flow from
Lake Sherburne empties into the St..Mary_River which drains into
Canada and eventually into Hudson Bay.

The maximum relief within the area is 4516 feet, with Lake




75:
Sherburne the lowest point at 4788 feet and Mr. Wilbur the highest
point at 9304 feet. Southﬁest facing slopes tend to be relatively
gentle; the northeast facing slopes are the mést precipitous.
Much of the vegetation in the Swiftcurrent and Grinnell Valleys
Waé,destroyed iﬁ the 1936 fire. éome of the mature trees remain, but

most of the area below treeline is 6ccdpied by brush and. young conifers.

Previoﬁsuinvéstigation

No attempt is made here to provide a complete review 6f all pre-
ﬁgous Work done in Glaciér National Patrk and tﬁe'surrqunding areé;
rather, only those pubiications relevant to the present investigation
are cited. "For a morelgomplete review pf'previous publications caﬁ—
cerning Glacier Park and surrounding areas, oﬁe should.consult Ross's
work (Ross, 1959, p. 4-7).

Willis (1902) was the first to do geological Wprk in Glacier
National Park. He discovered the Lewis o&e?thrust and recognized the
Precambrian age of the rocks now referged to as the Belt Supergroup.
He thought that the Lewis .thrust was an efoéion thrust and that the
Flathead Valley west of the ﬁark‘ﬁas a graben. /

C, L. and M, A; Feﬁton (i93l and 1937) have written several papers
dealing'with organic remains, sedimentary structures, and stratigraphy,
of which only two are here cited.- They subdivided most of the forma-

tions of the Belt Supergroup exposed in the park into units of member

status but did not map them. They also described various sedimentary
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structures and classified many stromatolite zones.

To attempt to provide an added criterion to regional correlation
to Belt stratigraphy, Rezak (1957) described and differentiated eight
stromatolite zones of the two main algal genera. He discussed the
lateral continuity of the zones and included comparisons of the Bélt
stromatolitic morphologies and apparent environments with modern algal
deposits. He also proposeé a slightly different subdivision of the
Siyeh Formétion than that of.thé Fentons.

Ross <l959) has brovided a rather complete summary of the general
geology of the park and adjoining Flgthead region. He discussed the
major structﬁral, stratigraphic; and geomorphic features and mapped
them at a scale of 1:125,000. He chose not to subdivide the formations
of_the Belt as did the Fentons. As a result his de;criptions of the
stratigraphic units are too generalized to be of much use, and his
locations of contacts are fairly inaccurate.

Shelden (l96i, M.S.'thesis, Monténa State College) described the
general geology of.the northwest Ural quadrangle west of Eureka, Montana.
‘He discussed the Belt stratigraphy in detail and thereby providing data
useful in correlation of Belt strata in the area of the present.report
with Belt strata of northwestern Montana,

Childers (1963) discussed the structure and stratigraphy of the
Marias Pass quadrangle. His stratigraphic description resulted in the

definition of three new formation names. He defined the Snowslip Forma-
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tion ﬁmmediately above the Siyeh'Formation and two formations below
the Missoula Group as the Shields Formation and Red Plume Quartzite;
these .two together form his Kintla Group. He established the presence
of the Roosevelt fault and named several other normal faults of the
North Fork normal fault zone. -

Smith and Barnes (19665 proposed regional correlation of the major
carbonate sequences of the Belt Suﬁergroup from Glaqier National Park
to western Montana and Tdaho, They.Cere%ate the PrefRavalli sequence
with the Prichard Formation, the Piegan Group with the Wallace Forma-
tion, and £he Missouia Group with the upper Purcell Series of Canada.

Mudge, Erickson, and Kleinkopf 61968) studied the geology, geo-
physics, and geochemistry of the southeastern part of the Lewis and
Clark Range. Theif stratigraphic description of the Belt provided a
baéis for correlation of the Belt units between that area and the area
of the present report.

Mudge (1970).pr0posed gra?ity slide phenomena as being respbnsible
for the development of the disturbed belt of northwestern Montana and
southern éanada. He stated that the initial decollement took place
at a sediﬁent depth of about 25,000 feet as the result of the develop-
ment of‘éxcess fluid pore pressure at this horizon and ghat the initial
eastward dip of Belt sediments at thé‘timé of sliding was around 8 de-
grees, |

Wilson (1970) ran compression tests on standard clays and clays
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from the Lewis thrust and concluded that no excess fluid pore pressure
was necessary for thrusting or gravitational sliding. He found that
ﬁrevious éompression of the clays alone reduced frictional coefficients
to values éufficiently low for either overthrusting or gravitational

sliding.
STRATIGRAPHY

General Statement

The area studied conFains rocks varying in age from Precambrian
to Recent. .For the purposes of this investigation, only those of
Precambrian age were examingd, and of the Pfecgmbrian, only those of
the Pre—Ravélli sequence and.the Ravalli Gréup of the Belt Supergroup
were studied in detail: The formations of the Ravalli and Pre-Ravalli
were sub&ivided ;ntp member status. using basically the same criteria
as those used by the Fentons (1937); ”Certain differences regarding
the selection of cgntacfs were inevitable, however, due to ‘the gra-
dational charécter of the rocks near thé contacts,

Most of the rocks cropping out in the map area afe carbonates,
argillities, siltites, éna quartzites of the Belt Supergroup. The
olde;t exposed Belt is the Hell Roaring Member of the Altyn Formation,
The youngest exposed Belt in the area is the Shepard Formation, (Plate

3), which lies stratigraphically immediately below the Kintla Gfoup of




Generalized statigraphic section of the Belt Supergroup

Stratigraphic unit

General Lithology

Thick-
ness
Feet

Shepard Fm,

Dolomite, limestone, and

- calcareous argillite and

shale, Dark gray to buff,
Top eroded,

150

Snowslip Fm,

Red and green argillite and
white to gray quartzite.

150

Siyeh Fm,

Piegan Group

Gray to buff dolomite,
limestone, and calcareous
argillite, Contains scat-
tered stomatclites.

Dark gray massive zone of
Conophyton inelinatum

Gray to buff dolomite,
limestones and calcareous
shale and argillite, Con-
tains scattered Collenia
symmetrica,

3,000

Rising Bull
Mbr,

Red argillite and white
quartzite in thin to thick
beds. Contains mud cracks,
ripple marks, and flat
pebble conglomerate.

907

Red Gap Mbr,

Grinnell Fm,

Red, thin bedded,fissile
argillite with minor beds
of white quartzite,

726

Rising Wolf
Mbr.,

Ravaali Gfoup

Red and green argillite
with minor quartzite,

163

Figure 1Ae




Thick-
Stratigraphic unit General Lithology | ness
Feet

Green argillite, siltite,| -
Scenic Point and impure buff to

Mbr. rusty quartzite., Con- | 992
: tains abundant mud chip |
o, conglomerate.
3
g g
O | = Appistoki Green argillite and
ot | > Mbr. » siltite. Minor quartz=-. 688
% g ite.
5|3
24 & Green and maroon argile
<t Singleshot | 1lite and siltite., Bed- -
Mbx, ding thin to thick, 541
: Massive quartzite unit
at base.
Hell Blue=gray to white, thin
Roaring to thick bedded dolo=-" .. 526

Mbr. mite, Top 300 feet
- variably sandy.

Pre-
Ravalli
Altyn Fm.

féult

IFigure 1B,
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Childers (1963, p. l47).

Uhderlyiné the Lewis overthrust are rocks of Cretaceous age. At
Marias Pass, Childers (1963, p. i54) reports subthruét rocks from the
lower Blackleaf Formation of Early Cretaceous age. Exposures of Cre-
taceous rocks below. the thrust iﬁ other.areas (Dry Fork Valley, Roes
éreek, etc.) have beén labeléd‘as Colorado Group (Wilson, R. C.,
personal commuﬁication, 1970). Exposures of the Cretacéous within
the mép aréa are extremely poor:due to the cover.of vegetation and
‘glacial drift. The Cretaceous is undifferentiated (Ku, Plate 3).

Pleistocene glacial deposits, landslides, and talus occupy the
lower portions of the Grinnell, Swiftcurrent, Ptarmigan, and Canyon
Creek'drainages. These deposits are mapped oniy as Quaternary un-

differentiated (Qu, Plate 3).

Pre-Ravalli sequence

Of the Pre-Ravalli sequence, only the Hell Roaring Member of the
Altyn Formation is. present within the map area. The Waterton Forma-
tion (Daly, 1912) is the oldest Precambrian Belt.exposed abové«the
Lewis oﬁerthrust, If was previously gfouped with the Hell Roaring
and Carthew Members within phe Altyn FOImQtion (Fenton & Fenton, 1937),
but has since received formation rank. The Waterton and Altyn Forma-
tions were originally placed in the.Ravalli Group; hqwever, since the
sequence is composed mainly of carbonate, it represents a aepositional

condition sufficiently distinct from those existing during deposition
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of the argillaceous and quartzitic Appekunny and Grinnell Formations
(Smiph and Barnes, 1966, p. 1411-1412) to warrant removing themffrom
the Ravalli Group. The Pre-Ravalli sequencé is the first exposed
carbonate phase of the cyclical Belt sédimentational units. fhe Pre-
Ravalli carbonaté sequence of Glacier National Park has been correlated
with the upper part of the frichard Formation of western Montana and
northern Idaho.(Smith and Barnes, 1966, p. 1410-1413), This carbonate
phase of Pre-Ravalli deposition (Waterton—Alen sequence) has also
been correlated with the type Newland Formation of the Big Belt Moun-
tains. Sheldon (1961, M.S8, thesis, Moﬁtana State College, p. 14)
believed that he found a western "wedge-edge" of the Altyn Formation
which intertongues with the upper part of the‘Pfichard'Formation in
the NOW. Ural quadrangle west of Eureka, Montana,

The Waterton Formafion is reéorted to be composed of dark gray

to reddish dolomites Weathe?ing gray, ;eddish, and buff, The forma-
" tion contains no sand grains and is finely laminated. The maximu@
thickness is approximately 280 feet. This formation is exposed only
in Waterton iakes Park and the southern Clarke Range in Canada (Fenton
and Fenton, 1937, p. 1882-1883).

*  The upper (Carthew) member of the Altyn Formation is estimated to
range from 700-900 feet in thickness (Fenton and Fenton, 1937, p. 1884)2.
It consists of limestones, dolomites, andjquartzites ranging in color

from blue-gray to reddish-brown with bedding thin to thick. This member
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is supposedly eliminated by a "major subsidiary fault" (Willis' second
Lewis thrust) from Yellow Mountain southward. The writer has examined
the strata on Mt. Altyn and Mt. Appekunny, and in most of the Many
Glacier area, and no "second Lewis thrust' (Willis, 1902) was observed.
Secondary thrusting displacing the Altyn and Appekunny Formations is
obvious on Vimy Peak in Waterton Lakes Park and at Scenic foint in the
Two Medicine area, but no major thrusting.withiﬁ this stratigraphic
hgrizon is evident in either the St. Mary of Many Glécier areas. Also;
since the Carthew Member exposed upon the north facé of Yellow Mountain
appears to be only 200-300 feet thick, it is probable that this member
of the Altyn Formation stratigraphically pinches out southward and is

not removed by faulting.

Hell Roaring Member - Tﬁe Hell Roaring Member (Fenton and Fenton, 1937)
is the only pa?t of the Altyn Formation exﬁosed in the Many Glacier
area. A section épp;oximately 520 feet thick was measured (Appendix)
on-the southeast slope of Mt, Altyn. .A sizeable portion of the Hell
Roaring Member is presumably eiiminaéed by the Lewlis overthrust at thisl
locality, since at the type section (Hell Roaring Creek in Waterton
Lakes Park) it is roughly 1200. feet thick, and‘on Divide Mountain south
of St. Mary Lake, the member is also approximately 1200 feet thick. On
the slopes of Mt. Altyn it consists of blue-gray to greenish dolomite

weathering gray, buff, white, and orange. It is variably sandy in all
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but the lowér 106 feet., The bedding varies from thin to thick. The
upper 420 feet, in many places, contain quartz and chert grains up to
10 mm in diameter. Many layers contain irregular stringers of silica
which appear to be fracture filling. Near the top of the member are
several strata containing croés—bedded, sandy lenses. The top of the
Hell Roaring Member is transitional with ‘the overlying Singleshog
Member of the Appekunny Formation as intercalated beds of greenish
argillite and siltite begin to appear near the top of the Altyn. On
the north face of Mt..Wynn, sections of sandy zones of the Hell
Roaring Member are repeated iq a series of fault wedges, however,
the lowest exposures of the Hell Roa?ing Member on Mt. Altyn, about
fi§e miles to the north, are relatively undisturbed and contain no
apparent faults to any magnitﬁde. The Fentons (193i) describe a 20

foot thick bed of dolomite within the upper part of the Hell Roaring

Member which consists mainly of colonies of Collenia columnaris (Col-
lenia frequens, Rezak). In the sectim measured for the present report,

this 20 foot section is absent. Instead, four widely separated stroma-

tolite zones (presumably Collenia frequens) were found, the largest
being two feet thick (see Appendix).

