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Abstract:

An area 50 miles south of Butte, Montana provides excellent opportunity to observe Precambrian
through Cretaceous sedimentary exposures typically metamorphosed by the Late Cretaceous to early
Tertiary Boulder batholith and its apophysis, the Moose Creek stock. Although some related sills and
irregular bodies are diabasic, the predominant magma was quartz monzonitic. The general effect has
been to convert carbonate units to marble, shale and silt-stone units to dense cordierite hornfels, and
chert or sandstone units to quartzite. Although moderate, metamorphism has destroyed enough of the
original distinctive lithologies so that formations can be identified only by stratigraphic position or
microscope examination. Mineralogy of diabasic sills has also been changed to a low-to medium
metamorphic characteristic.

Late Cretaceous to early Tertiary "Laramide" forces produced some folding and faulting of the
sediments and basic sills; faulting south of the area resulted in uplift and tilting of the entire rock
assemblage to the north.

The quartz monzonite stock and batholith show some variation in texture, color and mineralogy but
appear to be closely related. Forceful injection of these intrusives accentuated pre-existing folds and
developed complex systems of small scale high angle shear and tensional faults.

Coarse stream deposited, conglomeratic Tertiary sediments in the western part of the area, derived from
eastern sources, have been tilted eastward, probably by movement along a postulated normal fault.

Gradational stream processes formed pediment or fan surfaces in Late Cenozoic time which have been
dissected by intermittent streams in the present rejuvenated erosion cycle.
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Geology of the Moose Creek Stock
Highland Mountains, Montana
Abstract

An area $0 miles south of Butte, Montana provides excellent opportunity
to observe Precambrian through Cretaceous sedimentary exposures typically
metamorphosed by the Late Cretaceous to early Tertiary Boulder batholith and
its apophysis, the Moose Creek stock. Although some related sills and irregu-
lar bodies are diabasic, the predominant magma was quartz monzonitic. The
general effect has been to convert carbonate units to marble, shale and silt-
stone units to dense cordierite hornfels, and chert or sandstone units to
quartzite. Although moderate, metamorphism has destroyed enough of the origi-
nal distinctive lithologies so that formations can be identified only by strat-
igraphic position or microscope examination. Mineralogy of diabasic sills has
also been changed to a low-to medium metamorphic characteristic.

Late Cretaceous to early Tertiary "Laramide"™ forces produced some fold-
ing and faulting of the sediments and basic sills; Tfaulting south of the area
resulted in uplift and tilting of the entire rock assemblage to the north.

The quartz monzonite stock and batholith show some variation in texture,
color and mineralogy but appear to be closely related. Forceful injection of
these intrusives accentuated pre-existing folds and developed complex systems
of small scale high angle shear and tensional faults.

Coarse stream deposited, conglomeratic Tertiary sediments in the western
part of the area, derived from eastern sources, have been tilted eastward,
probably by movement along a postulated normal fault.

Gradational stream processes formed pediment or fan surfaces in Late
Cenozoic time which have been dissected by intermittent streams in the present
rejuvenated erosion cycle.
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GEOLOGY OF THE MOOSE CREEK STOCK, HIGHLAND
MOUNTAINS, MONTANA '

INTRODUCTION
Purpese
The major purpose of this work is to gain a_greater understanding
of field and petrographic rglatipns in an igneogs—metamofphic area.
The work also is presented as a thesis in partial fulfillment
for the degree of Master of Applied Science with a major in Geology at
Montana State College.

Location and Extent

The mapped area, approiimate%y seven miles square, is located
in the western part of the Butte Highlands in Silverbow County, Montana
and includes the area between 45° 427 30m and -45° 501 OO?'latitude and
112° 327 30" and 112° 42° 30" longitude. Section lines were not plotted
on the base map used.

The western.border of the area gppyaximatg}y parallels U._S.
Highway 91 between Butte and Dil}on, Montanao“ The town of DivideAis
located on this highway approximately~l% miles nerth gf the southwest
corner of the map area, and ?he abandongd settlemept Sf Mgosetown lies
midway on the eastern border. quton Park occgpies the northeasp‘extremity
of the area and the Moosgtown ﬁoad, originating_frgm.Highway 91 at
Beaudines, runs approximately along the nofthern border'(See Figure 1),

Accessibility

The area is accessible by auto along major roads (marked by
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3
solid double lines on Geologic.Map), and by Jeep along mining roads and
secondary roads. The jeep is a feasible means-of'transporﬁatiqn into
some of the brdad'meaaows in the northern part of the area. _However;
the central part of the area is extremely rugged and foot travel is the

only feasible mode of transportation.

Field Time and Methods

Parts of the summers of 1959 and 1960 were spent in the field.
Total field time was ten weeks.

-?he area was mapped on Forest Service air photos, Erinted in
August of 1947, on a scale of approximately three inghes‘equal to one
mile. The results were then transferred to U. S. Geological Survey
preliminary topographic sheets of the area.

Tﬁe brunton compasé was the only scientific instrument used
as a mapping aide. Thicknesses mentioned are either approximate or
taken from the 1iteratgfe° In many places outcrops wgre'non:existant
and much of the mgpping was done on the basis of ®float™®, Tﬁin s§ctions
of significant igneous and metamorphic lithologies were prepared and

studied under the petrographic microscope,

Previous Work

The afea‘was included in a-recgnnaissancg study of the Highland
Mountain by Sahinen (195050 The main purpose in Sahinents study was to
review mineral prospects in the area. The base mgp in thi; pub}ication
‘includes the aréa InTI1NtoeoT1S,R8WtoR9 Wo‘ Richards and
Pardee (1925) aiso ﬁapped the southwest part of the area, included in

the Melrose Quadrangle to the southwest o S. Do Theodosis (1952)
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completed a doctorate thesis on the Melrose Area, Beaverhead and Silverbow
Counties, which includes some western portions of this map.
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GEOGRAPHY

Surface Features

The area, in general; can be divided into two broad topographic
types: Those sectors underlain by the Boulder batholith and the related
Moose Creek stock are youthful in topographic expression. With few ex-

ceptions, the rest of the-areg is generally mature, |
The places undérlain,by the igneous rocks are dominated by an abun-
dance of needle-like peaks of quartz monozonite sharply jutting as much as
200 feet above surrounding topography. These areas as a whole are extremely
rugged and sharp—ridged;

Geomorphic expression of regions surrounding th§se igneous: bodies-
are described separately. To the west, where maximum relief is 200 feet;
the topography is gentle and flat; being underlain by relatively flat

lying Tertiary sediments.

The area to the north consists of a series of broad meadows and




Fig. 2. - View looking north to Mt. Humbug across
Moose Creek. Mature topography is illus-
trated. The timbered ridge is underlain
by the Quadrant formation.
rounded hills. The relief is greater, up to 2,000 feet between the Tucker
Creek Valley and the top of Mt. Humbug, which, at 8,255 feet, is the highest
point in the area.

Areas to the east and south are much the same as to the north;
broad steep meadows and valleys, and rounded hills with high relief. All
these areas are mature.

Drainage

Major drainage is to the west with both Moose Creek and Tucker
Creek flowing in that direction.

Drainage in the stock has a general radial pattern with the ex-
ception of Moose Creek which traverses the stock from east to west. The
streams generally occupy steep canyons in the stock and broader valleys in

the surrounding country. An exception is Tucker Creek which, near its head,

is entrenched in a steep canyon.



Fig. 3. - Looking east into the Tucker Greek Can-
yon. Note canyon®s steep, youthful ap-
pearance in contrast with mature topo-
graphy in Fig. 2. Outcrops to the left
are the Dinwoody and Kootenai formations.

Most of these west flowing streams are tributary to the south
flowing Big Hole River, the regional master stream just beyond the west bor-
der of the map area.

STRATIGRAPHY

Sedimentary rocks of the region range in age from Precambrian
to Recent. All sedimentary rocks have been metamorphosed so that the lith-
ology is quite different from the normal unmetamorphosed equivalents of
these rocks. The rock units as they appear in the area are described below
and their expectable unmetamorphosed lithology is mentioned for comparison.

Due to northward regional dip, oldest beds are restricted in

exposure to the southern part of the area and the section becomes progres-

sively younger to the north.
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PLATE 1

- Looking west along Moose Creek into

the stock. Note abrupt change in
topography. Foreground is on al-
luvium.

- Looking east across part of the Boulder

batholith in the northern part of the
area. Note dense timber on the igneous
rocks and the sudden change of topo-
graphy: Steep where underlain by the
batholith, gentle where underlain by
meta-sediments.
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. picted in thenfoilowing table:

Precambrian
Belt Series - Sediments.of the Belt series occupy the extreme

southern part of the area, .W. J. McMannis (1960, personal communication)

- presently studying Belt stratigraphy, has generally described the Belt in

this area to the writer.

The Belt section to the east of the map area, in the vicinity

of ‘the-Highland Mt. peaks, is over 15,000 feet thick and is generally de-

UNIT , APPROXIMATE THICKNESS: 'LITHOLOGY

Cambrian Flathead ss.

1 : 1000 ft. clean quartzites and inter-
bedded argillites.

2 1500 ft. lime silicates.

3 . 500 ft. ' coarsely micaceous siltites.

Lo 2000 ft. green siltites intbed. with

- quartzites,

5 S . 6000 ft. ' dark gray to black argillites
and siltites.

6 - 750 ft. clean quartzites.

7 _ , 600 ft. gray arglllltes and carbon-
ates. ’

"8 '3000 ft., - feldspar rich graywacke,

15,350 ft.
Pre-Beltian metamorphics
TABLE T

_General stratigraphic section of the Belt series
in the. nghland Mountains.,

To the west, the section is truncated by the Flathead sandstone,

-and, at Soap Gulch, just to the south of the map area, the Flathead rests on

' Unit 50
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Also, to the west. the lower part.of'the.secpion.chaqg§§,. gnipué,
the clean'quap@zite, gnds abruptly, either,by“pinchout_or pg;hgps by ?gg}pigg.
Unit 7, the argillite and carbonate sequence, also pinches out. The interval
below unit 5 is a thick unit of feldspar rich graywacke.

Near Soap Gulch, a lens.of:argillite.appears“in.the_upper.part
9? phig:unip qf feldspar:rich graywacke and thickens to the west. Some feld-
spar .rich. graywacke is interbedded with the argillite in_this.lens; but the
graywacke overlying this lens becoﬁes more quartzitic to the west,

Only a few original observations of Belt material ﬁere made to
augment McMannis' general descriﬁ%ion and the detailed description of randoﬁ
samples of Bglt argillite and quarfzites by Sahinen (1950; P. 13; 15) which
follows:

"The predominant rock of the Belt Series is a grey green to
red fine-grained argillite, locally ‘interbedded with grey to black
slate, finé-grained quartzite, and-quartzite conglomerate. ' Some
of the aPgillité, although massive, shows irregular banding, which,
under the microséope is seen to indicate rough sorting of the fine-
grained material.  .Individual mineral particles are not visible to-
the naked eye alone, or with the aid of a hand lens. Under a mag-
nification of LOOX the rock is seen to be composed of gquartz, feld-
spars, .sericite, and clay minerals ranging in -size from about 0.01
inches in diameter down to submicroscopic size. Some of the argil-
lite shows wery thin bedding in light and dark bands from 0,05 to
0.10 inches thick, and some specimens show a tendency to cleave
along.this bedding. The light-colored bands are composed mainly
of sericite and clay minerals too fine in grain size for positive
identification. .The dark-colored bands are composed of somewhat

coarser material composed principally of quartz and earthy clay
minerals. .The largest quartz grains measured were but 0,0015
inches. in diameter.