The Fentons (1937) also describe carbonaceous films in the
"dolomitic limestone" just above the Lewls thrust, between Appekunny
and Swiftcurrent Falls as belonging to a zone of Beltina and Morania

antiqua n. sp. This "carbonaceous" zone is reported to be some 200
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feet thick., This zone Was_studied at ﬁoes Creek near Rising Sun Camp-
ground‘where the Altyn Formation is injected with dark slickensided
kaolinite along fractures. The zone near Swiftcurrent Falls is nqt‘
nearly as intensely fractured and does not contain as much dark material,
but the material seems to be the same as that occupying fractures in the
Altyn at Roes C;eek. The material has been determined by X-ray study
to be kaolinite,.with fhe'black color imparted by sulfides (Wilson,.
R.C., 1970, personal communication).

Ih miéroscopié étudy of the Hell Roaring Member, quartz, feldspar,
and chert can be seen tﬁ_comprise as much as 50 per cent of the réck.

Quartz dominates in all sections studied, and the maximum feldspar per-

centage oBserved is 10-12., 'The quarfz in general rangés from 0.4 to
0.8 mm in diameter and is éubangular to subrounded. Much of it appears
ta be "streéched” (Folk, 1968, p. 70) with extremely crenulate internal
boundaries within the-composite grains. Many of the composite grains
have subparallel extinction, and practically all grains exhibit strong-
- ly u@duiose extinction. This suggests a metamorphic source, such as.
the Precémbrian craton to thé east. Most of the quartz grains contain
vacgoles, but with no appérent pattern. Many grains have small'qeedle—
like inclusions thought to be rutile. A féw inclusions of short pris-
matic crystals with high interference colors are possibly zircon, but __

they are too small to yield interference figures.

In the nine thin sections of the Hell Roaring Member that were
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studied, the feldspars appear to be partly sericitized. All the feld-
spar- grains are anhedral and most have ragged boundaries in contact
with the carbonate micro-spar matrix. Some of the feldspar in the
Altyn-Appekunny transition. zone contains -inclusions which appear tq
be micas altered to chlorite. The average grain size of the feldspars
is slightly smaller than that of the quartz grains. Roundness and
sphericity values are also somewhat less for the feldspar grains than
for the quartz. Generally the thin sections contain subequal amounts
of_microcline and Na plagioclése. Some orthoclase has been tentatively
identified, but grains suitable for a Becke line test are lacking.

The chert grains in thin secﬁion average near 3 to 4 per cent of
the rock and are generally larger thén other grains, having-diameters_.
of.up to 3 mm., One section; however, contains as much. as 20 per cent
chert. In this section, the chert appears to have completely replaced
many oolites and is iﬁ various stages of replaciné others. Found also
in this section were frégments of oolitic rock which had been silici-
fied prior to their latest deposition. The roundness and sphericity
generally appear to be lower than for other minerals. .Many of the
grains display reentrant boundaries in contact with the carbonate matrix
and many chert grains have undergone some recrystallization to quartz.

Allochemical conétituents within the rock consist of intraclasts ..
and oolites from 0.2-2,0 mm in diameter. These intraclasts consist of

micrite, and where present, generally comprise from 5-10 percent of the
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rock, One specimen confains about 40 per cent intraclasts. The oolites
most commonly have a nucleus of micro-spar; however, nuclei of silt
sized quartz and chert are not uncommon. Some of the intraclasts aﬁd
oolites have gecrystallized from micrite to spar. The micro-spar
which generaliy makes up the oolites undoubtedly is recrystallized from
micrite.

The matrix is generaily made up of micrite éna micfo—spar, with
the micro-spar being the most abundant. The matrix comprises as much
as 85 per cent of the rock. In some sections, faint traéés of algal
growth lines are present.throughgut the matrig. The'cell'structure of

the algae seems to have been destroyed, possibly by the recrystalliza-

tion of micrite to micro-spar. Sparite occupies as much as 25 per cent
of many thin sections. It %ppears in patcﬁes and may be filling
original pores in some cases; but generally appears to be .crystallizing
from an original micrite matrix. The sparry cement intrudes all de-
trital grain boundaries with which it is in contact. The spar is mostly
about 0.1 mm in diameter orx less; but occurs as coarse as 0.9 mm in |
diameter. It occurs both as anhedral interlocking crystals and euhe-
dral rhombs. In some of the sandier zones the matrix contains an appre-
ciable émount of clay which has undergone partial recrystallization to

sericite., The seric¢ite is present as randomly scattered microlites. -

The last cement formed appears to be quartz as vein filling and

overgrowths.. The sparry cement does not breach the quartz cement
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boundaries but is included within the quartz in veinlets where they are
both pfesent. |

In most of the thin sections studied, there are opaques which are
identified as pyrite W;th hematite as its aiteration product., The
pyrite constituteé as much as 2-3 per cent of the rock and is present.
as both euhédral éubes‘and pyritohedrons of'about 0.1 mm and as dis-
seminated élay sized particles. The euhedral crystals have penetrated
boundaries of original detrital grains, but have not intruded an§ of
the quarté cement or sparite. Therefore, it appears that the forma-
tion or recrystallization of sulfides was the first diagenetic event
to take place éfter dequition. Harrison and Grimes (1970, p. 45)
report that mgst of the sulfides present in Belt rocks are primary de-
trital g%ains} but have undergone varying degrees of diagenetic re-
crystallization. A sequence of diagenetic mineral formation would be
as follows (Figure 3): (1) formatioﬁ of pyfite and ofher sulfides,
'(2) recfystallizatiqn of micrite to micro-spar and sparry cement; and
(3) precipitation of quartz cement in veinlets and aé overgrowths.
The quartz cement may be the result of tectonic deformation since it
appears to be the last cement formed. This paragenetic sequence, in-
cidentally, seems to hold true for all the Appekunny and Grinnell rocks
studied in thin éecﬁipn aé well,

The environment during Hell Roaring time was apparently shallow .

marine with periods of fluctuating wave energy. The presence of intra-
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clasts, oolites, and quartz grains in a micrite matrix iﬁdicates the
mixing of constituents from two different environments. The micrite
had to have been precipitated in relatively quiet waters below effec-
tive wave gase, thle.the quartz and allochems came from shallower,
more agitated waters. Tbe admixing of the products of the two environ-
ments could have taken place by turbidity currents or an increase in
wave energy (via storms) to form the intraclasts and transport the
quartz and allochems to deeper waters Whefe they could settle to the
bottom into the micrite.

The intraclasts were formed in the basin of miéripe deposition
by the same high energy conditions which transported the oolites and
quartz grains.

A possible alterﬁative is that the micrite was deposited in a
quiet lagoonal environﬁeﬁt or broad, shallow, barrie;-protected plat-
form while the oolites.and quartz grains were blo@n or washed. across
the barrier from.the foreshore probably by storms.

The rather simple mineralogy, the limitatibﬁ of detritél grains
to nothing larger than occasional granule, and the fair degree of
rounding of the detrital grains sﬁggest a very low terrane and stream
graéient from aepoéitional site t§ source areas (Harrison and Grimes,
1970, p. i;Z). The sediment was exposed to chemical weathering and re-

working for fairly long periods of time as is indicated by the relative

scarcity of feldspar and complete absence of ferromagnesian minerals.
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The precambrian metamorphic rocks of the Canadian Shield are the likely
source focké and are for the mgst part graniticA(Harfison and Grimes, -
1970, p. 42-43): howevér, even granitic sources generally have associ—
ated ferromagneéian minerals, and were the terrane noé of low relief
and transport slow, they should be present in the sediment. Also
since most granitic rocks contain subeéual amounts of quartz, K-
feldspar, and.plagioclase, the. elimination of feldspar by chemical
weathering has been fairly thorough. Circulation may have been
fairly restricted and reduciﬁg conditions pre@alent at the time of
Hell Roaring deposition as suggested by the presence of-pyrite; however,
the sulfide formation’may only reflect the chemical environment after
deﬁosition_and during diagenesis. -

The Pre-Ravalli sequence is correlated with the Prichard Formation
of western Montana and northern Idaho (Smith and Barnes, 1966, p. 1410-
1411). The dolomite part of the Pre-Ravalli depositional sequence in
Glacier Park represents the eastern eage of the Belt-Purcell basin of
deposition (Smith and Barmes, 1966, p. 1412). Both the Pre-Ravalli
of the_bérk and the Prichard Formationvéontain disseminated sulfides.
‘Sheldon (1961, M.S. thesis, Montana State College) records - finding
carbonate beds which he says répresent the Wesfern wedge;edge'of the

Altyn Formation.

~

Apﬁekunny Formation ' -

Smith and Barnes (1966, p. 1412) have stated that the vertical
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transition from tﬁe Pre-Ravalli sequence to the Ravalli Group repre-
sents é transition from.”an earlier, deeper water, predominantly re-
ducing environment to a later, shallow water, predominantly oxidizing
environment where water circulation was less restricted," The Ravalli
strata are genefalized as '"greenish, reddish, or purpiish (hematitic),
less évenly laminated, lacking pyfite and abundant éarbonate.” The
Appekunny Fofmation as a whole in the Many Glacier area contains dis-
seminated pyr;te and possibly other sulfides throughout its vertical
range. The Appekunny in general consists of greenish and readish
argillites, siltites, and quartziges. It consists of a lower (Single-
shot), middle (Appistoki), and upper (Scenic Point) member. ' In the
map area thg lower twé members do not contain appreciable amounts of -
ripple marks, mud cfagks, or mﬁd breccias. The uppermost member con-
tains gll of these sedimentary features in abundance. Therefore, the
transition from an earlier, deeper water, reducing enviromment to a
shallow water, oxidizing environment may be represented by the two lower
members of the Appekunny. The upper member definitely represents a
shallow water environment. The sulfides present may represent early
diagenesis instead of primary precipitation, since the sulfideé seem
to penetrate all grain boundaries with which they are in contact
(microscopic description); Presence of reddish beds in the Appekﬁnny~

within the map area are confined to the Singleshot Member.
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Singleshot Member -~ The Sinéleshot Mémber (Fenton and Fenton, 1937)
of thg Appekunny Formation is exposed on the lower slopes and cliffs
of Mt, Appekunny, Mt, Altyn, and Mt. Allen. A sectién was measured on
Mfﬁ Altyn (Appendix) where .it is 541 feet thick. At this locality the
Singleshot Member consists of,green and maréon to reddish-brown argill-
ites and siltites with interbedded layers of qﬁartzite. |

‘The basal unit consis£s of a massive white to greenish white,
médium grained quartzite 50 f;et thick. The Fentons (1937, p.i1885)
describe a‘”slight angular.uncbnformity”'between the Altyn and this
unit, but within the map area, no obvious unconformity is present. The
contact with the underlying Altyn appearé gradational with thin !
quartzite beds and argillaceopéidolomite immediately below the quartzite.
The beds of the Singleshot Member are conspiéuously lacking in mud
breccias, ripple mgrks, and mud cracks. The argillites and siltites
commonly contain dark léminae which might be carbonaceoﬁs films. The
Fentons (1937) report that the Singleshot contains these features in
other‘éreas of the park, but none in any appreciable amount were found
in the map area.

fn the thin sections examined the quartz constitutes as much as
62 per cent and as little as 25 pér Eent of the rock. 1In the siltites,
the quartz grains, being silt sized have lower values of sphericity than~—-
that in quartzites, i.e., about 0.5 (using terminology from Krumbein and

Sloss, 1963, p. 111). Roundness of grains is also poor, being around




-23-

0.3. Extinction is straight to undulose, and the grains tend to dis-
play a rude allignment parallel to bedding. 1In the quartzité beds,
the quartz grains have sphericity wvalues of up to 0,6 and roundness
vélues.of Q.S to 0.7. The diameter ranges from .05 to 1.0 mm with the
average being about.0.6_to 0.7 mm, Extinction is geﬁerally undulose
and thefe.are many‘cqmposité and éemi-composite grains, Quite a few
of the composite grains have the crenulate in;ernal boundaries of
stretched me tamorphic type qgartz. Vacuoles afe abundant. Inclusions
of sericite and possibly zircon are preseﬁta Pressure indentations
between grains and overgrowths are common.