"Some of the argillite is still finer grained. A specimen
from-the vieinity of the Ballarat mine is so-fine grained, com-
pact, and lacking in any evidence of bedding, that it resembles
purplish-black glassy basalt. It also has the conchoidal fracture
of basalt. Individual grains can hardly be recognized under a
magnification of less than 80 times. Under higher magnification
it shows a mineral composition similar to the normal argillite.
Some black fissile shale or slate occurs near the bottom of the
series. These slates are best exposed at the junction of Camp
and Wickiup Creeks.
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"Most of the Beltian quart21tes are banded pink and black, "and”™
are very flne grained with particles about 0.02 of .an inch or less in
diaméter. ~Some of the qliartz shows minute inclusions of. needlé~like
crystals.and shredded.sericite, and has been recrystallized into
interlocking grains like a mosaic. In many places the ‘quartzité is-
conglomeratic with four<inéh quartzite pebbles in a. quartzite matrik,
usually pinkish-in colo¥, but stréaked with black. Usually, the Belt
" quartzites éan be dlstlngulshed from those of. thée Paleozdié -deries -
because they nearlyébways show dark colored irregular bands or streaks
which do not oceur, in the Paleozoic quartzites."

Random'samples.of Belt units within the.map area were examined
in thin section under the petrographic microscope. One sample shows evidence
of .baking, as the rock is extremely dense and dark and is recrystallized to a
very fine-grained quartzite, yet retains a relict bedding revealed by concen-
trations of.limonite in parallel bands. This. rock was probably originally an
argillite, with affinity to unit 5.

Samples collected at greater distances from the igneous bodies
are less affected by baking. Some of the minerals such as horn-blende are
altered, but rocks from such locations tend to be calcareous graywacke,

Cambrian

Flathead Formation - Exposures of the Flathead formation are

restricted to the southernmost part of the area, The thickness averages
about 125 feet (Sshinen, 1952, p. 15),

. The Flathead, in this fart of Montana, consists primarily of
dense, hard quartzites and sandstones. Here; after metamorphism, the sand-
ssones of the Flathead are thoroughly fused and recrystallized to form a very
hard; massive; pink to tan; dense; fine-to medium-grained quartzite. Cross
bedding and other common secondary features of Flathead lithology have been
mostly obliterated by metamorphism and the rdck now displays extreme joint-
ing and is very brittle in nature. This jointing consists of, or is charac-
terized by; a series of fractures at random angles to the bedding and with

no orderly orientation. The joints are closely spaced and are planes of
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weakngss, which make the réqk suseeptible to rapid erosion. The brittlgqess
allows the Flathead’to be broken up-relgtivély"eagily; and in many plgqes

phe §urfa9¢ qf the ground which is underlain by Flathead is talusr Thg
jqinting gbscures'bedding, and attitudes are difficult to measure. Thg_Flat- _

head closely resembleé the Quadrant and Phosphoria quartzites in hand specimen.

Wblsey Formation - The Wolsey shale is nowhere well exposed in the ‘map
area and was mapped- on the basis of float., The Wolsey is restrictéd to the
southern part of the area and here appears to be rather thin; between 50 and
100 feet thick, although an accurate measurement of thicknmess could not be
made. Hanson (1952, f. 28), has measured a Cambrian section on Camp Creek to
the southeast of this area and hés determined the Wolsey to be 217 feet thick.
The Wolsey has been liberally iqtruded by sills.

Unmetamorphosed Wolsey is generally composed of a series of micaceous,
thinly—laminated; gray and purplish-gray argillites with an upper unit of
~ brownish-gray dolomite (Hanson, 1952, p. 28). In this area, however,.these
lithologies are changed by contact baking and the Wolsey is converted to the
metamorphic rock types described below.

The dominant lithology is a massive, black, "spotted" hornfels. The
rock, in thin section, is very fine-grained except for the porphyroblasts,
which are cordierite. The rock has a very fine quartz and plagioclase matrix,
and often has a pitted appearance on weathered surface, making itreasily mis~—
taken for an igneous rock.

In many places, rocks with the above mineralogy and general appear-
ance_havé a dominant foliation; probably the remains of bedding planes.

The brownish-gray dolomite member of the ﬁblsey was not visible in the
mapped area. It is possible that part of the area mapped as Meagher is this

unit and that metamorphism has altered the carbonate so that it closely
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resembles the Meagher carbonates. In this study, the Wolsey unit has been

the apparent. thinness of Wolsey.

. Meagher Formation - The Meagher limestone is also expesed in the

sgg?hgrp.part_of the areas in the southeast in normal contact with-the other
Cambrian rocks, .and.in the.southwest where it.is in fault. contact with Belt
rpckgkﬂ_Tye{Meagher is;libgrally.intruded by basic igneous bodies which swell .
its .thickness markgdly.» In.the_ map area it,abproaches a thickness of 350 feet.
The type Meagher is a series of massive; resistant dolomifes;
dolomitic limestones and black—anq-gold mettled limestones. But; under the
" influence of contact metamorphism, these characteristic features have been
largely obliterated. The Meagher formétion in such a metamorﬁhosed state is
not resistant to'erosion and, although outcrops are freqhent, no ridges or
hogbacks are present. The lithology; after metamorphism, is fairly uﬁiform;
beiﬁg a white-to-gray, coarse, crumbly marble., The major mineral is caicite;
although some.dolomite reméins. Locally, near igneous contacts, a skarn
mineralogy is found in which garnet; epidote; and idocrase are dominant. .Cal—
cite particles littér slopes wﬁerelthe Meagher outcrop is especially crumbly.
There are many areas where the Meagher is not so coarse, and is merely a drab
gray; finely-crystalline marble. Bedding is commonly obliterated in local areas.
The metamorphic characteristics of the Meagher formation are very
similar to those of other carbonétes in the geologic.column, such as the Pil-
grim; Madison and Jeffe?son formations. Only stratigraphic sequence enables
distinction,

Park Formation - The Park crops out in the southern part of the

area and at one place just north of Moose Creek, where it is relatively thin,

somewhat less than 100 feet.
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_Hanson (1952, p. 28) describes the Park in the Camp Creek sec-—
tionhgs ﬁ_series.of tan and gray shales interbedded with gray limgstones,
The.shglgs gf,the:Park’are,finely‘micaceous whereas the Wolsey argillites
are cga?sg;y.micaceéus. This property aids in differentiation of the two
formations.,

As mentioned previously, the metamorphosed Park closely re-
se@p}eg.thg metamorphosed. Wolssey formation. .In many places; the two forma-
§i§n§-cannot,be distinguished except by their respective stratigraphic posi=
tions. The Park has.been changed to a series of hornfels and siliceous
argi}lites, sgimilar to those which characterize metamorphosed Wolsey litho-
logy. Perhaps a dense, blaék foliated quartzose argillite is the most
commpn'rock?.although the. spotted hornfels containing cordierite porphyro-
blasts is.common, The Park also closely resembles‘some of the basic igneous
rocks in the area; and in many‘specimens the petrographic microscope must be
used for positive:£dentification. The criteria for mapping the Park unit in
this area has been based on the hornfeis—argillite lithology. Carbonates;
which, after metamorphism, are not distinguishable from carbonates in the
Meagher and Pilgrim formations; have not been included in the Park map unit.

Thus the thickness estimated for the Park may not be accurate,

Pilprim Formation -~ The Pilgrim i; present exclusively in the
eastern part of the‘area; predominantly north of Moose Creek. The formation
is extensively intruded by basic sills, and its thickness is thereby in- .
creased from an estimated norm of about 200 feet (Hanson; 1952, p. 28) to
approximately 450 feet,

Characteristically, the Pilgrim is a massive dolomitic lime-

stone and displays a pink and gray to black and gold mottling. However, as




14

ip Meagher lithology, these  features have been obliterated here; The Pilgrim
is nq@_pesistant and. is frequently covered by grassy slopes. Bedding is
destroyed in_most places and: the rock is here; like thé Méagher; a crumbly_
wh?pe marble. It.is perhaps a . little whiter in color than the Meagher; but
this is not a distinctive difference. "Skarn minerals such as idocrase; garnet,
epidote and wollastonite are present near igneous contacts; and; also dis-

- tinctive,. in some places, is a green, silicified tactite; probably the result
of localwsilicagriq@ metasomatic solution.

Red Lion Formation - Sahinen (1950, p. 17) describes. the Dry Creek

formation és part of the .stratigraphic section of this area., However Hanson
(l952,up..17) prefers to call this interval the Red Lion formation; showing that
previous”workgrs;have restricted the term "Dry Creek" to a lower shale ﬁember in
this sequence.

The Red Lion formation was nowhere exposed in the map area, but is
ﬁrobably present in the eastern part of the area stratigraphically above the
Pilgrim, . Sahinen (1950; p. 17), describes this interval as:

"eoo 50 to 100 feet of brown, yellow; red and pink sandy

shales and calcareous sandstones - - - reddish and yellowish

shaly. and  calcareous sandstone or sandy limestone - - - muddy -

yellow to buff thin-bedded shaly limestone or calcareous shale.”

Hanson (1952, p. 28), finds the d ominant lithology at Camp Creek
to be tan to gray, tﬁin bedded; silty dolomite.,

Metamorphism has altered the lithologic characterist&cs described
by Sahinen-and Hanson to a series of hornstones and massive siliceous argil-
lites. .The dominant lithology is a drab; brown-to-black, massive, hard; very
fine~-grained hornstone and closely resembles lithology of the Three Forks for-

mation. In this area the Red Lion was mapped purely on the presence of this

type float at the proper stratigraphic horizon, as no outcrops were observed.
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Ordovician-Silurian

In this and nearby areas, no Ordovician or Silurian sediments

. are present, either due to erosion or non-deposition.

Devonian
Hanson'(l952; p. 28) describes a Maywood interval in the Camp

Creek section, which is generally cémposed of..drab. dolomites and tan silt-

. stones. The writer did not attempt to map this interval in his area, and it

»

is included in the Red Lion map unit.