The feldspérs were observed to constitute from 3 to 10 per cent of
the quartzitic beds. The roun&ness and sphericity of the grains are )
roughly the same as for quartz. The majority of the grains are rela-
tively unaltered; however, many are almost replaced by sericite. Many
of the grains axe composite with quartz and most have pressure indenta-
tions with other grains. 1In the sections examined plagioclase tends to
dominate in céntent over microcline,

Chert grains comprise about 3 per cent of the éections examined.
They have about the same §phéricity and roundness values as quartz aﬁd
feldspar. In some cases they contain some sericite as inclusions.

Intraclasts from'O.l to 2,0 mm in length were found in one section ..
in the amount of 1-2 per cent. The clasts are spar and micro-spar re-~

i

crystallized from micrite. Some of the clasts are rimmed with chert.
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A mixture of clay, sericite, and fine crystalline spar generally
makes up the matrix, Oné'section contains 75 per cent matrix, Another
specimen contains carbonate only as a matrix, The lowest percentage of
matrix is 25 per cent. The sericite présent appears to be recrystal-
lized from the clay, The spar likewise is a recrystallization product
of micrite.‘ There is almost no micrite left, and the spar is present as
anhedral and euhedral crystals., Both the sericite and the spar pene-
trate grain boundaries, As in the sections of the Hell Roaring Member,
these recrystallization products.penetrate all constituents except the
quartz overgrowths,.

Pyrité and.possibly otherlsulfides exist in the rocks in amounts
as great as 1-2 per ceﬁt.. They occur both as finely disseminated de- )
posits and as cubic crystals of silt size and smaller.

The quartzites of the Singleghot Member indicate a high eﬁergy
environment while the siltites and argillities suggest deposition in
deeper water under quiet conditions. The scarcity of intraclasts, mud
cracks, aﬁd ripple marks indicates that most of the deposition took
placé in a fairly low energy regime. The set of conditions during
Singieshot deposition.would seem to be fairly unique, that is, waves
were of sufficient energy to produce ra;her pure, fairly well sorted
sands yet they were low enoﬁgh.not to produce appreeiable intraclasts, _.
Of course, many of the quartzites and siltites are poorly softed

and contain large clay fractions.
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Appistoki Member —~The Appistoki Member (Fenton and Fenton, 1937)

is a fine grained phase'of the Appekunny. It consists of greenish to
greeﬁish—gray argillites and siltites in thin to thick beds. The beds
weather fusty, buff, tan, and orange. The sequence contains only one
25-foot thick qﬁartzitg unit near the ﬁop. At the top of the member
there is an 8-foot bed of impure sandstones containing flat pebbles,
In discussing the Appistoki, the Fentons (1937, p. 1886).describe the
member as containing abundant mud cracké, ripple marks, and -mud chip
breccias, all of which are rare in the map area. Aside from this dif-
ference their litﬁologic description mﬁtches that of the'Appistoki of
the map area, especially in the relative lack of quartzite. The most i
stfiking unit within the Appistoki is a 116-foot thick silFite'Which is
massive, dafk greenish, and weathers to bgff and orange, the orange
cdlor being the stgiking feature. ‘The Appistoki was not studied in thin
section; however, its siltites and argillifes appear véry similar in

. hand épecimen to the corresponding rock types of the Singleshot Member.
The depositional environment of the Appistoki would seem to be one of
‘sedimentation in quiet waters below effective wave base. The first

signs of shallow water, high energy deposition become evident hear the

top of the Appistoki where it grades into the Scenic Point Member.

Scenic Point Member - On Mt. Altyn nearly 1000 feet of beds assigned

to the Scenic Point Member (Fenton and Fentoﬁ, 1937) have been measured.
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The Fentons (1937, p. 1887) lisf the thickness as ranging from 200 to
700 feet. It is probable that the contact used. by the writer between
the Scenic Point and Appistoki members is lower that than used by the
Fentons., The Scenic.Point Member on Mt. Altyn contains abundant shallow
water features such as mud breccias, mud cracks, ripple marks, and cross
beddiﬁg pracﬁically throughout the member. The lithologic types are
argillaceous, calcareous, sandstones, sandy argillites, siltites, and
argillites, The colors include dark to light green, tan, buff, white
and minor feddish—brown. Bedding thickness is generally thin to medium.
Units which contain impure, variably friable sandstones are interbedded
with aréillites, As a result argillitic beds commonly display sand
grain imprints on bedding surfaces. A thin zone of pyrite molds from
which the pyrite has since Weathéréd out is‘p;esent 150 feet below the
top of the member (Appendix). ALl éhat remains are the jimpressions of
the pyrite cubes and pyritohedrons along with abundant hematites stain-
ing. fhe uppermost 10 feet of;the member.contains intercalated red
argillite, as the contact is gradational, and for the purposes of con~
venient mapping, the contact is drawn at the horizon where the green
color diminishes and red becomes dominant. This contact is undoubtedly
a variable horizon throughout the park., ‘On Grinnell Point the transition
zone frém Appekunny to Grinnell is thickeri At this locality the
thickness from the horizon showing the first red argillite to the

horizon where red becomes dominant is about 50 feet. The variability
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of the thickness of thié zone is to be expected in view of the fact that
some of the beds of the Grinnell have been mottled with green because
of chemical alterations presumably préduced during deformation. Petro~-
graphic analysis was done on specimens: from argillite zones containing
.mud breccias, and:from~zones containing calcareous sandstones. Quartz
grains in the argillites comprise aPproximétely 3-4 per cent of the
rock. Two size grades are present; a size ranging from 2.0 to 0.5 mm
and a size ranging from coarse silt to finer grain sizes. A few grains
contain abundant'vacuolES; most do not. Inclusions and microlites

- {probably rutile) are common, Extinction islétraight to strongly un-
dulose.‘ The sphericity and roundness of the larger size is greater
that that of the smaller size grade.

Intraclasts comprise about 20 per cent of the sections. They are
made up mostly of clay with possibly some disseminated sulfides im-
pérting a dark color. They average about 5 mm in length. They are not
rounded appréciébly and seem not to have traveled greaf distances. When
deposited they apparently were in a semi—copsélidated state as indicated
by their "draping' over the quartz grains in response to coﬁpgction.

The matrix of the argillite breccias constitﬁtes ébout 75 per cent
of the rock, being composed of clay, sericite,.and some carbonate., The
carbonate is present as fine crystalline rhombs of spar that apparently ...
have recrystallized from micrite. Traces 6f pyrite are present as

indistinct blebs, largely altered to hematite.
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The quartz grains'comprise as much as 42 per cent of the sandy
zones of the Scenic Poiﬁt Member, ‘They range from 0.1 to 1.2 mm in
diameter. There are some silt sized grains present in the matrix.

The larger grains have sphericites of 0.7 or better while the smaller
. grains have values of gbout 0.5.‘ The roundness-of the larggr grains
is 0.6 and that of the smaller fraction is 0.4. Vacuoles are abundant,
and extinction is straight.to undulose., Where grains are in contact
with each dther,.thére are pressure identations. Much of the qﬁartz is
composite with both crenulate and straight-intragrain boundaries of the
"stretched" and ”recrystallized“ metamorphic types (Folk, 1968, p. 74).
Overgrowths are relatively abundant. .
- The feldsbars have about the séme morphological relations as the
quartz grains and range‘f?om 0.2 to 6.5 mm in diameter. They Fonsti—
tute up to 10 per cent of the rock.

The chert in the slides studied occupies around 6 pef cent of the
sections. The sphericity averages about 0,7 and the roundness about
0.5. .Grain diameters range from 0.1 to l.3’m1ﬁ° A few chert grains are
composite with sparite intraclasts- indicating formation in a ﬁrevious
environmentAand subsequent reworking.l Also some of the chert contains
disseminated micrite as though";he,chert and‘micrite were precipiﬁated

simultaneously.

Intraclasts are present in amounts of up to 12 per cent. They range

in length from 0.2 to 5.0 mm in long dimension., They consist of both
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micrite and sparite and are wgll rounded. Some of the grains are compo-
site with chert and quartz.

Matrix constitutes up to 30 per cent of the rock and apparently
consisted of clay and[or micrife originally; The micrite ig in various
stages of recrystallizgtion to sparry cement. The cement comprises as
much as 20 per cent of the rock and has penetrated all grain boundaries
with which it is_in contact; The only constituent not intruded by the
sparite is the quértz cement that occurs as overgrowths. “In fact some
of the overgrowths penetrate sparite boundaries.. The paragenetic se-

~quence of diagenetic minerals is the same as that for the Altyn Forma-

tion, that is, the sparite formed by recrystallization. before the quartz

cement was precipitated.

The association of micrite with clasts from a high energy environ-
mént is the same association as in the Hell Roaring Member of the Altyn
Formation, that ié, clasts from a high energy environment havé been trans-
porged to areas of low energy where micrite .was being deposited. Most
of the sands and afgillaceous deposits of the Scenic Point Member re-
flect very shallow water features, such as mud cracks, ripple marks,
mud breccias, etc. The association of clay with grains and intraélasts
suggests a mechanism which either mixes of podrly sorts the constituents.
The fact that sand grains and intraclasts fill many of the cracks in mud
craéked clays and leave imprints on many a?giliite bedding surfaces sug-

gests that the mechanism of deposition had to be of sufficient energy to
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transport the grains énd'inpraclasts to the mud cracked surfaces, yet
be sufficiently gentle so as not to rip up all of the mud. Once the mud
surface was buried,the environment could increase in energy without &is-
turbing the mud cracks. To develop a mud cracked surface, a subaerialiy
exposed mud flat is neéessary. Sand grains from a high energy environ-
men; could be either washed into the mud flat by waves during storms,
or be blown in by the wind, and mixed with intraclasts, p;séibiy develop-

ed from the curled up tops of the mud cracked surfaces.

Grinnell Formation

The main litholégic types of the Grinnell qumatidn in the Glacier
Park area are red argillite and whiﬁe quartzite with minor green argil-
lite, The beds contain‘such sedimentary séructures as flat pebble con-
glomerate, ﬁud crécks, cross beds, ripple marks, and worm burrows., The
Grinnell Has been divided into three members: the Rising Wolf, Red Gép,
and Rising Bull in ascending\ordef. The main feature differentiating
_the members is the relative abundance of quartzite and argillite., The
middle kRed Gap) member is an argillitic phésé with rélative}y little
quartzite. The lower and upper members both have'sizegbie proportions
of quértzite and green argillite.

In a recent letter to the Geologic Names‘Committee from Jack E.
Harrisén of the U,S,! Geological Survey, the name Spokane Formation was

proposed to supercede the Grinnell Formation. This would be the result

of adopting the nomenclature from the Belt Mountains for the eastern
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part of the Belt province, which includes the Glacier Park region. No

change was advocated for the rocks in the Glacier Park regioh strati-

‘graphically below the Grinnell.

Rising Wolf Member - The Rising Wolf Member consists of argillite and
quartzite in subequal.amounts. The argillites are mainly red and green
with green being the dominant color. Various shades of green and.yellow-
green are also present, The argillites also dispiay abundant mud cracks.
The quartzites are pink, green, white, and gray. They display ripple
marks, cross bedding, and flat pebble conglomerates with red and green
argillite clasts, Bedding is éhin to medium. On the Going to the Sun

highway just east of Sunrift Gorge, Rezak (1957, p. 136-137) describes

a 10-inch bed of Collenia undosa near the base of the Grinnell in a
reddish-brown sandstone interbedded with green argillite. So far this
has been the only algal deposit found‘in the Ravalli Group. No such
zone was found in the map area. In the Many Glacier area, the Rising
Wolf appears to form a transitional zone between the greenish, sandy
Appekunny below and the argillaceous Red Gap Member aboye. The greenish
colog\within the éransitidn zone appears to be that of primary reducing
conditions either during or shortly following deposition. Some of the
irregular greenish mottling within dominantly red zones may be the
result of some sort of reduction process during tectonism. A section

163 feet thick was measured on the north slope of Mt, Henkel, The

Fentons (1937) assign from 200 to 700 feet of beds to the Rising Wolf.
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Their contact between ?he Appekunny and the Grinnell is probably
somewhat lower than that used in this study.

Several of the quartzitic beds were studied in thin section, and
the quartz fraction was found to comprise from 78 to 83 per cent of
the rock., The éuarté grains form a.tightly interlocking mosaic with
pressure strain shadows. common. The size range is from medium silt up
to 0.7 mm in diameter. The average sphericity ié about 0.7 and the
roundness about 0.2, Quartz overgrowths are common, and vacuolés are
fairly abundant.

The feldspar is mostly microcline and constitutes around 2 per cent
of the rock in sizes ranging from 0.1 to 0;5 mm; sphericty and roundness
values are 0.5 to 0.4 respectively. Almost all grains are relatively’
unaltered.

Intraclasts comprise approximately é to 9 ﬁer cent of the sections
studied. Théy consist of partially recrystallized, sericitic clay and
range from 0.2 to 4,0 mm in length,

The matrix consists of the same type of recrystallized clay as
that of the intraclasts, It comprises up to 8 per cent of the rock.