Jefferson Formation - The Jefferson formation is poorly exposed

in the area, and is commonly mapped without .direct evidence that it is
present, However, the formation approaches 700 feet (?) in thickness and,
although 'its.contacts canmnot be precisely located, the Jefferson is mapped

as the interval between.areas of abundant Red Lion float and the Three Forks

. formation,

The Jefferson, like all other local sedimentary formations, has
been intensely metamorphosed, .Before metamorphism the Jefferson was primarily

a black massive. resistant dolomite with beds of limestone and siltstone (Han-

‘son, 1952, p. 28), Other pharacteristics'include a fetid odor when struck a

hammer blow, and a system of calcareous "veinlets", probably organic in nature
and resembling stringers of épaghetti°

| Metamorphism has greatiyeiterea the Jefferson formation. The
fetid odor is gone;_and the "spaghetti® is obliterated completely. In some
plaees; the black color is bleached to a. gray, resembling the marbles of the
Meagher and Pilgrimformations° Bedding is all but obliterated and the rock
is loose and crumbly. IIn many instances; the.magnesium in the dolomite has

been driven off leaving a pure calcite marble. Conversely, in other parts of
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the map area, the rock is a dolomitic marble. The metamorphism of the

Jefferson is by no;meéns uniform;- the rock changes character radically lat-
erally in the space of several. thousand feet.

. Metamorphism has converted the rock to a non-resistant type
gpd thg Jgfferson-is therefore mostly covered, and exposed .only where drain-

age has cut thfough'it°

.Three Forks Eormation ~ The Three Forks formation is well ex-
p9s§@ in -the center'of a small. anticline on.the western border of fhe area,
It is §}so present in the eastern part of the area, but is not exposed and
-it§ mapped.relations:aré based, therefore, on.float? -In_the map area; the
formation is abgut.,zbo feet thick (Sahine'n; 1950, p. 18).

Sloss -and. Morit= C1951, pPs 2153 ) describe the. Three Forks as
99p§is§ing_gener§lly of a lower member of gray-green shales and. shaly dolo-
m;@e_apdzlimestone, and some-minﬁr amounts. of evaporite breccia; and an
upper»member of yellowish sandstone and sandy 1imestone; termed the
Sappington member of the. Three Forks formation.

The Three Forks in this area is a series of thin bedded, impure,
yellow toTbrdwn_quartzités_aﬁd carbonaceous ph&llites-and hornstone. ‘The
guartzites are intensely colored with limonite and are very hard and dense.
For the most part, bedding is well preserved and the phillites are black in
color and very fissile. These phyllites closely resemble phosphate rock
except that no oolitic structure exists . Where micaceous sheen is lacking
these rocks have been classified as slate,

Some tan to brown blocky rocks which might be termed quartzites
could. be silicified limestone., These rocks show no fissility but relict
bedding is preserved.

Whatever fossils eriginally existed in the Three Forks have
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been dompletely eradicated by metamorphic processes,

Mississippian

Madison Group = The Madison group is one of the thickest rock

sequences in the area, approaching 1,300 feet in thickness (Sahinen 1950,
p. 18),. . Tt crops out with mgularity on the north, east and west borders
sadjacent to the igneous bodies. S .uv77=";-~ﬂ -

This group contains somé igneous'silié which expénd its thick-
ness somewhat abnormally but it. does pét.appear to be as commonly intruded
as. the Meagher and Pilgrim limest;nes of Cambrian age.

The Madison group is usually diﬁided into two formations: a- .
}gwer,lthin—bedded,,highly fossilifeéous.impufe'limeStone; called the Lodge-

A

pole formation; and an upper massive gray saccarhéidai-liﬁesﬁéne, called ﬁheu
Mission Canyon formation.

Sloss and Moritz (1951, p. 2156) further divide the Lodgepole
into a_lower‘member; called the Paine; and an upper Woodhurst member, Sub-
division is based on the .observation that the Paine is very thin bedded;
cherty, fragmented limestone with shaly units and a characteristic striped
appearance due. to weathering while the Woodhurst is thicker bedded and less
shaly,

In this area; however, no differentiation is made because meta-
morphism has made these rocks more or less uniform in lithology. The Madison
is a white to gray crumbly calcite marble. All fossil evidence has been de-~
stroyed and bedding generally obliterated, Although the Madison is a ridge
_ former in most Rocky Mountain areas; here it is non-resistant to erosion be-
cause of the extensi&e metamorphism it has undergone.

.The Madison closely resembles the Meagher and Pilgrim in every

way except that the distinctive and locally developed garnet-epidote-idocrase
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con@act facies is absent in the Madison. The only thermal alteration evident
?gsul£ed"in extreme-iron.staining, especially in the northern exposures of

this area. ..This iron stain h;s.made the marble pink-to-red., Sloss and‘Moribz
(1951)‘also mentiqn red stained‘éolution breccias in the Mission Canyon. Aftgr
metamorphism, this lithology might produce the.redish marble found in this area.

Mississippian~Pennsylvanian

_ Amsden Formation - The Amsden is nowhere well exposed in the map

area, and in pléces is mapped on. the basis of.float or by.its. stratigraphic
ppsition. There are.plabeslwhere the Amsden appears to be missing; and this is
‘interpreted.as. bedding plane faulting (See p. 53). Sahinen (1950, p. 14)
states that“the?thickness oﬁ the Amsden is ébout 200 feet.‘

:Améden lithology generally Qonsisfs of a lower.uﬁit_of red shales
apd rgq and purple dolomitic siltstones and an upper series of deolomitic lime-
stones. .The contact between the Amsden and Madison is tentatively placed at
the point where the upper carbonate unit becomes dominantly sandy (Sloss and
Moritz, 1951), |

$n this area %gé only definite Amsden lithology observed is a red;
hard, siltite, This rock is very.fine-grained and.is found as scattered float,
McMannis (1960;.personal communication) repofts the presence of abundant ido-~
crase—epidefengarnet skarn lithologies in the carbonate unit of the Amsden.,
Myers (1952, p. 38) mentions tungsten mineraliza tion in the Amsden carbonates:
along the contact margins of the Pioneer Range batholith to the west.

Possibly; some of the marbles mapped as Madison are actually the
carboﬁate_unit éf the Amsden, However, the. Amsden carbonates are usually dol-
omitic, ‘and these are pure, calcite marble., Also, if these red marbles were
mapped as Amsden, the Madison section would be unusually thin, while the

tentatively mabped Amsden formation would be abnormally thick. This indicates
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that the red marbles are truly Madison., Also stratigraphic thicknesses indi-
cate that.these red marbles are Madison, and it is belleved that the Amsden
is merely covered where present,

.Pennsylvanian.

Quadrant Formation —= The @Quadrant is. one. of the most. distinctive’

' formations in the area, being one of the most resistant and prominent in out-
crop pattern. Mt. Humbug, the highest-point in elevation in the area, is
underlain by the-Quadrant, The formation-is approximately 500 feetlin tnick—
ness'(Sahinen 1950, p. 14) and exposures are generally restricted to the north-
ern part of the area..

The Quadrant is generally a clean, white to.pink, fine-to medium-
grained, cross bedded.orthoquartzite, commonly speckled with limonite,

After metamorphism, the basic lithology is not drastically altered,
the .rock being.a.pure quartzite which is tan to. pink in color and very hard,
Limonite is diseminated through the rock and the quartz grains are tightlyv
interlocked and fused. In thin section the quartz grains are of varying size,
which .indicates the”fecrystallizetion of a_former sandstone. The rock here is
very hard and has a clqseiy spaced joint system at varying engles to bedding
which. obscures the bedding effectively. The rock is very brittle, and the
QUadnant outcrop often appears as a giant talus pile or felsenmeer., The
Quadrant is similar to the upper unit of the Phosphoria formation from which
it cannot be distinguished in hand specimen, Stratigraphic relationships en-
able accurate diﬁferentia;ion, however,

Permian

Phosphoria Formation - The Phosphoria is distinctive in the area

because of its variable lithology and its thickness, which approaches 500
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feet (Sahineﬁ'l950, pPe 14). The formation is well exposed in the northern
and western parts of the area.

The writer has divided fhe Phosphoria into two units for mapping
purposes, which allows more detail to be presented in areas of .complex struc-
ture. The lower unit consists of .interbedded limestones and phosphatic shales,
. whilé the upper unit is-a massive chert,

Sloss and Moritz (1951, p. 2167) differentiéte three members in
the Phosphoria: (1) a lower sandstone, limestone and chert; (2) a middle

phosphorite -and (3) an upper chert, In the map area the two lower unité of
Sloss and Moritz are.represented by the lower unit of the writer; and the
.upper. unit . of Sloss. and Moritz is correlative to the.upper unit of. the writer,

The 1itﬂology has not been greatly changed. by metamorphism, In
the'lower.unit the 1imestoné has been altered to a gray, crumbly, coarsely-
"crystglline marble. The usual phosphatic shale is changed to phosphatic

"horngtone".and"is.degp.black and massive, .In places'if could be called a
hornfels. However, the phosphatic rocks.still retain oolitic texture.

The phosphatic hornstone and interbedded marble unit is all that
.enables. differentiation between the .Quadrant and the upper quartzite member
of the Phosphoria. This upper unit is usually a massive chert. Upon being
metamorphosed, however, it, has been altered to a finely crystalline pink to
tan quartzite. In hand specimen it is similar to the Quadrant, but in thin
section this quartzite is equigranular as opposed to a variation of grain
‘size in the Quadrant. This suggests a chert parent rock for.the Phosphoria,
a sandstone for the Quadrant.

This upper massive quartzite displays jointing exactly like
that of the Quadrant and also is very brittle and crops out as talus piles.,

'Bedding is obliterated,
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?he upper quartzite also pinches and swells abruptly, withiﬁ
short‘distances, suggesting a period of erosion after ité deposition pro-
ducing an irregular surface, which could account for the thickness changes.,

Triassic

Dinwoody Formation - There is an interval of rock -approximately

2OQ %o SQO feet thick between the well exposed Phosphoria -and;Kootenai form-

ations that. most 1ikely represents the Dinwoody formatioh‘of‘Triassic age.
_Sahinen (1950) believes:this interval to be the Dinwoody forma-

tion while others believe that these rocks might bé a Jurassic sequence.

The writer believes that Sahinen is correct, maiﬁly because the
Dinwoody formation is present just to the south of thié area in the Big Hole '
Canyon whereas no Jurassic sediments are represented in this part of Montana.
Also, the meta-lithology of this interval couid easily répresent typicai Din-
woody after metamorphism, |

Parf of the basis for the assumption that these rocks might be
Jurassic is based on the fact that the. quartzite member of the Phosphoria
varies in thickness rather abruptly in some localities.

If one wishes to explain this thickness change of the Phosphoria
--as-an-ancient erosion surface, theﬁ there must.have been a‘period of erosion -
between the Phosphorialdeposition and the deposition of these Triassic (?)
rocks, Cressman (1955, p. 21) mentions the possibiiity of hiatus between the
Dinwoody and Phosphoria, based on abrgpt faunal and lithologic changes. How-
ever, he furtﬁer states that the Dinwoody appears to be conformable to the
-Phosphoria, and, if tﬁere is hiatus, it is in the form of a paraconformity
rather than disconformity., This apparent thickness change might possibly be

a depositional phenomena or might also be the result of structural alteration,
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Thus, the assumption that this interval cannot. be Dinwoody because the fhipk-
ness variation in_the Phosphoria demands a Triassic hiatus is a poor excuse
for awarding these ‘rocks a Jurassic age.

These rocks are best exposed just north of Mt. Huﬁbug and in
Tucker:Creek Canyon, Other than these areas, mappipg of this unit was on the
basis of floét. This interval varies in thickness between 200 and 300 feet.

Moritz (1951, p. 1786) describes the Dinwoody as an interval of
thin, silty, chocolate brown-weathering, gray and light brown to tan lime-
stones, gray siltstones and sandstones, and gray or green to'tan shales.

The Dinwoody interval in this area, represents, probably, a
metamorphosed.limestone,unit where the limestones have been greatly silici-

fied so.that their meta-equivalents are actually quartzites. There is no real

indication of metamorphosed shale,

The rock is, after metamorphism, a yellow to tan, or brown, drab
guartzite, which probably represents a silicified limestone. It is very hard
and.tends to break into rhombohedral blocks. On fresh fracture the rock is
blue or dark. gray, and.consiéts almost entirely of fine-grained quartz. Bed-
ding planes stand out in the rock, preserved by silicification., Limestone
features such as.calcite veinlets and .wugs are preserved by silicification.
Some skarn minerals are preserved and can be recognized with careful observa-
tion, These minerals include garnet and epidote,

Cretaceous

Kootenai Formation - Exposures of the Kootenai formation are re-
stricted to the northern part of the area, north of Mt. Humbug and in the
vicinity of Tucker Creek. The Kootenai is well exposed in Tucker Creek Can-

yon., South of Tucker Creek, the Kootenai is mapped by the occurence of float
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as ﬁhereuarg no-definite exposures, The formation is quite thick, as much
as 1,000 feet in.this area (Sahinen 1950, p. 14).
. In adjacent areas to the east the Kootenai consists of a basal
chert and quartzite pebble conglomerate and a thick sequence of wvariegated
'shalesland siltstones. Some thin beds of freshwater limestone containiné
gastropods. usually occur in. the upper part of tﬁe‘formationm

.In this area metamorphism has greatly altered this basic 1lith -
ology. The basal chert and quartzite pebble conglomerate is still recog-
nizable. ‘It is entirely silicified, but the pebbles stand out markedly, as
white to tan or some other light color.against a dark blue or black matrix,
This spotted pattern is very distinctive. The rock is entirely composed of
quartz and the pebbles are verylfinely érystalline quartzite. They were
probably originally quartzite pebbles; metamorphism has not altered them
greatly. These pebbles are up to 2 inches in diameter.

The thick sequence of. variegated shales and siltstones is thor-

oughly altered to.a.series of argillites, hornfels, and massive quartzites.

This sequence possesses a strong joint pattern that obliterates bedding and
allows the outcrop to be reduced to talus rather easily. The rocks are drab
in appearance, commonly tan to brown on weathered surface and a dark green
or gray to black on fresh fracture. The mineral content in almost all cases
ig characterized by a high pefcent of quartz with some magnetite, and is ex-
tremely fine-grained. Only the microscope can distinguish a grain pattern.

Some specimens in this sequence contain biotite, plagioclase and
magnetite along with quartz. Sahinen (1950) mentions sillimanite in the ~

hornstones, but. this mineral was not observed in thin sections prepared by

%
v‘

the writer,
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The limestone beds, like all carbonaﬁe sequences in this aréa,
have .been altered.to a.coarse, crumbly marble. There are two such marble
beds in the area,. each about 10 feet thick. The marble is pure calcite and
:i_.s_ggntera.lly-.:white'in_color° Bedding is still. .wvisible, but all evidence of
?he_chargctgristic fresh water'gast;opodé.is obliterated. The upper boundary
of. the Kootenai is tentatively selected at the top .of the highest marble unit.,

CbloradofGrdup - Sahinen (1950) does not include Colorado sedi-

mentg_in his discussion of the stratigraphy of the area, However, a se-
quence of sediments occurs above the second marble unit of the Kootenai which
%s ?oo.ex?ensiye to. be included in the latter formation. The writer feels
qertaip that these sediments represent part of the Colorado group or equiva-
lent.sediments.és nowhere is there much sediment assignable to Kootenai above
the_liﬁestone.members, These sediments are truncated to the north by the
Boplder.batholith, thus it is probable that the whole Colorado‘group is not
repregente@; The thickness of sediments representing the Colorado in this
area. cannot be accurately determined because of the truncation by the batho-
lith-and,structural complications within the sediments. However, an approxi-
mate thickness of Colorado sediment in this area is 1200 feet,

The Colorado group, like the Kootenai, consists mainly of a
thick sequence of shales, siltstones, gnd sandstones. Affer metamorphism,
the result is a lithology which is identical to the series of Kootenai meta—
shales. and siltstones, .The .rock is. predominantly quartzite and hornstone
with-a drab brown color on-weathered surface and a da;k‘green or black on
fresh fracture. No minerals other than an extremely'fiﬁe;grained quartz is
viéible in hand specimen, Biotite, magnetite and plagioclase are also

visible in thin section, but in minor quantities.
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The Colorado -commonly crops out in the ektreme;northWest part
of thg area where“it is boundgd by Tertiary sediments to the west and the )
Bbulder batholith to the north. It can-only.be separated from.the Kootenai
if the Kootgnéi marbles are visible as a boundary. -

Tertiégx

"Basin Deposits - On the western border of the area, the

structﬁrally deformed and metamorphosed Paleozoic and Mesozoic rocks are
coveréd by a séries of consolidated clays, gravels, sandstones and con-
glomerates, This series of sediments is described as follows by Richards
and Pardee (1925, p. 14-15) (from Sahinen 1950, p. 23):

"About three miles north of Divide, east of the Oregon
Short Line Railroad, thick beds of. buff clay with inter-
bedded thin.layers of.gravel or. conglomerate are exposed
that aggregate 200 feet in thickness, The beds strike.
N, 15 W. and dip 12 NE. .In the same neighborhood along
a ridge extending eastward are several exposures of the
gravel beds, which owing to their comparative hardness,
project somewhat. above the adjoining clay beds. These
gravel layers are from 3 to 6 feet thick and consist of
subangular cobbles and pebbles in an abundant matrix of
sand and clay. In places they contain boulders as large
as 3 feet in diameter. '

"An apparent thickness of at least 500 feet of Tertiary

beds is indicated by these exposures. However the beds

may be repeated by faults that are concealed by the super-

ficial cover.™"

These sediments most certainly originated from the east., Dis-
tinctive Belt argillites, incorporated in these sediments, are only present
to the east (see figure 6). Other lithologies match exposures.to the east
such as the abundance of granitic sand most probably derived from the Moose
Creek stock and the Boulder batholith. In places the basin deposits are
calcareous where the. older carbonate units in the section have served as im-

portant source materials,

These sediments display, for the most part, very distinctive
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thin bedding. Close examination demonstrates cross bedding, and this cross
bedding indicates currents flowing generally from east to west. Distinctive
imbrication also points to an east to west current and an eastern source for
the sediments. The sediments display sharp differentiation between fine and
coarse sediments, which might be channels or could represent seasonal change
floods which increased the capacity of the depositing streams. The cobbles
are subangular which indicates that they have not been carried far by streams.

These sediments have been termed '"lake beds'™ by Sahinen (1950)
and others, but, it seems fairly definite that much of the sediment is

stream deposited. Thus the term "basin deposit"” seems more applicable.

Fig. 6. - Conglomerate from the tertiary basin
deposits on the west side of the area.
Pebbles in this specimen are mostly
Belt argillites, which are only ex-
posed to the east and thus indicate an
eastern source of these sediments.
Matrix is predominantly igneous material.
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Sahinen (1950, P. 23) .uses information gathered by Douglass_on-
simi;gy.bedS'in.nearby<locaiities to dafe these seqiments,as Oligocene and
Mi;cene, _Shﬁucbural relations of thesg'beds are more thoroughly described
in the structure section of this paper,’ Richards and Pardee_(l925; p. 14)
suggest g.possible,thickness,of-500 feet for these sediments.

Quaternary - Talus and alluvium cover much-of the area. In most
igﬁtances Quaternary alluvium was not mapped if the writer was relatively
sure of the- bedrock. geology below,

Alluvium or gravel is dominant in the west where it:generally
covgrs:the.previously described Tertiary sediments in a terrace system. The
a}}uvium may be derived“from.the igneous and metamorphic.rocks to the east;
'jpst as the Tertiary rocks were; and also, partly from the Tertiéry sédi—
ments themselves, .as the.lithologies.iﬁcorporated in the. alluvium are very
similar to.thoée in the Tertiary sediments; including the distinctive Belt
argillite; which is only present to the east.

A1l major streams in the area have a platform of Quaternary
alluvigm; but only on Moose Creek; where it is fairly significant, was it
mapped, .Burton Park, in the northeastern part of the area, also is under-
lain by Quaternary alluvium; but it was not mapped as the writer is certain
that the underlying bedrock is igneoﬁs. The topography of this area is
generally flat in contrast to the steep ridged topography of other areas
underlain by igneous rocks. This is probably because Burton Park repre-

sents an old drainage system which has generally smoothed the sharp topo-

.graphy.
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IGNEOUS ROCKS

Introduction

The area is dominated by a series of igneous instusions which
hayeAinvadedithe previpusly described-stratigrabhic section. The southern
tip .of .the Boulder batholith“qccupieé the"northern part of the map area,
%qd_the centrgl“paft.of thg area was intruded"by é small igneous stock;
ca}%gd the.Mbosg Creeknstock by the writer. ,NumerouS’basiq sills and ir-
regular bgsic,bodies have intruded-into the meta+sediments. Some aplite

bodies and acidic. joint fillings also occur,

Samples. of many.of.these igneous rocks were taken and_thin
ggctions.prepared.and'observed through the petrographic microscopes Com-
parative m%ne;alogy-and texture was studied to determine the relationships
9f §@§§e'igneous“bgdies.to\one.another in lithology, mode of origin and em-~
Pplacement , and age.

The Boulder batholith and adjacent Moose Creek stock were not
subdivided by the writer; they are merely mapped as one unit and compared
and contrasted to one another, \The batholith and stock have several pos-
sible relations; but the most.probable is that the stock is merely an apo-
phy;is of .the batholith and does not differ markedly in mineralogy or lith-
ology.

Ihe basic. sills afe tentatively dated as lLate Cretaceous be-
cause they intrude Colorado -sediments; and as pre-stock and. batholith because
they are truncated by the stock and batholith. This truncation can be ob-
served on the east éide of the Mbése Creek stock where the stock abuts
against .several basic siils and in the southeast part of the area where the
stock truncates one sill and cross-cuts another (see fig. 7). In the north-

west part of the area, Boulder batholith quartz monzonite can be seen cross-—
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cuttiné another basic sill (see fig. 8).

| Several samples from sills and:other basic bodies intruding
sediments of different -ages were taken-and studied to.determine-if the
sills are of the.same general lithology and mineraiogy and . thus possibly
intruded»simgltanéously; or-if they differ'lithoiogically and mineralogi-
ca;ly an@:might.rgpreseht'severalnphases.of intrusion. The lithology and
ﬁineralogy was found to. be very similar from basic sill to basic'sill;“
thus the hypothesis of simultaneous or near simultaneous injection is a
strong possibility.’ Mét;ﬁofphic:effects on the basic sill rocks; which
have altered their mineralogy, also indicate that these basic bodies are
pre-stock and batholith;'aé these igneous bodies are responsible, for the
most . part, for the metamorphiém of the sills and the sediments.