Micro-shears are filled with quartz cement which makes up as much
as 2 per cenf of the rock,

The quartzites of the Rising Wolf suggest a high energy environ-
mené. The overall sorting is fair, but the eﬁérgy of the depositional

environment was insufficient to thoroughly wash the same of all clay.
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The original grains were well rounded, but with compaction and tectonic
deformation, the quartz overgrowths have developed and greatly reduced

the roundness.

Red Gap Member - A section of the Red Gap Member 726 feet thick was
measured on.the'south slope of Mt. Henkel and consists of red, fissile,
thin bedded argillites and minor white, thin to medium bedded quartzites
containing ripple marks, cross bedding, and-flat pebble conglomerates
with red argillite intraclasts., The red argillite contains abundant
flat mud{cfack polygoﬁs. There are zones of minor green argillite which
appear to represent a reduction of the hematite at some time after lithi-
fication., This could have happened either during diagenesis or as a
result qf tectonic deform;tion. The green generally is present as ir-
regulaf mgttling and appears to spread outward from sandy layers and
certain bedding planes. The quartzite in this membef is much less

abundant as'compared with the Rising Wolf and the Rising Bull members.

- It would seem that a mud flat environment with subaerial exposure pre-

vailed throughout most of the time during which the Red Gap was deposited
with changes of only minor duration facilitating deposition of sandstones.
Both the lower and upper contacts are transitional. The upper contact

is placed where quartzite becomes a prominent rock type.

Rising Bull Member - The Rising Bull Member (Fenton and Fenton, 1937)

was also measured on the south siope of Mt. Henkel, It includes 907




plagioclase

micrite

microcline

Figure 3. Generalized diagram of microscopic grain relationships
typical of the Pre-Ravalli sequence and Ravalli Group. Also
shows paragenetic relationship of diagenetic or secondary
minerals.
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feet of?red and green argillite and quartzite, The red color is dom-
inant, ;Argillites are thin to medium bedded and contain mud cracks,
ripple ﬁgrks, worm burrows, and cross beds. The quartzite is white,
pink, gray, and green. The beds are thin.to thick and contain flat
pebblg conglomerates, cross bedding, ripé&e marks, and mud cracks.
The uppericontact is gradational with the Siyeh Formation., The 50 feet'
of beds immediately above the Rising Bull consist of greenish, calcar-
eous argillites and may be the eastern wedge edge éf the Werner Peak
Formation of- the Whitefish Range. |
Several of the quartzit§ beds wefe examined ﬁicroscopically. The
quartz fraction wés_observed to comprise from 62 to 96 per cent of the
sections and ranges from less than O.i mm té as much as 2,0 mm in di-
ameter. The grain sphericity ranges from 0.3 to 0.8 with an average of
about 0.6. The roundness values range from 0,1 &Q 0.7 with an average
of about 0.5; The smaller silt sized grains, as would be expected,
haﬁe the lower values. Extinétion is generally undulose. Many sections
have quartz with well developed strain shadows and a tightly inter-
locking mosaic in those with upward of 80 per cent quartz grains. The
Rising Bull Member contains the only Belt strata examined that tend
goward puf; quartzites. The quartz.grains in general contain abundant
vacuoles, ;ome in strings within the grains. Composite grains and
gvergrowths are common, Inclusions are fair}y common, A few inclu-

sions were tentatively identified as tourmaline and apatite. Most of
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the grains, as in the units previously discussed, reflect the meta-
morphic source rock of thé Precambrian craton.

The feldspars appear to make up only about 6 per cent of the total
rock, Microcline tends to dominate., The size ranges from less than
0.1 to 1.2 mm in diameter. Sphericity values average about 0.6 and
" roundness.aboué 0.5. Most grains appear only slightly altered, but a
few are extensively sericitized,

Very few speciméns contain chert in amounts of up to 1 per cent
of the rock. Only one section examinedvcontainé intraclasts. It has
about 11 per cent intraclasts of 0.2 to 5.0 mm in diameter which consist
of argillaceous micrite with some hematite,

Matrix material is generally negligible, but does in a few cases
compriée as much as 15 percent 6f the rock, It consigts of clay and
micrite which is in thé process of.recrystallizing to spar. '

The cement is mostly spar in quantaties ranging from 3 to 30 per
cent. Its crystal size ranges from 0.1 to 0.4 mm in diameter. It is
not associated with a micrite matrix, so it could have been introduced
as a cement filling pore spaces instead of being generated from a
micrite., The sparry cement penetrates the boundaries of all constitu-
ents except the quartz cement which occurs‘as overgrowths and some vein-
lets,” The quartz cement penetrates spar boundaries.

A few disseminated sulfides were noticed in one specimen in quan=-

tites less than 1 per cent of the whole.




Figure 4. Typical flat-pebble conglomerate of the Rising Bull
Member of the Grinnell Formation showing intraclasts of
red argillite in a quartzite matrix.
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The degree of size sorting, lack of ﬁatrik in the quartzite beds,
and the relative lack of feldspar suggests-that a high energy environ-
ment (possibly beach) brevailed tﬁroughout much of Rising.Bull time
and that a fairly p%olonged period of reworking of sands took place.

The grains és origina}ly_deposited were much rounder than after over-

- growth developﬁent, and in many cases, the 6rigina1 deposit coﬁld have
been called a mature othroquartzite, Mést of the quartzitic portions

of the member were surely the products of a very high energy regime as
attested to by the size of some of the argillite intraclasts, many being
pebble size. The transition from Griﬁnell deposition to that of the
Siyeh carbonate indiéates a gradual average deepening of the water

even though extremely shallow water structures are common in the lower

Siyeh,

Piegan Grouﬁ ‘ .-

The Piegan Group of Glacier Park contains only the Siyeh Forma-
tion, and strictly speaking, cannot be called a group. Ross (1963,
pP. 29), however, believed that further mapping would enable workers to

divide it into new formations, and therefore he retained the group name.

Siyeh Formation

The Siyeh Formation of the Glacier Park region has been correlated..
with the Wallace Formation of northern Idaho and western Montana and the

Helena Formation of the Big Belt Mountains (Smith and Barnes, 1966,
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p. 1410).
The Siyeh has been divided into members or zones by different

. authors using different lithologié and paléontologic criteria. The
Fentons (1937) differentiaﬁed four members, Childers (1963) and Rezak
(1957) both described three zones. Their zones differ only in that the
middle gnit of Childers contains part of Rezak's lower unit. For the
purposes of this paper it seems that Rezak's subdivision is the more
useful. His lower unit is some 2500 to 3000.feet t;hick° In the map
.area, the rocks corresponding to Rezak's lower member consist of
argillaceous dolomite and‘iimestone, oolitic limeséone and dolomite,

intraformational limestone conglomerate, sandy dolomite and limestone,

and dolomitic and calcareous quartzite. The bedding ranges from thin
to thick and the colors vary from blue-gray to buff. Scattered spora-
dically through the sequence are colonies of stromatolites, most of

which are probably Collenia symmetrica, Many beds of limestone and

dolomite containing 'molar toofh” structure are comnon, One specimen

of intraclastic, oolitic limestone was examined miéroscopically. It
contains about 60 per cent clasts and 40 per cent matrix. The clasts

are micrite intraclasts and oolites, Many of the intraclasts have rims
of chert. _The oolites have nuclei of micrite, chert; and composite

chert and micrite. Most of the micrite nuclei appear to have been intra-
clasts originally and later to have become‘ﬁhe oolite nuclei, Most of

the matrix is now recrystallized to spar from micrite. A few quartz
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grains of fine samd size are present.

Thg miadle zone of the Siyeh is a massive blue-gray micrite unit
roughly 100 feet thick which is known as the Conophyton zone, The.zone

is very distinctive as it is always a cliff forming unit. The zone is

comprised mainly of colonies of Conophyﬁon inclinatum with minor

colonies of Collenia frequens, Collemia multiflabella, and Cryptozoan

occidentale (Rezak, 1957, p. 138).

The upper zone is very similar to the léwer, consisting of the same
sort of impure dolomite and limestone, oolitic and intraclastic lime-
stone, and dplomitié and calcareo;s argillite, Several zones of Coll-

enia multiflabella are present within this unit (Rezak, 1957, p. 138).

The upper contact is gradational with the oveflying Snoﬁslip‘Formétioﬁf
The fiegan Groub boundary is placed_ét the base of the Snowslip because
the change in rock type indicates a significant change of depositional
environment., To the west where the argillaceous Snowslip grades into
carbonate deposits, the upper boundary of‘the Piegaﬁ is placed at the
I'top of the Shepard Formation (Smith and Bérnes,li966, p; 1421), a sig-

nificantly higher stratigraphic position,

Snowslip Formation

Rocks of the Snowslip Formation (Childers, 1963) are exposed in
the map area only at Swiftcurrent Pass., The beds consist of approx- -
imately lSO.feet of red and green argillité.and quartzite. Mud cracks;

ripple marks, and some mud breccias occur commonly. At Marias Pass,
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Childers measured some 1400‘feet of beds assigned to the Snowslip For-
mation, The formation thins rapidly northward and is no longer a map-
able unit at the intgrnafional boundary. The Fentons (1937) mistakenly
correlated this unit with the Spokane Shale of the Big Belt Mountains.
The upper contact is gradational into the overlying calcareous

argillites and impure limestones of the Shepard Formation.

Shepard Formation

Only a small ﬁart of the base of the Shepard Formation is exposed
in the map area, at Swiftcurrent Pass and on the summit of Mt. Wilbur.
Exposures consist of greenish and grayish calcareous shale and argil-
" laceous limestone and dolomite. Some clayey, calcareous sandstone is
also‘present; The base is transitiaﬁal upward into the upper Shepard

which is lithologically similar to the Siyeh.

" Precambrian Intrusive Rocks

Within the Many Glacier area, two forms of intrusve rocks occur:
'dikes'and'sills, both of gabbroic cbmpoéition (Rass,.1959, p. 56).
On the facé of Mt;.Gould; just south of the map area, a dafk sill about
50 feet thick is made conspicuous by white alteration bands in the Siyeh
Formation above and below. The sill in most places appears to have been
metamorphosed slightly or to have undergone an unorthodox style of late

stage crystallization. In many places, the rock is slightly pink with

iR

K-feldspar. The rock is generally medium to fine crystalline, but
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varies in crystal size and texture with the locality. Also conspic-
uous in much of the rock is a greenish alteration product which is
tentatively identifigd as epidote. The sill is exposed on Mt, Grinnell
just belowithe Conoéhyton zone of the Siyeh. At Ehis locality, the sill
splits inté severai sills which are laterally discontinuous; At Swift-~
current Pass, the sill"ascents.from below.the Conophyton zone fo a
horizon just below the base of the Snowslip and continues northward at
this horizon.

_The dikes observed within the map area are of diabasic texture anq
.are much altered especiqlly at their contacts with host rock. A dike
cuts through ghe.nortﬁ shoulder of Mt., Wilbur and the Ptarmigan Wall
just west éf iceberg Lake, Grinneil.Point is also cut in two places‘t—
by the diabase as is discussed later in the report, and Mt. Allen is
crossed by a dike near its northgrnmost extension (fiate'Bj. The dikes
vary in width from 10 to 30 feet or so.’ Coéper mineralization is
ésséciated Witﬁ the dikes, and abandoned mines are present on.fhe north
‘shoulder of Mt. Wilbur and on the southeast_side of Grinnellngint at
the exposure of the southernmost dike. Large crystals of calcite are
associated with the contécts.‘ The only copper mineral.personally

observed was bornite in the dike rock.

Cretaceous
Exposures of Cretaceous rocks within the map area are poor due

to glacial and vegetative cover. Exposures outside the map argé along

-
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Kennedy Creek and Roes Creek ha&e been wvisited, ‘At both sités, black
_fissile shales were found. At Roes Creek,,vélcanic, bioclastic sand-
stones were also prgseqf containing abundant ga;tropods and pelecypods.
The Beds at ﬁoes Creek are immediétely below the Lewis thrust plate

and were determined by R,C, Wilson (persopal communication, 19705 to

be Colorado Group. Childers (1963, p. 154) report; stfata of the
Blackleaf Formation of Farly Cretaceous age.Below the thrust at Mafias
Pass., At both- localities personally viéitéd by the Writér, the beds
were highly contorted and bedding lafgely indistinguishable‘in the

black shale.

fleistbcene—Quaternary

| Mantle of glacial debris, landsiides, stream deposits, and talus
forms the Recent and Pleistocége alluvium or colluvium. Glacial
debris fills the lower reaches of the_va;leys of Ptarmigan, Swift-
current, Grinne}l, and Canyoﬁ Creek. Landsliﬁe material is present
. along_Canyon Creek near the mouth of its canyon. Talus is present
boph in parts of the 1ow§r valleys and higher up on the ﬁountain
flaﬁks. .Receﬁt stream and lake déposits, of course, occupy thgllowest
elevations of the valleyé. Very little study was given to these depo-.
sits and conséquently they are all mapped together as Qu, and then

only where those deposits are of significant thickness and breadth,

~
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Possible additional methods of Belt correlation

Since most of the individual beds with;n members and formations
of the Belt are commonl& discontinuous over distances of tens of miles,
the contacts of these units are not time stratigraphic boundaries
but depend only ﬁpon lithologic characteristics, Suitable time marker
beds generélly have not been found.within the Belt., One such useful
time stratigraphic unit that dpes exist is the Purcell Basalt flow which
has been used to correlate other units (Smith and Barnes, 1966, p. 1403)
on a regional scale, This unit is within the base of the Shepard Férf

mation at Swiftcurrent Pass, but does not appear to be present within

.the Shepard a few miles east of this point near the summit of Mt.

Wilbur, Another possible key to regional time stratigfaphic correla-
tion may lie.in greater .subdivision and lgteral tracing of stromato-
lite zones within the Siyeh Formation,

A further tool which could possigzy provide precise location of
time boundariés is péleomagnetism. Norris %nd Black (1961, p. 933-935),
using samples froﬁ the Kintla Formation of the Flathead ana élarke
Ranges in Canada, have conducted a paleomagnefic study with rgddish,
Hematitic quartzites. They recorded a few magnetic pole reversals
within certain units of the Kintla. If magnetic reversals are common
within the Belt, they'could be used in differentiating time étratigra—__
phic boundaries. Aésuming such reversélg migﬁt exist in Belt rocks,

~

paleomagnetic studies could conceivably be conducted within the Glacier
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Park area since most of the stratigraphic units there contain at least
some hematitc quartzite or sandstone. Reddish argillites should also
be suitable since they contain fine grained hematite,

STRUCTURE

General Statement

. The Lewis and Livingstone Ranges of Glacier National Park lie
withip the structuraligeologic province known as the Front Ranges
-(Bally, Gordy, and Stewart, 1966, p. 343). This subdivision of the
_.regién is characterized by thrust sheets, commonly in imbricate arran-
gement, dippiﬁg westward, generally involving Paleozoic carbonates éné/

or Precambrian Belt carbonate and clastic rocks. The area to the

east of the Front Ranges, a small portion of which is within the

-

boundaries of the park, is known as the Foothills, or structurally,
the disturbed belt. The Foothills are characterized by Paleozoic and
highly deformed Mesozoic strata in&élved'invimbricape thrﬁst faults
dipping éoWard the §oqthwest. The area as a whole is‘underlain by
the westward continuation of the gently southwesterly dipping top of
£hé basement of the Canadian Shield, which is relatively undisturbed
(Bally, Gordy, and Stewa;t; 1966, p; 343).

The area mapped for this report (Plate 1) is jdst southeast of

-~

the middle portion of the northeast facing Clarke Range salient
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Plate 2. Tectonic map of the Many Glacier area.
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(Clarke, 1954). The margiﬁ of this salient in Glacier Park extends

along theﬂnortheast mgrgin of the Lewis Range. Northward in Canada the
margin parallels the northeastern limit of the Clarke Range. The map area
approximately borders the trace of the Lewis thrust and extends some 10

miles to the west. K The two structural features of greatest significance

in the Glacier Park area are thelLewis overthrust and the North Fork nor-
mal fault (Wiilis,il902). Childers (1963) suggested that Willis' name
(North Fork fault) be raised’to group or zone status since the North Fork
_ fault Wés.in actuality "a complex of bifurcating and en ephglon faults,
commonly with associated antithetic faults" (Childefs, 19632'p.'159).
Presumably the Roosevelt fault (Clapp and Deiss, 1931) is one of the en
'echelon faults within the North Fork.faplt zone. Some coﬁfusion exists
betwéen geologists as to which structure the term "Flathead fault" refers;
The Canaéians refer to Willis' ﬁorth Fork fault as the Flathead fault,
" but Clapp (1932) named the normal fault.éh the west side of the Flathead
'Range the Fléthead fault. The trend of the fault zone as determined by
Ross (1959, p. 87) r;nges befween N 20 W and N 45 W. The strike éf the
Blacktail fault (one of the component faults of the zoné in the'Marias
Pass quadrangle) is about N 50 W (Childers, 1963, p. 159). The faults
comprising this complex are.regarded to have individual stratigraphic -
‘separations varying from 2,000 to 14,000 feetf An interpretation by o

Bally, Gordy, and Stewart (1966, p. 354-355) based on geophysical data

postulates that the Flathead fault is a listric (fault merging with
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bedding plahe at depth) normal fault that merges with the Lewis thrust
at depth. This implies that the thrust platé has been "stretched" after
emplacement. This normal fault zone crops out some 40 miles west of the
map area, but appears to bear a genetic relatioﬁship éo many of the
structures that are present within the area.

To the east of the th¥ust there are presumably imbricate thrusts
and highly'conﬁorfed structures within the Cretaceous rocks as in areas
examined by previous authorsi however, due to extremely limited out-
érops, y?rtually-all of the structures examined in this study were in

the Belt rocks of the thrust plate (Plate 2).

Many Glacier area

Immediately West‘of the thrust trace are subsidiary thrusts with
associated'kink and'drgg folds. These faults undoubtedly ha%e dis-
placements of at least hundreds of feet _since they bound intricately
sheared and déférmed'wedges éf the ﬁeli Roaring Member of the Altyn
Formation. Actual amount of movement along these thrust planes Woﬁld
.be extremely difficult to establish due to qomplexity of deformation,

Furthér west throughout the entire map area occur zones of secon-
dary .faulting and associated folding. Many of the fold zones are associ-
ated with small scale fhrusts. Both low and high angle thrusts occur.

In the extreme Qestern pbrtion of the map area there exists a very
continuous low angle thfﬁst with associated schuppen structure. This

fault can be traced through the map area and at least 20 miles further
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to the north. Several lafge scale anticlines are also present within

the thrust plate. Their trénd varies roughly from N 30 W to N 70 W

and the steep limBs are to the northeast. Amplitudes vary from hundreds

to thousands of feet. |
’Throughout the map area there exists a conjugate system of fractures

whose trend and attitude varies with rock type. No important tear

faults were observed in the overthrust plate in the area examined.

Lewis Thrust Fault.

Thé'Lewis overthrust was first described by Bailey Willis (1902,
p.‘331). It extends from as far as‘9O miles north of the Clarke Range
to 40 miles southeast of Marias Pass (Clapp, 1932). The surface trace
of the thrust can be fdllowed for more thén 12 miles from northeast to.
southwest through'ﬁarias, a direction transverse té general trend of the
trace. Displacement is estimated at more than 40 miles to the northeast
(Erdmann, 1947; Daly, 1912). The spratigraphic separétion at Marias
Pass'i; in the neighborhood of 20,000 feet. At this point, beés of the
Precambrian Aépekunny Formatioﬁ overlie rocks of the Cretaceous Kootenal
and lower Blackleaf Formation (Childers, 1963, pl. 1, p. 157). To the
north in Glacier National Park, the separation is even greater, since
beds of the Waterton Formation overlie Upper Cretaceous rocks. 1In the'map
area, the lowest strata of the overthrust plate are the Hell Roaring —-

Member of the Altyn Formation. The age of the Lewis overthrust is

probably younger than Paleocene (Russell and Landes, 1940, p. 93).
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In the map area, the thrust contact can be located between expo-
sures approximately 209 feet apart. At Rising Sun, the fault contact
"can be limited by exposures 50 feet apart. The average strike of the
thrust is appgoximately N 30 W (Ross, 1959, p. 76). As roughly
determined from graphical calculatiop, the strike of the thrust in the
map area is in accordance with Ross's figure. The dip of the thrust
varies‘along its trace in the park; from nearly horizontal to as mﬁch
as 20 degrees, but within the map area, the dip is estimated at less
than iQ degrees to the southwest.. The thrust contact is at. the base
of Mt, Appekunny near the northern border of the map atrea (Plate 1).
It extends‘soﬁphwestward.along the base of Mt, A}tyn to'a point just

y

east of Many Glacier Hotel; and then southeastward along the base of -
ME. Allen and Mt. Wynn. jus; above the.thrus; on Mt. Wynn, the Altyn
Formation is faulted into a number of'wedges or slices about 50 to 100
feet thick. The same relationship of the sliced zone to the overlying
rocks is present north of the map area on fhe lower half of Chief Moun-
tain and through the bulk of Yellow Mountain. Elsewhere.in the map
area, there are no fault wedges or slices in the rocks immediaéely over-
lying the thrust . The angle of the intersection between the thrust
and\overlying.beds averages less than 5 degrees. North of the map area
along the interna£ional boundary, relatively high angle shearing is pre-
valent with intersection angles of lé to 19 degrees (Childers, 1963, h

p. 157). As far as the configuration of the thrust is concerned, it~

is a relatively planar feature in the Many Glacier area. There appear
7
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to be no folds in the thrust surface, but at the southern end of the
Lewis Range broad, open, southwest plunging folds in the Lewis thrust
surface are partly responsible for the reentrant in the thrust trace

at Marias Pass (Childers, 1963, p. 158).

Structural features above the Lewis overthrust - Ross'(l959, p. 81-83)
refers to the thrust plate as "a mass of competent strata that would
yield reluctantly to deformative stresses." He points out that the
first impreséion one geéts of gently southwesterly dipping beds is not
quite the case and proceeds to deséribe a prominent syncline stretching
froﬁ Boulder Pass south to near Tinkham Mountain, & distance of almost
40 miles, This str@ctu?al feature is approximately 10 miles wide where
it crosses'West Flgttép Mountainiwith a trend of N 48 W. 1t is a rather
shallow st?ucture with beds on either flank having dips of up to 30
degrees (Ross, 1959, pl. 1). It is bordered on both sides by poorly
defined anticlinoria, with the beds to the southwest beiné‘the most
highly deformed with intricate crumpling and thrusting common . In
reference to fold zones to the northeast of this syncline, Ross states
(1959, p. 81-83): "East:of the major syncline the folds in éhe com-
pouﬂd anticline are-open. ﬁo extensive zonés of crumpled or overturﬁed
beds are recorded oﬁtside of the locally thick zones of fracture con-

stituting the Lewis overthrust itself. Local crinkles and minor thrusts

o~

are present...'
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The secondary thrusts described as "minor" are admittedly so in
displacement, however, there are many'that are continuous over fairly
long distances, the longest seen béing some 26 miles. The zones of
secondary folding to the northeast of the major syncline are in many
cases traceable.for several thousand feet along mountainsides. The
individual folds within these zones may range in amplitude from a few
inches to more than a hundred feet. These zones are indeed not so pro-
nounced as those comprising the anticlinorium to the west of the m%jor
syngline; bu£ they can hardly be passed off as unimportant "local
crinkles". They age, howeve;, fairly subtle'in topographic expression
in many-cases,.and have not been pfeviously recorded.

The preceding general description of minor thrusts and zones of ~
folding is chafactéristic,not only of the map area, but of all areas
visited_north.and south of the area in a direction'parallel to the

major syncline.

" These zones are commonly associated with southwest dipping thrusts of

Secondary folds

Areal distribution « The folds in the block overlying the Lewis thrust
plane in the map area are, as previously stated, generally not singular

folds of great amplitude; but occur as scattered zones of smaller folds.

small displacement. 1In fact many of the'secondary faults are sheared,

overturned anticlines. The folds within these zones vary in amplitude




Figure 5. Secondary drag folds from the fold zone associated
with the upper thrust fault on the southeast slope of
Grimnell Point.
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from a very few inches to as much as 100 feet. They are generally
asymettrically overturned toward the northeast and have southwest dipping
axial planes.

The. most prominent and continuous zones found in the map area are

-]

on Gfinn?ll Point. THere are two zones of secondary folding which trace
diagonarélines up the point towafds the northeasf. The more southwesterly
of these zones is well exposed juét above the trail to Grinnell Glacier
about a fgnth of a mile before the first switchback., This fold zéne

is associated with a secondary thrust of small displacement (Figure 6).
The zonemfollows a diagonal trace to the top of the ridge and shows a
dip of approximately 40 degrees to the southwest. The thrust associ-
ated-with this zone is mapped since the displacement is greater on the )
north side of the ridge and bécause the fault is so continuous.

The second prominent zone on Grinnell Point is roughly parallel to
that previously described, but liés approximately 1/4 mile northeast,
Other smaller scattered zones occur on Grinnell Point such as those
associated with several minor‘thrusts of very small displacement near
the base of the easternmost diabase dike that crosses Grinnell Point.
These scaftered zones are not mapped because of their limited linear
extent.