Aplites and.vein fillings are described briefly and are be-
lieved to-be a.late differentiate of the magma. Inclusions in the stock
and batholith are also. studied as. possible hints as to mode of origin of
the stock and batholith., The writer's ideas'és to emplacement will be
discussed in the structural sections of this paper.

..chation.of samples is shown by a number on the geologic map
(in pocket).,

Petrology
Basic "Sill" Rocks

No. 182 - Sample of a basic sill in the Cambrian Meagher marble,
from the southeast.corner of the area, about one mile south of Moose Creek,

Megascopic Description: The rock is a basalt porphyry

with aphanitic ground mass and is pitted on weathered surface,

Microscopic Description: The rock is a finely crystalline
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gabbro Qr_coaysely crystalline basalt -in composition and might best be termed
a d%gbasef It’is a porphy?y'containing.plagioclase phenocrysts and.the
groupdmgss‘is equigranular. There is intergfgnular texture between augite
and plagioclase, which is An65 in composition. |

The rock is altered with some of the plagioclase replaced by seri-
giﬁe and the mafic minerals replaced by chlorite and iddingsite. The feld-
spar is cloudy. The alteration in this specimen; as well as in all.the other
basic "sill" specimens, is interpreted as the result of contact metamorphic
effects produced by later intrusion of the stock and batholith.

Reaction rims between the mafics are an outstanding feature; with

augite replacing hornblende and hornblende replacing biotite. These reaction

. rims are contrary to the usual igneous crystallization, This is interpreted

as an indication of reheating by the intrusive bodies.

Mineral.Gbntent: "In this thin section, and in all follow-
ing ones, an attempt is made to .count alteration minerals as part of the per-
centage of the minerals that they are replacing. In this slide, mineral per-—

centages were estimated,

Plagioclase (An65) (sericite)m———mmmmm 60-65%
( Augite
Chlorite ( Biotite ) 35-40%
( Hornblende ) .
Magnetite 1-2%
Iddingsite trace
Rutile - trace

No. 201 - Basic sill in the Cambrian Meagher limestone in the
southeast corner of the area, about one-~half mile south of Moose Creek,

Megascopic Description: The rock is thoroughly altered

and is crumbly in hand specimen. It is very dark in appearance and medium
. \

crystalline, and no minerals can be definitely identified.
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PLATE 11

- Cross-cutting of a basic sill (dark)
by a granitic vein of stock material
located in the southwest part of the
area, intruded into the Meagher (?)
formation.

- Cross-cutting of a basic sill (dark)
by a quartz monzonite dike of Boulder
batholith material. Located just to
the southeast of the “central lobe" of
the Boulder batholith, iIntruded into
the Kootenai formation.
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Microscopic Description: The rock_is a diabase_and is
altcrcd_poph by weathering and contact metamorphicm, The rock_ic rcla-
tively.CQﬁrse in comparison with other sill rocks. It would be classi-
fied as fine-to medium-crystalline.

The plagioclase shoﬁs both Carlsbad and albite twins and has
gradational zoning. Approximate'plagioclase composition is An65 based on

extremes of An75 and An Basal twinned augite replaces hornblende in a

55°
reaction. rim relationship.
The plagioclase is sericitized and the mafic minerals are

altered to chlorite. Stilpnomelane is also present.

Mineral Content: Mineral percentages in this specimen

are estimated:

Plagioclase (An65) (sericite) ——mmmeem L5-50%
( Augite )
Chlorite ( Hornblende  JS - L5-55%
"( Biotite (stilpnomelane) )
Magnetite less than 1%

No. 286. = Basic sill in the Cambrian Pilgrim limestone in
the east part of the afea, about two hundred yards north of Moose Creek.

Megascopic Description: The rock is porphyritic with

plagioclase phenocfysts in an aphanitic groundmass. Biotite is the only
other mineral visible. The weathered surface is pitted.

Microscopic Description: The rock is a diabase and is

finely crystalline and has intergranular texture between plagioclase and
augite. Augite replaces hornblende and biotite in a reaction rim relation-
ship. The plagioclase is An70 in comPOSitionn

The‘rock is altered showing an abundance of chlorite replac-

ing the mafic minerals. However, plagioclase is not heavily sericitized.
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Stilpnomelane is also present.,

Mineral Content: Mineral percentages in this specimen were

estimated:s
Plagioclase (An7o) 65%
( Augite 3-5%
Chlorite ( Hornblende ~a 5-7%
( Biotite (stllpnomelane) —————————— 25%
Magnetite ——- 1%

! No, 291.- Ba51c sill intruding Cambrian Pilgrim formation on the

eastern border of the area, about one-half mile north of Moose Creek.

Megascopic Description: Theée rock’is fine-grained with some
biotite and amphibole visible, along with plagioclase. The weathered surface
is pitted, which seems t6 be characteristic of most of the sill rocks.

Microscopic Description: The rock is an altered diabase

with the plagioclase sericitized and the mafics chloritized, Stilpnomelane
is also present. The rock is finely crystalline and is relatively equigfanu-
lar, |

The plagioclase shows gradational zéning and is cloudy. It has
an average composition of An65 which is approximate due to zoning. This com~
position is an a&erage of the‘exiremes of An55 and An75. Intergrénular tex—
ture between augite and plagioclase was observed.

 Mineral Content ~ Mineral percentage in this specimen was

estimated:
Plagioclase (An65) SR (o W 3¢ : 4
Quartz 2%
Magnetite -—~ less than 1%
( Hornblende =-- 10%
Chlorite ( Augite 15%;
( Biotite (stilpnomelane) -—-—em 15%

No. 293. = Basic sill in the Cambrian Red Lion formation from the

eastern part of the area, about one-half mile north of Moose Creek.

Ny
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MEgasqopic Description: The rock islporphyritic with an

aphanitic matrix .and the phenocrysts are plagioclase. No other minerals
are identifiable.

Microscopic Description: The rock is an "amphibolé rich"

basalt porphyry as there is 'a greater percentage of amphibole than pyroxene.
It is finely crystalline and equigranular and is altered; with plagioclase
almbst obliterated by sericite and the mafics éonverted; for the mﬁst part;
to chlorite aﬁd magnetite. The mafic miner;ls show réaction rims and aﬁgite
forms intergranular texture with plagioclase°

Mineral Content: Mineral percentages in this specimen

were estimated:

Plagioclase (An7o) ——————————— 65%
( Biotite )
Chlorite ( Hornblende ) : 30-30%
( Augite )
Magnetite - 1-2%

"‘No. 343 - Rock is from an irregular basic intrusive in the Madi-
son limestone in the eastern part of the map area, about one-fourth mile
south of the séuthern border of the Boulder batholith.

Megascopic Description: The rock is very dark, aphanitic,

and is not porphyritic. Tentatively an amphibole and plagioclase can be
identified while other minerals are microscopic.

Microscopic Description: The rock is diabasic texturally,

and is rich in augite and plagioclase. It is very finely crystalline and
equigranular. The rock is altered, the mafics replaced by chlorite ard

iddingsite-and the plagioclase sericitized,
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Mineral Content: Mineral perdentage was estimated:

Plagioclase (An65) 55-60%
( Biotite" 5-10%
Chlorite ( Hornblende : 10%
( Augite 25-30%

Magneétite 3-5%

Iddingsite -~ trace

No. 635 - Irregular basic intrusive in the Cretaceous Kootenai
formation in the northern part of the érea, about 100 yards north of Tucker

Creek, )

Megascopic Description: The rock is dark and‘aphénitic and

some plagioclase is visible, but other minerals are not identifiable.

Microscopic Description: Based on the large percent- of

augite and plagioclase, the rock is a basalt. It has some phenocrysts of
plagioclase and augite and a finely crystalline groundmass. This specimen
is not heavily altered as there'is little chlorite present and the plagio-
ciase is not sericitized. .Some iddingsite was seen. - Reaction rims are
present with augite replacing hornbleﬁae; and there is intergranular texture
involving augite and plagioplase. The plagioclase displays Carlsbad and al-
bite twinning and -shows gradational.zoning; The average composition of the
plagioclase, based on extremes of An55 and Ahsb is An7o.

Mineral Content: 4 1500 point count was made to accurately

. determine mineral percentages.,

( Augite -~ 49%
Chlorite ( Hornblende ——————————me 8%
( Biotite 2%
Plagioclase (An7o) ————— 36%
Magnetite . 5%
Sphene trace
Iddingsite' ———————————— trace
<, Total - = = — = = 100%

No. 673 -~ Contact between the Moose Creek stggk and a basic sill
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in the southwestern part of the area. The basic sill is in the Cambrian
Meagher (?) marble,

Megascopic Description 2£ Basic Rock: The contact be~

tween the acidic stock and the dike rock is very sharp, Megascopically
there is no alteration. The sill is fimelycrystalline but equigranular and
holocrystalline;- and biotite, amphibole and plagioclase are visible.

Microscopic Description: The mafic sill has been altered

considcrably with mafic minerals conwerting to chlorite and magnetite and
plagioclase to sericite. There is a chill border on the '"granite". The
sill grades from finely crystalline in the center to very finely crystal-
line near the contact.

"Mineral Content: The mineral count is not dependable since

alteration is so advanced. Contact metamorphism is most probably responsible

for this extreme alteration.

Calcic Plagioclase (very sericitized) ——- 65%
( Biotite ‘ .
Chlorite ( Hornblende _ ‘ 30%
( Augite
Magnetite 5%

No., 685 ~ Basic sil1l in the Cretaceous Golorado formation in
the northern part of the area, just to the southeast of the "central lobe"
of the Boulder batholith on the map.

Megascopic Description: The rock is dark and aphanitic

with all minerals being microscopic.

Microscopic Description: The rock is a "diabase" porphyry

"~ with easily visible laths of plagioclase in an almost cryptocrystalline

groundmass. There are also large grains of augite present. The plagioclase

shows gradational zoning and €arlsbad twins, and is partially sericitized.
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An average composition for the plagioclase, based on extremes of mnéb and

Angn, is'An7é. The mafic minerals are chloritized and twinned augite re-

places hornblende in reaction rims. Stilpnomelane is also present.

Mineral Content: Mineral percentage is estimatéd:

Plagioclase (An7o) (sericite) —————- 35%
: ( Horrblende )
Chlorite ( Augite ) PO ¢ ; 4
' ( Biotite (stilpnomelane) )
Magnetite ) : : 5%
Sphene © ) \

Summary of Basic Sills

Petregraphy shews that sills generally are of £he-same mineral
composition; althougn samples are random and not more than one was taken from
any particular body. It is possible-that mineraiogy might vary more than is
shown, However, this apparent similar mineralogy from.sill to sili suggests
a common source .and tine of emplacement for all the basie :'Lgneous'bodiee° Had
!‘there been different source in time, the mineralogy would probably vary from
sill to eill. Also, the rocks are generally altered show1ng the effects of
baking or contactvmetamorphlsmd This indicates intrusion of the basic sills
to be pre~batholith and stock in age as the latter apparenfly are responsible
for the metamorphic alteration. Truncation and cross-cutting by these massive
acidic intrusives also shows that sill intrusion is pre-batholith and stock
(see p.28 ). |

In general, rocks are diabasic, The plagioclase shows grada-
tional zoning in some specimens and not in others; and is cloudy in some speci~
mens; and not in others. It is probable that the basic bodies have a common
origin and all are probably of the same age, or nearly the same age, of in-

trus:.on°

—
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Average mineralogy of the basic rocks is:

.Plagioclase (Anéo 70) (serlclte) ————— 50%
R ( Augite —= 25-1,0%
Chlorite ( Hornblendé ----- 10%
' ( Biotite (stilpnomelane) 5-10% -
Magnetite e trace
Iddingsite trace,

Moose Creek Stock
No. 135 - Sample from an isolated igneous bbdy in tﬁe southeast-
ern corner of the area, intruded into the Belt.,

Megascopic Description: The rock is generally,gra& in color

and is medium-grained, phaneritic, equigranular and holocrystalline. The rock
displays an abundamce of quartz and bisotite. ‘Both plagioclase and orthoclase
are present under the hand lens although it is difficult to'determine their
relative percentages megascopically., |

Microscopic Description: The rock is a quartz monzonite.

Plagioqlgse is,seficitized slightly and many crystals show gradational zoning?
An average plagiodlése composition is @nho, based on extremes of An30‘£° KMEO,
The amphibole is hérnblende‘and there i1s a trace of augite with hornblende re-—
placing the augite in reaction rims. There is a greater percentage of p}agio—
clase tgan orthoclase.,

Mineral Content: Mineral percentage was estimated:

Quartz 5 - 10% .
Plagioclase (An)q) —=———————v 35% .
Orthoclase 23 ~.30%

Hornblende - 10 - 15%

Augite —-< : trace

Biotite . 15 - 20%

Magnetite 1%

No, 383 - Sample from the northwest corner of the Moose Creek

stock, Just to the northwest of the large Madison roof pendant .

Megascopic Description: This rock is generally very light
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in appearance and -appears to be very acidic and phaneritic, equigranuiar and
holocrystalline. Biotite is the major dark mineral although some amphibole
can be seen, There is an abundance of quartz. The feldspars carnot. be

differentiated in hand specimen,

Microscopic Description: Though megascopically it looks like

true granite, the rock is a quartz monzonite and is very coarsely crystalline,
equigranular and holocrystalline. There is some.hornblende in the rock and

the potassic feldspar is microcline,

Minéral Content: A 1500 point count was made for accurate

percentage determination:

Quartz 22%
Plagioclase (Anyp)-—--—- 3%
Microcline ~—————meeme—u - 23%
Perthite 9%
Biotite 9%
Hornblende 3%
Magnetite 2%
Total = = = = ~ — = 100%

No., 671 - Sample from the southeast corner of the stock, adjacent

. to a much intruded outcrop of Cambrian ﬁbagher (?) marble,

Megascopic Descriptions The rock is very white and is fine-
to medium-crystalline, Abundant quartz, and some biotite are visible, The

feldspars camnot be differentiated.

Microscopic bescription: The rock is a fine-grained gran-
ite as it is very rich in quartz and potassium feldspa? ang is lacking in
mafics. It is finely crystalline and is equigranular ‘and ‘holocrystalline.

Most of the feldspar is microcline.

Mineral Content: Mineral percentage is estimated:

Quartz —-- 65-75%
Microcline 25-~35%
Biotite {chloritized)..... 2%




LO

Magnetite . trace
Plagioclase (An;g) —--———- 3%

o Ihg rock is extremely acidic and is not a representation of the
true gteck rock, It is mbre likely a iate~differentiate; perhaps the south-
West corner of the étock is more acidic than the main body and could repre-
sent late differéntiétion; .

No, 673 - Sample  of a stock-like rock and a basic sill iﬁ con-
tact in the southwest part of the stock. The sill is in the Cambrian Meagher
(?) marble whereas the'stock-like rock is separated from the main mass of the
stock.

‘MEgascopic Description: The "granite" section of this rock

is very light in appearance and is fine—to medium-crystalline, It is phaﬁeri—
tic, equigranular and holocrystalline, . @uartz is a major mineral and the

feldspars are-also abundant, but there are few mafics.

1‘Microscqpic Description: Qmértz and orthoclase make up al-
most the entire rock. It is eqﬁigranular, holocrystalline and medium crystal-
lineline, It might be termed an alaskite,

Mineral Gontent: The mineral percentage is estimated:

Quartz 55%
Orthoclase LO%
Hornblende —m=—m 1%
Magnetite trace
Biotite ' L%

The rock is not representative of the major mass of stock but it
is on the édge and may be a late differentiate, It is similar to No. 671 and
strengthens the possibility that the southwest pért of the stock is a late
differentiate.

Stopk Inclusions

No., 16 - "Xenolith" found in the~east—c¢ﬁtra1 portion of the
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stock, about one-half mile north of Moose Creek and one-half mile west of

the eastern border of the stock.

Megascopic Description: The rock generally is dark in

appearance and is finely crystalline, ,Its edge in contact with the stock
is altered. Biotite, quartz and plagioclase are abundant .

Microscopic. Description: After staining, it was found that

orthoclage is not abundant. Plagioclase of composition Anhb is the dominant
feldspar. There is a very high percentage of magnetite and the rock is
quartz diorite in composition although it is peculiar in its mineralogy. It
has probably been carried from depth and, in traﬁsport, plagioclase has been
altered and made more sodic. It is generally true that the magma will alter
xenolith minerals towards its own composition. Perhaps quartz has also been
added. The rock might have originally been more basic, perhaps a piece of
one of the basic intrusives.- .

Mineral Content: Mineral percentage is estimated:

Quartz —- 15%
Orthoclase 5-10%
Plagioclase (Anho) ————————————— 25-30%
Hornblende 10%
Biotite — 30%
Magnetite 10%

No. 120 - Sample of "joint filling" from southeastern border of
the stock.

Megascopic Description: The rock has the appearance of an

aplite in composition, being very fine-grained, light in colof, and rich in
quartz. Few mafics were seen. The contact between the stock and the frac-
ture is very sharp.

Microscopic Description: The rock is granitic in composi-~

tion, being rich in microcline and quartz. The edge of the intrusion is chilled,
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and the rock as a whole is very fine grained.

Mineral Content: A 1500 point count was made for accurate

estimation of mineral percentage:

Quartz- - 29%
Microcline ——————mmeememu 6L%
Plagioclase (An5) ———————— 3% ’
Biotite 2%
Perthite 1%
Magnetite - 1%
Total - - - - - 100%

This rock is probably a late differentiate, perhaps controlled
by the jointing,

No., 407 = Inclusion from the northwestern border of the stock.

Megascopic Description: The rock is dark, fine-to medium-
crystalline; and equigranular. Quartz and biotite and what is assumed to be
plagioclase are in evidence. There are "pods" of quartz in the rock which may
be the.resuit of reaction of the "acidic" stock with the xenolith.,

Microscopic Description: The mineralogy indicates that there

has been reaction between the stock and the xenolith. The xenolith is rich in
plagioclase and biotite with minor amounts of quartz. Quartz may be the result
of stock influence as the other mineralogy indicates a fairly basic rock. There
may have been reactioﬁ in which orthoclase of the stock reacted with augite in
the "basic" inclusion to produce biotite and quartz (Ramberg; 1952; p. 152),

_ &lso; the plagioclgse of the xenolith might have originally been about Kh7o.in-
‘composition and reaction with plagioclase of the s@oqk has altered it to ibs
present An5on This reaction is probablylvery similafzté the reaction in speci-
men 16, |

" Mineral Content: & 1500 point count was made for accurate

estimation of mineral percentage:




43

Quafts —- 7%
Plagioclase (An5o) = 67%
Biotite ——- 18%
Hornblende - L2
Magnetite ————— o L%
Sphene - - trace
Total - - = - = - - 100%

The rock now is a quartz diorite but might have originally been

a more basic rock; possibly one of the previously described sill rocks.

Summary of Moose Creek Stock

The average composition of the main body of the stock is quartz

monzonitic with:

Quartz SR 20%
Orthoclase or microcline—~——————- 25-30%
Plagiclase (Anys_gg)--—m--—m--— 30-35%
Biotite =2 15%
Hornblende — : 5-10%
Magnetite 1%

However, evidence is strong for differentiation. Slides 671 and

673 are very acidic granite and probably represent a late differentiation,

perhaps most common in the southwest part of the stock. This late differen-

tiation might also be responsible for the "joint fillings" (No., 120) which

are also very acidic. The writer, however, did not attempt to map this

differentiate. The average composition of these acidic rocks is:

Quartz - = 35%
Orthoclase or microcline ——————- 60%
Plagioclase (Ang)-——————mommmmow 2%
Mafics (biotibe) —————— 29
Magnetite ——-- ‘ 1%

Total = = = = = -~ = 100%

The inclusions (xenoliths, numbers 16 and hQ?) are most likely altered

basic igneous rocks which have been brought up from depth during injection of

the stock and have been altered.

The quartz in these inclusions may be the result of reaction with
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‘the s@ock_magma asmmentioned in discussion of slide 407, This reaction‘ of
or@hoclase With auéite can produce quartz and biotite'(Ramberg; 1952; p. 152).
Lack qf amphibole and pyroxene is also probably the result of this reaction.
Plggioclase has probably been saturated with sodium, perhaps altering its An

ratio from Mn7o to about AnhO“ The approximate composition of the inclusions -

is: )
Plagioclase (Ahuo) S— 60%
Quartz - . 20%
Biotite S -— 15%
Hornblende - 5%.
Boulder Batholith
No. 488 - Sample of batholith rock from the northeast part of the
area.

Megascopic Description: In hand specimen the rock is rela-

tively dark, is phaneritic, of medium grain size, and is equigranular. Quartz,
biotite, and plagioclase are all readily visible under the hand lens.

Microscopic Description: The rock is quite rich in plagio-

clase of approximately Ahso in composition which shows Carlsbad twinning and
gradational zoning. The biotite, hornblende, and small percent of augite shows
a reaction rim relationship. Augite is being replaced by hornblende and horn-
blende by biotite.