Anothér zone of kink and drag‘folds is well displayed low .on the

southeast shoulder of Mt. Wilbur just north of the easternmost of the

Bullhead Lakes. This zone is similar to others, but possesses no appar-




Figure 6. Upper thrust fault on southeast slope of Grinnell
Point. Person standing on thrust plane.
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ent relation to a thrust fault., It is possible that this zone may be a
continuation of the zones on Grinnell Point, but evidence és obscured
by foliage and glacial outwash of the Swiftcurrent Valley. This =zone
is part of the southwest limb of the Mt. Wilbur anticline which will be
discussed later.

Anothér fold zone in the iower Siyéh Formation is.exposed in the
headwall of the cirque south of theusouthernmost switchback on the
Swiftcurrent Pass trail., This zone is readily visible from the trail
and consists of both large. and sﬁall kink foldél the largest being
about 30 feet in aﬁplitude.

Another fold zone in the lower Siyeh Formation is exposed above

the trail to Iceberg Lake about 1/2 mile ébove the junction of the
Ptarmigan Tunnel trail, All the remaining maépable fold zones are
associated with secondary thrust‘faults. The only fault in the map area
%hich apparently lacks associated folds is the low angle thrust ex-
posed ;n the Ptarmigan Wall and about halfway up the cliffs of Mt,
Wilbur in the lower Siyeh. This fault will be discussed in detail

later.

Directional relafionships - As previously stated, most of the individual
folds within the zones described have southwest dipping axial planes.
However, an appreciable number have north or northeast dipping axial

planes. Some 250 individual folds were studied for orientation of




Figure 7. Small kink folds in fold zone,. From zone associated
with upper thrust fault on Grinnell Point.




.randomly scattered. The average strike for those folds with southwest
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axial planes and axes. 'Thé orientation of axial planes were then
plotted on stereonet overlays (Figures 8, 9 and 10) to determine the
existence of possible patteiné and genetic relations of the two types
of individual folds. Within any ;pecific zone of the folding, many of
the folds with southwest dippiné gxial planes tend toward the same
orientation, so commonly as many as five or six orientation readings
were averaged. As.a result, only about 50 readings were plotted in.
Figure 8. 1Inspection of Fiéure 8 reveals a dominant pattérn in the
spacing of poles to axial planes'wherein soﬁthwestfdipping axial planes
show a definite.grouping. The poles from the folds with north to north-
west dipping axial planes show no.sgch'grouping, but are more or less
dipping axial planes is N 26 W and for those with no£th or northeast
dip is N 3'W. The apparent random scattering of poles to axial planes
of north or northeast dip may or maylnot be'reél. It is certain that
they do not group as well as those with southwesterly dip, but they may
have some as yet undefined pattern. The lack of an established pattern
may be due in part to.thé fagt that relati&ely few folds with axiai
planes of northeast dip exist compared with the number of folds with
axial planes of southwest dip, i.e. a larger numsef of measurements of

these might yield some subgroups. _




%

Figure 8. Stereonet plot of poles to axial planes
of folds showing noticeable grouping of
"normal" folds in the southwest quadrant.




Figure 9. Stereographic projection of strikes
of axial planes ("normal folds").

-

Figure 10. Stereographic projection of strikes
of axial planes ("reverse folds").
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Secondary Faults

In considering the complex fault wedges in the lower Altyn Forma-
tion above the Lewis overthrust, difficulty arises in deciding whether
these faults belong to the Lewis fault zone or are to be considered as
indiyidual secondary thrusts.. The question is admittedly a matter of
choice, and the fact remains that these faults in the lower strata
immediately overlying the thrust are probably directly related to the
main thrust movement. Within the map afea, the faulting just above the
th?ust is unsystematic and includes both steep and shallow dipping
fault planes. Many of the fault surfaces are irregular and seem to hgve
been folded. Within the map area of Mt. Wynn, there are no fault
wedges within the Altyn Formation. This is because the thrust trace
on Mt., Altyn, Mt. Allen, and most of Mt., Appekunny lies west of the zone
in whiEh the hanging Wall or thrust plate strata are intensely deformed.
The zone of intense deformation of strata immediately above the Lewis
fault trace generally dies out within a few miles laterally (to the
Qest) and within a few hundred feet vertically. This is, of course,
not the case in Waterton Lakes Park where adotﬁer ma jor thrust overlies

the Lewis thrust,

Grinnell Point - On Grinnell Point, there are two prominent faults.
Both are reverse faults; the upper fault being associated with the uppef
zone of secondary folding previously described (Figure 5)., The appar-

ent dip is around 20 to 30 degrees to the southwest where well exposed,
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but this tends to vary. As depictéd by Figure 6, the displacement is
negligible at this.poiﬁt; hoﬁever, the thrust fault associated with the
upper zoﬂe of folding on the northwest side of Grinnell Point has a dis-
placement of about 20 feet and a dip of 40 degrees to the/southwest.

Within this zone’of<f6iding, there exists numerous gmaller and less
continuous faults and it‘is less than probable thatithe most prominent
faults on ofposite sides of Grinnell Point from thig zone are, in actuality;
the same fault surface. However, they do belong to;the same zone and

Jcould be treated as the same fault since the faults and folds are inter-

related,

The second prominent fault trace on Grinnell Point is observable

from the Josephine Lake\;ide. it is a low angle fault surface that dips
gently to the southwest. It forms the main break in the cliffs of
Grinnell Point above Josephine Lake and can be Eraced from just north of
the switchback on - the Grinnell Glacier trail to the eﬁd of the ridge
fofming Grinnell Péint. Exposures of thg fault plane are not available
for study, however, since talus and colluvipm cover its trace, so no
direction evidence was found to indicaté‘direction of movemeﬁt or dis-
placement. The fault along most of its trace is within the Red Gép
Member of the Grinnell Formafion and is marked by the presence of springs
at various intervals. The old Josephine copper mine is located at the _._
intersection of the fault with a diabase dike Wﬁich cuts through Grinnell

Point about 1/8 mile from the extreme northeastern extension of the point.
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Beneath_the fault at this point no trace of the diabase dike can be
found. The only diabase found on Grinnell Point below this horizon

is that 1/8 mile northeast at the end of the péint. However, the
relationship of the fault to the overlying focks remains unclear here
because the strata above the fault surface have been removed by erosion.
On the north side‘of the point the cliffs are relatively steep even
across the horizon where the fault should be-eﬁposed, but no clear
evidence of any displacement or fault surface exists, the bedding being
appa?ently conformable af this horizon. Unless the overburden could be
removed along the fault trace below the Jpsephine mine_sitg, the rela-
tionship befween errlying and underlying strata will remain obscure.

It is necessary, however, to tentativély conclude that, ;ince the fault
apparently does not pass thfopgh the ﬁorth side of Grinnell Point, that
disélacemen£ along it was minor Whatever the diréction of movement. The
apparent nonexistence of the diabase dike below the fault near the mine
might be explained by é pinch out or camouflaging by colluviﬁm and vega-
tative coﬁer. Since the thickness of the diabase dike is quite va?iable,
and the contact metamorphism is such that the contact betweeﬁ the dark
greenish-gray of the Scenic Point Member at this point is close to the
color of the diabase, the presenceé of the dike below this contact could
héve gone unnoticed. The diabase dike at the northeast end of
Grinnell Point and its correlative on Mt. Allen to the s;utheast can

be easily traced thrbugh all of the exposed Appekunny Formation, so it
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is likely that a pinch out of the dike near the copper mine is respon-
sible for its appérent nonexistence below and to the southeast of that
site. No diabase dike could be found on Mt. Allen that would correspond

to the trend and position of the dike.near the copper mine.

Ptarmigan Fault - A fault with sigﬁificant 1a£eral continuaity is well
exposed on the sides of the Ptarmigan Wall Sust north of Iceberg Lake.

It lies about halfway up on thé slopes of the wall in the lower Siyeh
Formation. At a point just north of Iceberg Lake, the féﬁlﬁ bifurcates,
and the lower part maintains the same .low angle dif to the southwest,
while the upper bifﬁrcation increases in dip‘by about 15 degrees and
-continues to the top éf the ridge. In thé cliffs west of Ptarmigan )
Lake, the lower fault’surface sprikes N 58'W and dips 9 dégrees ﬁo the
southwest. <At thig point fhe feature is a plane instead of a zone. 1In
the cliffs just nor?h of‘Iceberg Lake, thé‘upper faﬁlt iﬁcludes a zone of
schuppen structure about 8 feet thick. This zone is an impricate arran-
-gemené of overlapping southwest dipping slabs of limestone and éalcareous
shale of about 6 inches to a foot in thickﬁess. This fault has been
traced as far soﬁth as the south slope of Mt. Wilbur and‘as far north

as Mt. Cleveland,.a distance of about 20 miles. As far as the fault has
been traced, it lies in the lower Siyeh Formation; The movement on

the fault as determined by associated minor folds and fault zone struc-

tures is that of a thrust. The movement along the fault is probably
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Trace of bifurcating Ptarmigan fault on the southeast
slope of the Ptarmigan Wall.
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not any greater than the order of tens of feet at the most. Just west
of Icéberg Lake, the fault apparently cuts a diabase dike, but no dis-
placement was observed. The dike, however, is reduéed in thickness
below the fault plane. Since the. dike is of Precambrian age, movement
along ;Eé?%édit parallel to the strike of the diabase may have facili-
tafed @eVelopmént of the present rélationship. No other exposures have
been found where the thrust bifurcates as it doés on the Ptarmigan Wall.
Outisde the map area where the fault has beed-traéed, it seems to be
present as a distinct plane rather than a zone, especially as viewed on
the cliffs of Mt. ﬁerrit and Ahern.Peak some five miles to the northwest
of the map area. The trace of the thrust appears not to vary greatly
in eitger topogréphic or stratigraﬁhic elevation througﬁout the areé ’

where it has been traced.

Ptarmigan Tunnel - Two small reverse faults occur just west of Ptarmigan
Tunnel at about the same-glevation. The faults are separated vertically
from each other by‘about‘%o feet of rock and occur in the transition zone
between Grinnell argillite and Siyeh limestone and dolomite. The lower
fault hés about 60 to 70 feet of displacement, and thé.upper roughly

40 feet. The two faults are.roughly farallel in orientation, the lower
having a strike of N 68 W and a dip of 39 degrees to the sothwest. The
upper fault has a strike of N 76 W and a dip of 40 degrees to the south-

west, Immediately east of the tunnel, a reverse fault displaces the
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Rising Bull Member of the Grinnell Formation a stratigraphic distance
of roughly 200 feet. This fault is an extension of the lower fault
west of the tunnel. The upper fault has veryﬁiittle displacement at
its exposure east of the tunnel, Numerous kink and draé folds are

associated with these faults.

Mt., Altyn - On the ridge about midway between Mt. Altyn and Mt. Henkel,
the Scenic Point Member of the Appekunny_Forﬁation is displaced upward
some 400 feet against the Red Gap Membe; of the Grinnell Formation.
The fault is high angle reverse with a dip of aboutv45 degrees_to'the
southwest. The fault iSvcovéred‘in the cirque north of this exposure,
but is present again og the ridge between ME. Henkel and‘Mg, Apﬁekunny,_
At this exposure, the fault has a displagement of only about 20 feet,
indicatiné that it is dyipg‘out rapldly in thié direction. The fault
-is not found anywhefé to the soéth 6f Mt. Altyn. This fault is readily

seeﬁ from Glacier Route No, 12 near Swiftcurrent Campground.

Mt. Allen - Three’reverée faults of mappable dimensions occur on Mt.
Allen, none having displacements greﬁtér than '10 or 20 fget, Buﬁ having
traces which are cleariy'visible frpm nearly any point in the Grinneill
Valley. The uppermost of'theée faults is exposed near the summit of
Mt. Allen, .It dips at.roughl§ 45 degfees to the southwest and its
trace passes from the Rising B;ll Member of the Grinnell upward into

the lower Siyeh. It is traceable downward into the Red Gap Member of




Figure 13. Thrust fault associated with M}’. Henkel anticline.




-70-

the Grinnell where it is thgn lost in the talus. Kink and drag folds
are associated. |

The middle reverée fault ié exposed about 1/2 mile north of that
previously described. It is roughly parallel to the uppermost fault,
and the displacement is sma;l.'

The lowest reverse faul; is found terminated by erosion at a point
near the northeast end of Mt. Allen,  Its displacemeht is small, but its
‘plane (N 70 E, dipping 24 degrees to SE) can be traced for approximately
1/4 mile on‘either side 6f the ridge where it too is lost in the talus.

These reverse faults could ppssible correlate with’the faults

described on Grinnell Point, since' their orientation and position are

roughly similar; however, thgy cannot be tfaced across the Grinnell
ﬁalley because of the alluvium and dense forest cover.