Mineral Content: 4. 1500 point count was made to accurately

determine mineral percentage:

Quartz - - %
Orthoclase : - 19%
Plagioclase (An55) ———————————— 55%
Biotite - - 9%
Hornblende 3%
fugite e 5%
Magnetite _— ——iee 2%
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_ The rock is a "basic" éuartz monzonite although there is not
enoggh.qugrpz.tO‘have to restrict it to quaréz monzonite. It can be termed
a monzqnite. It is slightl& more basic than the typical stock quartz mon-
zonite,

. No. 502 - Boulder bathelith rock from the northwest part of the
area - southern tip of thesBoulder‘batholitha The sample was collected

about a mile from the batholith-country rock contact.

Megascopic Description: The rock is relatively dark,

phaneritic, medium-grained, and equigranular. Quartz, feldspar, biotite and

amphibole are all visible in the hénd specimen;

Microscopic Description: The potassium feldspar-plagio~
clase ratio is almost equal and the rock is a gquartz monzonite as there is

an abundance -of quartz,

Mineral Content: Mineral percentage is estimated:

Quartz - : - 15%
Orthoclase _— 25%
Plagioclase (Ah5o) —————————————— 25-30%
Hornblende - 15-20%
Biotite - - 10-15%
Magnetite : 1%

No. 504 - Boulder batholith sample from the northeast part of
the area. This sample, like 502, is also from well within the batholith.

Megascopic Description: ' The rock is almost identical to

number 502 in appearance. It is dark and medium-grained, phaneritic, and
equigranular. Quartz, feldspars, amphibole and biotite are all visible

‘megascopically.

Microscopic Description: Reaction rims are present with
biotite replacing hornblende, which is replacing augite. The plagioclase

displays Carlsbad twins and gradational zoning and is about Anh5 in compo-
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sition.

Mineral Content: A 1500 point count was made to accurate-

ly determine mineral percentage:

Quartz — 13%
Orthoclase : 16%
Plagioclase (Ah45) L6%
Biotite — 9%
Hornblende 6%
Augite 6%
Magnetite ——————-n L%

Total -~ ~ - - ~ 100%

The rock is a "basic" quartz monzonite. Actually, it might be
termed granodiorite as the plagioclase-orthoclase ratio is 3/1,

No. 677 - Boulder batholith sample from the northwest part of
the map areaj; in the western "lobe" of the batholith. The sample is close to

the Tertiary sediment-Boulder batholith contact.

Megascopic Description: The rock is dark, phaneritic,
medium-grained, equigranular and holocrystalline. There is a large percent
of amphibole in this specimen. Plagioclase and quartz are also visible.

Microscopic Description: There is a trace of pyroxene,

but most of it is repiaced by hornblende. Plagioclase occurs in abundance
and is Carlsbad and albite twinned. It also shows gradational zoning and
is about of Anh5 composition.

Mineral Content: A 1500 point count was made to -accurate-

1y determihe mineral percentage:

Quartz - - 13%
Plagioclase‘(Anh5) —————————————— L1%
Orthoclase — 18%
Hornblende "12%
Biotite: 11%
Magnetite 3%
Pyroxene (augite)-———————cmmm—m—— 2%

N
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The rock is a "basic!" quartz monzonite or granodiorite,
No, 676 ~ Joint filling found in the Boulder batholith in the
northwest part of the area, separated slightly from the main body.

Megascopic Description: The rock shows a "graphic gran-

ite" texture and is very light in color and fine grained. There are a few
mafics present but the rock is almost entirely quartz and orthoclase,

Microscopic Description: It has definite intergrowth of

orthoclase and quartz, Orthoclase is strained slightly and, as the stage
is rotated, all of the orthoclase is extinct at once indicating it to be
one large crystal with quartz stringers. The quartz shows extreme strain

shadows.

Mineral Content: Mineral percentage is estimated:

Quartz LO%
Orthoclase 59%
Biotite - less than 1%
Pyrite - less than 1%

This rock is a graphic granite and is probably a late differ-
entiate, perhaps closely related to the granitic joint fillings (number 120)
in the stock.

Summary of Boulder Batholith

The Boulder batholith is fairly uniform in composition. It is
a "basic" quartz monzonite or, based on its plagioclase-orthoclase ratio,
close to granodiorite,

An average mineral assemblage is:

Quartz —-- 15%
Orthoclase —— 18%
Plagioclase (Anh5) ___________ LO%
Biotite - 10-15%
Hornblende 10%
Augite ———mmmm e © 2-5%

Magnetite 1%
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The "joint filling" (number.676) is probably a late differentiate
an@ not_clqsely related to the batholith. It may represent a later acidic
peripd which has also produced the\very granitic joint fillings in the stock.

Coﬁclhsions

It is shown that the basic rocks are pre-stock and pre-batholith
in age. The stock and batholith differ in some respects: the texture of the
stock is génerally coarser than that of the batholith and the stock is also
lighter in color. However, mineralogically; the stock and batholith both
appear to be quartz monzonite in composition; although the batholith is a bit
more basic quaftz monzonite. However, it is believed-that they are closely
related in time of intrusion and are probably merély one body with over-
Lying metasediments burying the contact. Evidence is not‘stréng enough to
assume that the stock is a later differentiate. |

The stock has some rocks whichlappear to be closer to granite im

composition and ﬁay represent é later acid phase of intrusion., The joint
fillings and aplites definipgly represent a late acid differentiate.

The inclusions in the stock might represent a more basic igneous

rock carried upward with the intrusives énd reacted upon to form the present

rock. Their actual origin can only be speculated upon.

STRUCTURE

Structure in the area is inherently complex; and the structural
picture is further clouded by poor exposures, necessitating the use of gues-
tion marks for inferred structural interpretation on the map.

The area was aeformed during "Laramide" time; and perhaps at other
intervals during. geologic time. Following Laramide deformation; igneous irn-

trusion and ﬁetamorphism has further complicated the deformation. There is




Fig.

Fig.

9.

10.

49
PLATE 111

Photo illustrating color and texture
differences between quartz monzonites
of the Boulder batholith (left) and
stock (right). The stock is more
coarsely crystalline and is lighter
in color than the batholith.

Inclusion in the Boulder batholith.
The inclusion is generally darker
and more finely crystalline than the
rock of the batholith and differs in

its more basic composition (see
petrology).
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alsg~§yidence qf 1a@ter structura¥ activity in that the Teftiary basin
deposits to the west are deformed.

Regional dép in the area is generally 30 to 40 degrees tq the
nortﬁf M@Mannis'(l960, personal communication) believes that this regioﬁ~
alhdiﬁ might be the result, in part, of uplift along a major east-west
trending fault to the south.of the map area. Sahinen (1939) has mapped
thisAphenomena as an unconformity between Belt sediments and Precambrian
metamorphics, but McMannis feels certain that the true relation is a fault.
This regional uplift might then have been further accentuated by similar
faults to the north of this area which have since been‘bbliterated by the -
Boulder batholith. Northward regional dip could also originate as phe-
nomena along the southern flank of a lérge east-west trending syncline
with its north flank assimilated by,intrusién of the Bouldér batholith.,
However, the idea of regional uplift along fault planes has more direct
evidence in its sﬁpport than does a regional syncline.

The northward regional dip is complicated by several tight
north-northwest trending folds which deform the meta-sediments around the
edges of the igneous intrusions. These north plunging folds,”which are
bestvdevéloped to the east and southeast of the Moose Creek stock, ére
further complicated by extensive small scale faulting. In the northern
part of the area; in the vicinity of Tucker Creek there is only one major
fold; a large anticline involving all the meta~sediments in this parf of

the map area. This anticline is nearly asymmetrical and its west flank
is very steep and slightly overfurned. |

On the west side of the Moose Creek stock one obvious anti-

cline and some less conspicuous folds comprise the major Laramide structure.
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McMannis (1960, persondl comﬁunication) confirms the presence of
several north-northwest trending folds to the south of the map area. He fur-
ther_states_thqt @hese folds are more gentle than the tighter folds‘found_in
the writer's area. It appears likely; then, that forceful injection of the
igneou; rocks accentuated preexisting folds. The area north of the Moose
Creek stock is extensively faulted and this faulting is probably related to
intrusive forces (see fault sys?em), If this is a correct assumption; then
the tightening of preexisting folds' may also be attributed to forceful in-
jeqtion. There is no direct proof of this idea, but field relations indi-
cate that 1t is -a strong possibility,

The folds in the easterﬁ and southeastern parts of the area in-
volve Precambrian to Devonian rocks as well as basic igneous sills. These
folds are roughly symmetrical and dip approximately 40 degrees on both limbs,
The relationships date the sills; probably; as pre-foiding. The sills are
assumed to be of post~Colorado age in that they intrude these Cretaceous
sediments. Thué; the period of folding is, at least; of post-Colorado age.

To thg west of the Moose Creek stock is a small, steep-limbed,
slightly asymmetrical anticline which does not trend paraliel to the other
folds in the area, but swings more to the northeast. Its trend may be the
lresult of faulting or of extreme distortion due to igneous injection.

Fault System

Structure of the area is complicated by much -small-scale fault-
ing which is especially common to the north of Moose Creek stock. There is
no clear-cut pattern to these faults as they are generally at random direc-
tions throughout the area, Most of these faults appear to be normal; al-
though some are probabiy reverse. Poor éxposures prevent accurate observa-

tion of fault planes,
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Many faulté have minor displacements and, in some instances,
minor faultg were mapped from air photos without direct field evidence. In-
few instances is a fault plane observable in the field, thus most of the
mapped faults are dashed indicating that they are hidden and often their
mapped extent is questlonable° Also, since their angles of dlp are unknown,
they are tentatively constructed as vertical faults on the cross sections.

The random orlentatlon of the fault system 1nd10ates to the
writer that, for the most part, these faults may be the result, or partlally
the result of, effects resulting from the injection of the igneous bodies.

The hypothesis has been previously forwarded that the forceful
injection of the igneous stock and baﬁholith_probably accentuated pre-exist-
ing folds by exerting’strong lateral force. In conjunction with this lateral
force; the overlying block of sediments could have been subjected to shearing

_or tensional forces producing the present fault pattern. Whether the fault-
ing was contemporaneous with, or followed intrusion remains conjectural. If
ﬁhe faulting had occurred during injection, there should be igneous material
along some of the fault planés, However; this phenomena was not found in the
area.

The more acceptgble hypothesis is that the faulting occurred dur-
ing the late phase of injectién, perhaps as a result of shear . Then possibly,
during cogling,and contraction of the igneous Eodies, the resulting shear
patterns might have been accentuated. HOwever;'to definitely support this
hypothesis, there should be evidence of offset on the igneous contact along
some of these faults. The writer found no such definite offsets.,

In almost every case the faults were tentativelyhextended to con-
tact with the igneous bodies, without direct evidence of these faults being

present, Also, in almost every case, the igneous~country rock contact is
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covered Thls cover might easily obscure the offset in the 1gneous body,
espec1ally if offset is not partlcularly great. Most of these faults do
ngt appear tg have large offset; thus, the possibility of late or post-
igneous intrusion faulting is good. The faulting in the northern part of
the area is more extensive than in other parts mainly because this block

of meta-sediments is bounded on almost all sides by the igneous material
and has probably been subjected to greater pressures; probably by squeezing
between the stock and batholith. Areas to the west; east and south are not
completely surrounded'by the igneous rocks, and thus escaped more severe
deformation, -

Northern Fault System

The "northern fault system" is designated as that area to the
north of the Moose Creek stock and to the south of the Boulder batholith,
Included in this area are Mt. Humbug and Tucker Creek. lTwélve faults are
mapped in the "northern® block" and more.may exist.