A high angle reverse fault on the cliff face of Mt. Appekunn§
éuggesfs movement to the southwest.' It is the_result of a kink fold
that sheared at its crest. The displaéement is not.more than 30 or 40
feet, but it is unique within the'mép area, since it suggests differen-
tial movement of the thrust mass in a diréction'roughly opposite to the
faults previously described. It strike; N 75 W and d&ps steeply in the
northeast. -Baék from the cliff face im the Appekunny cirque, its trace

is obscured by talus. _ . —




Figure 14. Thrust faults on northeast slope of Mt. Allen.
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Large Scale Folds

There are within the map area, three large scale folds. All three
are anticlines with the northeast limb being the steepest. Smaller

secondary folds are associated with each of these structures

Mt. Wilbur anticline - This structural feature is.exposed on the

" southeast shoulder of Mt. Wilbur where it has an gmplitude of about

1/4 mile.. Bothllimbs of the structure are fairl§ symmetrical aBbut

‘the axial.plane with dips of up to 20 degrees on either 1limb. The north-
east limb, however, seems to average slightly steeper dips than the
southwest limb. Its axis trends N 70 W agd extends from the southeast
sbouldér of Mt. Wilbur and plunges gently southeastward to the western

tip of Redrock Lake. 1Its southwestern limb forms the zone of secondary

folds previously described. , )

Mt. Henkei anticline - This fold is genetically related to the thrust
previously described on the ridge between Mt. Altyn and‘Mt. Henkel;

The énticline 1ies’immediate1y west of the reverse fault., Its develop-
ment undoubtedly preceded that of Ehe fault. Its amplitude on the ridge
between Henkel and Altyn, is roughly 100 feet. On the ridge between
Henkel and'Appekﬁnny, the amplitude is abouf 20 feet. At its southern
limit, the anticline has a nearly vertical northeast limb and is sheared,
thereby préduciﬁg the reverse fault édjacent to it. It trends N 30 W,

and its trace is approximately that of the related reverse fault.
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Mt. Altyn anticline - The anticlinal fold present oﬁ Mt. Altyn is best
viewed from the highway approximately 3 miles east of Many Glacier
Hotel.. This structure is approximately 500 feé£ in amplitude and ex-
tends from Nahtaki Lake to the east end of Mt. Altyn. Its trend is N

70 W and the axial plane is inclined to the southwest.

Interpretation

The existence of folds as previously described, with axial planes
of both southwesterly and northeasterly dip, by itself suggests that
there may have been more than one stage of folding. For the sake of

brevity, the folds with southwest dipping axial piénes of northeast

-

dip -shall be referreé to as ''reverse' folds, it ig remotely.possible
that -all the foiding was done during relatively the sgme.stage, that is,
during developmeﬁt of the Lewis fhrust with differential movement or
"iocal ir?egularities” within the allocthonous mass being responsible
for the "reverse' folds such as suggested by Rdss (1959, p. 99). If

. both the "reverse' and_”nprmal” fola; were developed during thrusting,
then the stereonet plot of their respective poles to axial planes should
show the same type o£ groupiﬁg pattern, or lack of it as the case may
be. The stereonet plot of‘poleé (Figure 8) to '"normal" folds shows a
fairly tight‘grouping of poles in the southwest quadrant., The plot of __
‘poles to '"reverse' folds (same figure)‘reveals a rather random distri-

~

bution as the poles are scattered thfqughout the northwest and northeast
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quadrants. This evidence suggests.that the ”reverse".folds were not
developed during the same-étructural e&ent as‘that‘which formed the
"normal” folds, namely during thrusting. In plotting the strikes of the.
axial planes of both "normal" aﬁd "reverse”'folds on stereonet overlays
(Figures 9 and 10), fhe difference %n grouping between the '"normal" and
”revefée" fold axial pianes is séen,again. The strikes of "normal"
folds in Figure 9 show a tighter grouping than the strikes of "reverse'
folds in Figure iQ. However, there may'be some pattern of grouping of -
the poles of '"reverse'" folds, but it is vague when compared with an
equal number of '"normal' folds. The fact that ”reyerse” folds are

relatively few in number as compared to the numbers of "normal" folds

dogs.adﬁittedly inhibit statistical analysis, In.any case, if the
"reverse" folds‘aré presuméd to Be reléted to "local irrégularities"
in the configuration of the Lewis fhrUSt zone, then why do not the
"normal" folds reflect these irrégularities in their orientations,
since they would have been formed in the séme event? Therefore, it is
not likely that the "reverse" folds‘ére related to local flexures of
thé thrust plate. It is also ﬁnlikely that tﬁey formeq during the same
structufal episode that produced the 'normal" folds,

Another possibility is that the "reverse'" folds are folds related
to a‘set of stress planeé'cbnjugate to the axial planes of the "normal'--

folds. This possible explanation is also qnlikely again because of the

difference in grouping of orientations .of the 'normal' and "reverse"
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folds. 1If thé "?everse" foldsiwefe a set of folds conjugate to '"normal"
fold planes, then they should display tﬂe'same degree of grouping per |
given number of folds as ”ﬁormal"'foldé on the stere;net plots, since
they WouId have. been formed simultaneously. Since they do not, this
_ explanation does not appear épplicable;
Another possible explanation is that thgge "reverse'" folds may

well be related to Fhe.tensiopal phase’ of deforﬁation, that is, the
_ North Fork normal fault zonelbordering the western limit of the
Livingstone Range. This fault zone has reportedly been acFive since the
Oligocene (Ross, 1959, p. 87) and has continued Wifh.some‘degree of
.acéivit§ until the present. The zoné is generélly:poorly'exposed and

is comprised ofimany‘nofmal faul#s in a zone of vériable wide, in plaééé
as great as 20 miles (Cﬁilders,vlg63, p. 159).

Movement in the thrustfplate in a direction roughly opposite to

the initial thrusting during the tensional phase of structural activity
‘may have occurred as a resuit of backslidiﬁg along the pre—existiﬁg
Lewis overthrust zone with.a'rift dgveloping in the oveFthrust ﬁlate at
the site of the surficial exposure of thé_norma; fault zone, Seismic
evidence from reflection and refraction data from the southern Clarke
Range has provide& evidenqe of considerable horizontal movement during
"normal fault;ng: |

"It must. be concluded that the Flathead normal fault flattens
at shallow depth and, as shown, we believe it merges with the
Lewis overthrust. . This suggests the Lewis overthrust has been




-76-

"stretched" or "bottlenecked" after its emplacement, an
event also related to the formation of the Tertiary
basins.

The conclusion is that the Flathead fault is a
listric normal fault formed after emplacement of the
Lewis overthrust by "back-slippage' along a pre-existing
thrust during a phase of post orogenic uplifting. The
predominance of east dips in the Tertiary beds west of the

fault is perhaps due to rotation along a listric normal
fault (Bally, Gordy, and Stewart, 1966, p. 355)."

) To pfoduce'the "reverse folds', which are compressional features,
thelbacksliding would have to have had té be accompanied by some local
resistanceito‘movemeﬁt. This hypothesis encounters problems in that
seismic data are lacking for'tﬁe western boundary of Glacier, and con-
seduently, the presence éf a listric.normal fault can only be specu-
lated. Another problem is that most of the "reverse" folds géneralljﬂ )
occur within the same éones as those‘of.the hnormal" folds, It is
difficult to éeé Wh&lthey developed at preciéely the same spots dﬁring.
backsliding unless the ;oneé of '"normal" folds previously formed pro-
vi&ed zoneé of wqaknéss with most of the later deformation being concen-
t;éted at these sites.

None of the previous hypotheses provide a completely satisfactory
explanation of the formation of the ''reverse' folds. As mentioned pre-
viously, the relative scarci?y of ”revefse” fol&s within the map area
limifs development of any statistical pattern which might be present.
"Reverse" folds from a larger area woula have to be studied to pro?ide

-

a valid statistical picture of their orientation relationships.
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The significant relationship established in the present report is
that of the "normal" folds to the Lewis overthrust. The genesis of the
"normal' type was probably during the main stage of thrusting, gravita-
tional gliding, or a combination of both that fo;med the Lewis over-
thrust. '"Normal' folds would be associatea with a gravity slide block
only if there were resistance to sliding. ‘This relationship is the most
probable, since the '"mormal" folds} steeper northeast limbs indicate
movement in that direction. The grouping of the poles to axial.pianes
of the "qormal" folds also sugges£s that they are related to a single,
geologically brief structural evént, such as the Léwis_overthrust is
assumed to be. This supposition is suppdrted by Norris and Black
(1961, p. 933-935) who have applied paleomagnetic studies to the Lewis
overthrust plate in the Flathead, Clarke, and iewis Ranges of Canada,
Using samples from the Kintla Forﬁation (Kintla Group of.Childers), they
found no appreciable divergence in declination of remnant magnetic poles
between the samples from the locations in the Flathead Range and those
in the Clarke Range even thougﬁ a deflection of the thrust trace of 35
degréés from 'the northwesf to north occurs.at Kootenay Pass. Their con-
clusion is that the Lewis thrust plgte mqved in a single event as a
coherant mass, and tﬁat deflectiéns in the thrust trace are due to the
original configuration of the Fhrust surface.

The main t¥end of the Lewis overthrust is N 30 W; however, the

-

perpendicular to this (N 60 E) is not neceséarily the direction in which
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the thrust ﬁoved.' Withiﬁ the_maﬁ area, the ''mnormal” folds have a max-
imal occurrence of strikes aﬁ agoﬁt.N 70-80 W (Figures 9 and 10).

These 'mormal' folds, being direétly related to the Lewis oVerthrust,
should strike or trend perpendicular fo its direction of movement.

Thus within the map area, the most probable direction of movement was

N 20-30°E. Analysis .of foid orientation in other areas is necessary to

determine the average direction of movement of the overthrust on a

regional scale. Folds within the map area may represent localized N

deformation dnd this analysis may not give the direction of the Lewis

ovérthrust plate as a whole,

Mode éf thrust emp lacement | ‘ . C -

Within the scope of the preéent study, veryzlittle quantitative

. S L .
evidence can be offered in support of any theory of emplacement except
gy.analogy‘ﬁithiprevioué laboratory tests. Hubberé and-Rubey (1959)"
have at length quantitatively stated the impossibility of moving any
thrust plate of the dimensions of that of the Lewis thrust a disgance of -
at least 40 miles Without'some sort of buoyant force acting upward on
the overtﬁrust plate. This they mathematicall? prove for either the
static forces of thrusting or body.forces of gravitational gliding.
"Their thesis is that overthrusting:of great sediment thicknesses and
distances cannot occur until ﬁhe £luid pore pressure within the sedimeﬁg‘

approaches that of lithostatic pressure and produces a state of incipient

flotation, They state that the ideal situation for production of these
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excess pore pressure are acéumulations of geosynclinal thicknesses of
alternating clays and sands. The Belt Supergroup, at least dﬁring the
stages of deposition and subsidence, qualified as an ideal assembiage
for this development. The Belt sediments .accumulated to thicknesses
of more than 40,000 feet and are excellent examples of cyclical sedi-
mentation of'glternating carbonates, argillites, shales and quartzites,
many.of which are lemsoid in form. The clays are instrumentai in pre-
venting escape of excess fluid pore pressure which develops in sand
and/or clay as a fesult of cumulative overburden éressure and/or tec-
togic compressioﬁ. | | (

Powers (1967) correlated fhe'developmént of abnormal fluid pore
" pressures to fhe‘alterétion of montmorillonite to illite in clays at ~
deﬁths of 9,000 to 12,000 feet. According to this theory the last
four monomolecular 1ayerslof water Qithin tﬁe clay interlayers have a
gfeater density than 1.0 g/cm3, and upon éltefation to illi£e, afe.
expeiled,and subseduently‘expénd creating excess pore pressure. The
possbility of this should also be considered,.since.thé Belt strata
conﬁain large concentrations of illite (Klages, M. G.,~pers$na1 communi -
cation, 1970), and. the depths of burial previous to overthrusting were
éertainly adequate., The ";and" bodies of the Belt before and dufing
thrusting are now quartzites, and theirhporosities do not appear high.

Therefore, excess pore pressure may have never been present within the

quartzites, but may have been developed and sustained within the argil-
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lite or clay. The ability of argillite to sustain any abnormal pore
pressure is not known however. The strata of the ovérlying thrust
plate are intensely deformed in placesé however, these are restricted
to well defined zones. In other plqces deformation is slight to non;
existent,

R.C. Wilson (1970,~personal communication) has run several compfes—
sionél tests on both standard clays and clays from the Lewis fault
zone. His results show that the coefficient of friction of a cléy is
directly dependenf upén compaction., With pfoper compaction, and even
without any water cpntent; he concludes that the coefficient of fric-
tion is reduced to valués which would permit thrusting or gravitational
sliding with no;necesséry excess fluid poré pressure in the fault zoﬁé;
He also concludes that the'egtensive fracturing within the leading edge
of the Lewis thrust platelwould have led to the escape of any abnormal
fluid pressure that ﬁight have existed during-emplacemeﬁt.

These results, ho&ever, 50 not rule out the.possibility of the
initial development of the Lewis fault zone under conditions of abnormal
fluia pore pressure, They only show that the iast phase of movement ’
which put the overlying mass in its present position was, in all
probability; due to a low coefficient of friction in the clays of the
thrust zone and not because of abnormal pressures, at least in the
eastern part of the thrust mass.

-~

Mudge (1970) has accepted the h&pothesis that the Lewis overthrust
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is a gravity slide feature. He maintains that formation of abnormal
fluid pore pressure at depth along with large scale regional uplift is
responsible for emplacement on the thrust. By comparison with Hubbert
and Rubey's (1959) data on thickness and distance of displacement, he
calculates that the initial northeasterly dip of Belt strata immedia-
tely prior to sliding was 8.5 degrees.

With the data presentiy available there appeafs to be no quantita-
tive evidence to sﬁpport a conciusion as to whether the Lewis overthrust
is a gravity slide éeature or whether it was formed by compressional
crustal shortening, since thé compressional features studied in this
rep;rt could copceivably have been produced byigither mechanism.

Further studies involvihg the symmetry of folding in other part; of‘tﬁe
park, along with subsurface study of. the Lewis fault zoné should give
additioﬁal insight aé to the natﬁré of the féult zone and the forces re-

sponsible for emplacement.
'SUMMARY

In summary, it is proposed that the ”no?mal" folds are directly
related to the Lewis overthrust, and that the "reverse'" folds are re-
lated to 1ater'adjustments during. the Eensional phase, such as those
evident in the North Fork nérmal fault zone. The lack of a distinct

pattern in orientation of "reverse' folds compared to 'mormal" folds
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is believed to be related to the greater variation in trend within the
North Fork féult zone and/or to the relatively érratic local structural
adjustments.that may have taken place after emplacement of the thrust
during the tensional phase.

Within the ﬁap area, the orientation of "normal" folds centers
about a strike of N 76—80 W. This would suggest that movement of the
overthrust platé was N 20-30 E, since these folds should bé nearly

perpendicular to the direction of movement of the Lewis thrust. The

- assumption that the Lewis overthrust is a single, geologically brief

structural event is supported by Norris and Black's (1961) paleomagne-
tic structural analysis of the Lewis overthrust in Canada.
In consideration of mode of thrust emplacement, it seems that the

thickness of the thrust plate, distance of displacement, lithology,

mineralogy, and relative lack of intense deformation tend to best

supportlHubbert and Rubey's (1959) hypothesis of thrusting by develop-
ment ;f abnormal fluid pore pressure,

Wilson's compre;sional tests, héwever, show that at least in the
easfern part of the Lewis fault zone, there was no accompanying fluid
or fluid poré preééufe involved. His results show that the clay in the
thrust zone at.its surface trace has a sufficiently low coefficient
of friction, even in a '"dry'" state, (if subjected to previous compgctigg)
to permit thrusting of a mass such as the Lewis overthrust plate with-

-~

out the assistance of abnormal fluid pore pressure. This, however, does
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not exclude the possibility of the existence of abnormal fluid pore
pressures along the fault zone to the west at depth. Further testing
involving fluid content of clays from the féﬁlt zone at localities

west of the trace and at depth is needed to compare with Wilson's

results,




APPENDIX

Altyn Formation (Measured on the southeast slope of Mt. Altyn).
contact placed at base of 50 ft. quartzite unit,

17.

16.
15,
14,
13.
12,

11.

- Hell Roaring Member

Dolomite, blue-gray, massive, medium to thick bedded, medium

crystalline, very sandy, weathers orange, contains chalky,
greenish argillite beds; also a few thin beds of brownish
quartzite along with some medium to coarse grained pure
quartzite; some dolomite lenses with quartz grains up to
10 mm in diameter., At 65' a lense of medium bedded
quartzite . o ¢ ¢ o 6 o o ¢ o o o s & 6 6 0 e 8 6 s e s e o

Limestone, blue-white, medium crystalline with sandy lenses
up to an inch.thick « ¢ e 6 v ¢ ¢ ¢ ¢ 6 4 o o ¢ o o o o o »

Dolomite, dark blue, dense, finely crystalline; contains a

small stromatolite zone with irregular stringers of silica. .

Dolomité, medium crystalline, blue=-gray, weathers buff, sandy,

contains intercalated beds of greenish gray Fe-stained
C O ].Omi te - . * ° . L] L] - L . . e L o L] L LJ . * L ] . * . L] o

Argillite, black, fissile, Fe-stained . .-v ¢« o ¢ « o o « &

Dolomite, medium crystalline, massive, thick bedded, sandy,
exhibiting cross bedding, weathers orange . . « « o o o o« &

Dolomite, blue-gray, massive, thick bedded, grading upward
into blue-white, medium crystalline, somewhat sandy dolo-
mite; some sand grains up to 5 mm in diasmeter, at 105' a
few small chalky beds; at 135' a 1ft, thick dark purple,
limonite stained sandstone . o o o « o o« « s o o o o o o

Same as 9 with abundant horizontal quartzose stringers;
some cross bedding . o« o ¢ o o o o o o s s ¢ s o o s & o o

Dolomite, blue-gray, thin bedded, fine crystalline. . . . .
Same as 7 except alternating with thin bedded finer

crystalline dolomite; some thicker beds ¢contain large
grains of quartz and chert . . ¢ ¢« & o o o ¢« o ¢ o o o o

Upber

Feet

72

74

15

136

42

10

41
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Dolomite, medium crystalline, massiwe, extremely thick
bedded with stringers of silica, sandy appearance on
weathered surface, 2' of stromatolite zone at top « o « « « o &

ﬁolbmite, blue-gray, fine crystalline, very thin bedded . . . .

Dolomite, blue-gray, medium crystalline, somewhat re-
crystallized, siliceous, medium to thick bedded . . . . . « . &

Dolomite, blue-gray, thin to medium bedded, platy, sandy
in places, small stromatolite zone near base; individuals a

maximum of 1 inch in diameter . « o« v o o o o o o o o ¢ o o ¢ o

Dolomite, massive, stromatolitic, individuals as much as
6 inches in diameter . o« ¢ ¢ o o o & s ¢ o o s o o o 4 s oo e o

Dolomite, blue-gray, fine crystalline, thin to medium bedded. .,

Dolomite, blue-gray, medium crystalliﬁe, medium.bedded, weathers

buff, surface pitted . ¢ o ¢« ¢ ¢ o o « ¢ o o« a a s o o s o o o
Any outérops of Altyn below this horizon are obscured by talus.

:Tofal thickness

Feét

25

20

57

2

15

15

526




Appekunny Formation (Measured on the southeast slopeiof Mr. Altyn).
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Upper contact gradational with overlying Grinnell Formation.

Scenic Point Member

Argillite, red and green interbedded, thin bedded,

fissile, alternates with white, thin bedded quartzite - .

Argillite, greenish, thin bedded, fissilé, contains
mud chip conglomerate e o & o s s o s s s o s 8 s o s

Argillite, brownish, weathering rusty, thin bedded,

contains a thin zone of pyrite casts near top « « o + o &

Argillites, siltites, and impure sandstones, light green
to dark green, weathers buff, orange, and rusty, bedding
thin to medium, some sandy argillites intercalated, some
argillites and siltites finely laminated. At 330' ‘a

10 ft, thick bed of brownish quartzite grading upward

to whitish quartzite. Sequence contains abundant-

mud breccias . o ¢ ¢ ¢ o 6 6 s 4 e 4 e s e 0 s s e o o

Total thickness

Appistbki Member

Siltite and argillite, light green to dark gray green,
weathers-rusty to buff, thin bedded with some minor
medium and thick beds; at top of unit an 8 ft. .bed

of limonite stained, greenish brown argillaceous

~sandstone containing flat pebble conglomerate at base .

Quartzite, greenish, brown, and white, medium to
coarse grained, medium to thick bedded . . . ¢« « o & &

Siltite, dark greenish, massive, thick bedded, weathers
buff to orange, a few thin beds at top of unit with a
trace of cross bedding . . « ¢« + ¢ o 4 o s 4 e o 6 o o

Argiliite and siltite, greenish, thin to medium bedded,
few if any ripple marks or mud cracks . . « . . ¢« « o &

Feet

10

137

491

132

25

116

263
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Siltites and fine grained quartzites, yellow green to
tan and greenish gray, thin to medium bedded; some
layers weathering rusty . v & ¢ v v ¢ ¢ ¢« o ove o o o o o o

Total thickness

Singleshot Member

Siltites and argillites, mainly green, some buff,

greenish gray, and tan with intercalated beds of reddish
brown to maroon siltite and argillite. Bedding thin

to medium, red disappears at 228' . . 4 4 ¢ 4 e o e o o o

Quartzite, white to greenish buff, massive, thick
bedded, up to 5', medium to fine grained; basal layer
of brownish green thick bedded siltite . ¢« « & ¢ ¢ o o o« &

Argillite and siltite, green, gray, medium to thin

bedded, contains minor beds of finely laminated,

maroon siltite and argillite which weathers dark

purple, laminae may be carbonaceous material; or

possibly sulfides . v v o« v v & o 4 4 o o o 4 4 o s 0 0 s o

Quartzite, white to greenish white, massive, medium
grained . & . 4 4 6 e e e e e e e o e e e e e e e e e

Feet

152

258

71

162

50

Contact between Appekunny and Altyn placed at base of this unit.

Total thickness

541
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Grinnell Formation (Measured on the south slope of Mr. Henkel, Plate 3).

Rising Bull Member .
) ) Feet
Argillite.and quartzite, argillite red with ir-

regular interbedding of green, thin to medium

bedded, contains mud cracks, worm burrows, and ripple

marks, Quartzite white, pink, gray and green,

bedding thin to thick, contains abundant mud chip

conglomerate, cross bedding, ripple marks, and mud

cracks, Upper contact gradational with Siyeh

FOormation « o i o v ¢« o ¢ o o o o o o o o o o o o s 0 o o o o 907

Red Gap Member

Argillite, red, thin bedded, fissile, interbedded

with layers of white, thin to medium bedded quartzite

displaying cross bedding, ripple marks, and mud

chip conglomerate of red argillite. Argillite ir-

regularly mottled with green some 200 feet above i
base; also contains abundant mud cracks . « o o o ¢ o o o o 726

Rising Wolf Member

Argillite and quartzite, red and green in suBequal

amounts, thin to medium bedded. Argillite red, green,
and greenish yellow displaying mud cracks. Quartzite
pink, green, white and gray, showing ripple marks, cross
bedding, flat pebble conglomerate of red and green
argillite. Contact with underlying Appekunny Formation

.extremely gradational; placed arbitrarily where red

becomes dominant . o « o o o o & o o o o+ ¢ o o & s+ o o s o o o 163

Total thickness ' 1796
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Quaternary undifferentiated. Stream deposits, glacial drift, landslides,

and talus .

f

Cretaceous undifferentiated. Black shales and bioclastic sandstones

containing pelecypods and gastropods .

Shepard Formation. Dolomite, limestone, and calcareous argillite.

Snowslip Formation. Red ond green argillite and quartzite ,

Siyeh Formation. Buff to gray dolomite, limestone , and colcareous orgillite ;
contains several zones of Conophyton and Collenia .

Grinnell Formation.

Rising Bull Member. Red argillite and white quartfzite; contains mud cracks,

_—

Red Gap Member . Red argillite and minor quarizite; contains mudcracks and
ripple marks .

Rising Wolf Member. Red argillite, quartzite , and minor green argillite .

Appekunny Formation.

Scenic Point Member. Green argitlite , siltite, and quortzite ; minor red
argillite ; contains mud breecios .

Appistoki Member . Green argillite and siltite.

Singleshot Member . Green and moroon argillite and siltite, massive bed
of quartzite af base.

Altyn Formation .

Hell Roaring Member . Biue gray to white dolomite and sandy dolomite ;

contains beds of Collenia frequens.

Igneous Rocks. Metogabbro sill and dicbase dikes .

Attitude of bedding(inclined, overturned) *° &

Attitude of fractures(inclined, vertical) Y° %

Geologic contact (defined, approximate , assumed, uncertain) —

i U
Fault contact,showing dip and relative movement (defined, approximate) "3:5-
Thrust fault, sawteeth in upper plate
Anticline , arrow indicating direction of plunge
Axial trend and dip of smdll anticline

Axial trend and dip of folds too small to plct individually
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