The most westerly fault in this Block strikes approximately
N 45 B and blages the Madison marble against the upper quartzite member of
the Phosphoria, This fault paréllels the strike of bedding and also is
truncated by a lobe of the stock; it then reappears to the east where it
strikes_more nearly north and continues to conform to the strike of the
bedding. This fault is probably a strike fault and there is a strong pos-
sibility that it was déveloped during tﬁe initial orogeny>which folded the
sediments; and then has been further distorted, along with the Sediments;
during intrusion. The fault's termination against the Moose Creek stock
suggests that it is pre-intrusion in development and, unlike most of the
other faults, is probably not directly the result of forceful intrusion.

Some of the other faults which appear to be truncated by the igneous bodies
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may po@_gqtually extgnd tg the igneous bodies, the actual relationship
being covered_(see p;52 ). ' _ .

| Just‘to the east of this bedding plane fault; and tentatively
truncating it, is a N 10-15 E trending fault. This fault apparently ter-
minatgs_to tﬁg north against a small aplitic body, but its southern tera‘
mination is unknown and it is tentatively extended to the northern border
of the stock. Perhaps the later intrusion of the aplitic body is related
to it, although it is possible that it was developed durlng intrusion of
the stock and bathollth and that the aplite was later 1ntruded along this
weakness plane. This fault generally places the Quadrant and the marble-
phosphate member of the Phosphoria on the east against the upper quartzite
member 6f the Phosphoria on the west.: The fault appears to have a strike-
slip mgvement, the east block being mo%ed to the north. Howevér; this re-
1atiqnship might be explained by steep, normal movement with the west side
dGWn.

The east side of the above fault truncates a N 50 W trending
fault.. The latter's trace is marked by two springs making it relatively
accurate in location., It tefminates in its northwest extreme against the
previously described northeast trending fault; and in its southeast ex-

treme against the stock. The fault truncates a small fold to the soﬁthn

west and places the @uadrant against a series of older beds. Normal move
ment with southwest side up can explain its relationships (see cross-sec-
tion C=G!), |

To the northwest and trending in the same N 45 W direction is
another small fault which terminates to the northwest against the Boulder

batholith and to the southeast against the previously mentioned small aplite
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body. This fault offsets Cretaceous and Triassic meta-sediments, generally
disglgcing thgnsecﬁion to the northwest on-the southwest side of‘ghe fault;
?his re}ationghip qould be the rqsu%t of paytial strike slip movement; bu@
can also_be aqcounted for by s@eeply dipping normal movement; with phe south-
west side down, when topography and dip of sediments are considered.

In the central part of the "northern block" is a N éQ BE-trending
fault_whiqh approximately follows the nortH fork of Tucker Creek. Thié fault
terminates‘on the southwest against the previously described N 45 WLtrending:
fault; and on the northeast, prébably, against the Bgulder batholith. This
fault generally complicates the ﬁorth—plﬁnging anticline in thiérarea’by dis-—
placing the southeast segment of the eastern limb to the northeast. This re~
lationship is probébl& a high angle‘normél fault with the nortﬁ side down;
rather than strike slip, when topography and dip relationships are considersd.

Also; in the central section of the "northern block" a N éO W=
trending fault occurs and terminates to the ﬁest agaipst an irregular-shaped
basic intrusive and to the east; probably, against the Boulder batholith,
This fault further complicates the eastern flank of the fold which occupies
the "northern biock." Its major effect has been to move the southernlside of
the fault slightly to the west with_respect to the northern side. Displace-
ment is probably not great and the movement on this steeply-dipping fault is
south side down.

Branching from the latter fault, and striking N 45 E, islanother
small fault which terminates égainét the 'stock to the‘southwest. This fault
has slightly displaced the northwest side of the fault to the southwest. Dis-
placement is small and the movement is probably a high angle normal fault,
with the northwest side down. The fault does seem to broaden the outecrop

width of the upper quartzite member of the Phosphoria, which is probably due
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to drag phenomena or a lessening of dip (see map),

Thgre.are_four small faults to the east of this fault in_the
Yiginity of Mt. Humbug. These faults have small displacemeﬁt and are
ac@ually little more than strong _fractures° Their extent is not great and
their movement is probably dip-slip on a wvertical fault plane.

_ Thg last fault included in the "northern block" occurs in:the
porﬁh'central part of the Moose Creek stock where the'Madison is almost'
surrounded by the intrusive and has been.badly distorted, This fault is
mapped. because of a sudden 90 degree shift in strike of the Madison. This
ié_the only mapped fault in this small area, but there may be others which
account for other drastic-strike'changes in this block of marble, Dis-
placement and relative movement were not determined.

Western Fault System

The "western fault ;ystem" lies in that area west of the igneous
stock and south of Tucker Creek,

Structural relationships in this part éf the area are largely
covered by Tertiary basin deposits; but two smgll exposures display complex
structure.

The central part of this "western block" contains a series of
folds which -are complicated by two (?) hypothetical N 45.E to N 60 E trend-
ing faults. These faults were mapped on the basis of structural and strati-
graphic relations. They.are buried by alluvium,

| Both faults essentially eliminate the synclines in thié area
(see cross section D-D'), Anticlindl folds'invol§ing the Madison and Threé
Forks formations are répeated. Structural relationships indicate that these

are probably high angle normal faults, with south side down in both cases,




57

and'have fa?rly lafge displacement; although an estimate of displacement is
conjectural.

In the extreme.sguthwestern part of the area, there is a small block
of Palgo%oiq limestong. It has beem mapped tentatively as Méagher; but could
bglPilgrim_or Madison. Theodosis'(l952) maps it as Madison and also maps
some Amsden in this area. The writer did not observe the Amsden; however;
and can find ﬁo other definite indication that the marble is Madison.

This block of carbonate appears to be in fault contact with the'Belt»
to the south, thoﬁgh covered, and the fault apparently strikes N 65 E. The
movement along it is probably normal with the north side down. _Estimates of
the amount of displacement depend directly upon the identification of the
carbonate unit. If it is Meagher, the indicated displacement.is not nearly
so great as if it is Madison marﬁle, The carbonéte block also is severely
distorted by multiple intrusion of basic dikes, sills and aplite bodies.
These have severe;y fragmented the marble and produced minor faulting within
this unit.

Southeastern Fault System

The southeastern block. consists of the area on the eastern gnd
southern sides of the Moose Creek stock; and to the south of Mt. Humbug, This
large area is not overly éomplicated by faulting, and only four minor faults
were méppedo

On the eastern side of the stock afe'two small, generally north-
trending faults, wﬁich slightly aisplace part of the Paleozoic section. The
fault to the north truncated by the stock eliminates the Three Forks forma-
tion for a short distance. The fault located just north of Moose Creek and’

gast of the stock slightly displaces some of the basic sills found in the
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P%lgrimﬁ"It-is probgbly a high angle normal fault with the west side down and
is of unknown_eztentq

South of Moose Creek are two small faults trending generally north-
northwest. The largest of these two, which terminates against a lobe of the-
stock, displaces the east side to the north. This fault is probably a high
angle normal type, and the attitude of the beds and slope of topography in
conjunction with nearly vertical movement; give the fault the false appearance
of strike—slip movement on the map. The other faulf, to the west; is very
minor, displacing the Belt-Flathead contact slightly. A

Late Cenozoic (?) Faulting

The fact that the Tertiary sediments in the weStern‘part‘of the
area dip as much as 15 degrees to the east indicates Lé£e Cenozoic (?)
structural deformation. The source of these beds is probably fo the east,
yet the beds dip toward their source. A feasible explanation fof this rela;
tion is that there could be a major fault close to the western edge of the
stock and trending approximately N-S. A possible fault relation is diagrammed

in figure 11.

Fig. 11, - Possible fault relation along the west
side of the igneous stock and producing
the eastward dip of the Tertiary basin
deposits.
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npow?dropping'of the Tertigry sedimenﬁs_m%gh% gxplain tﬁ%ir ea§t-
ward_dip?.although a drag phenomgng? such gs”illustrated in thgnsképch;‘was
not observed, dug'to alluvial cover. However, ﬁhe dip does dgcrease frqm -
West to.east which might be an indication of a beginning of drag relation-
sﬁip along the fault trace or, possibly, of deposition during fault movement.,

Jointing'

Jointing is very common both in the meta-sediments and in igneous
rocks.,

In the meta-sediments joints are most common in the very brittle
quartzites and argillites such as the Quadrant, phosphoria quartzite member;
and the Dinwoody. dJoint directions are numerous and orientation is random.
The jointing usually obscures bedding and is very strong. As many as five
directions of jointing are present in some outcrops. There is a possibility
that igneoﬁs intrusion has been a factor in developing some of this jointing
by contact metamorphism, although sedimentary rocks‘to the south, unmetamor-

phosed and not in proximity to igneous intrusive, are also strongly jointed,'

The Boulder batholith has a joint pattern which has dominant east~
west and north-south sets. Dip of jointing varies, but is usually very steep.
The dominant joints rarely have more than a five degree variation from true

north-south or east-west strike.

The stock, on the other hand; has a more randem joint pattern.
An overall average in the stock shows a north-south, east-west trend; but -

several localities can be found where the dominant jointing is at an obliqﬁe (
v 1Aty La

e

angle to this trend. - ' o RN

1%728%
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Fig. 12. - Jointing in the Boulder batholith.
Joints here are vertical and oriented
north-south and east-west. Notice
also the presence of horizontal joint-
ing.
Igneous Intrusion
As has been mentioned previously, the writer believes that the
major mode of intrusion of the Boulder batholith and stock was forceful in-
jection. The abundant faulting and apparent squeezing of the meta-sediments
supports this hypothesis, as has been shown. Stoping is probably very im-
portant also, especially in the batholith where the stratigraphic section
has been assimilated and its space now is occupied by the batholith. The
stock has also assimilated part of the section, notably the Park, Pilgrim,
Red Lion, Jefferson and Three Forks formations. However, the stock also
seems to have shouldered aside some of the section as it forced its way into

the country rock. The Madison and younger rocks seem to '"swing" around the

stock, especially in the northwest corner. Thus, the stock may be partly con™
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cordant in some places.

The stock lies on line with a striking east-west termination of the
Boulder batholith as seen on regional maps and this is a possible indication
of fault control for these intrusions. Smedes (i960, personal communication)
believes in the possibility that the Boulder batholith is fault controlled,

and this east-west feature might be supporting evidence for this idea.

Fig. 13, - Jointing in the igneous stock.
Joints are oriented at about
N 100 W and N 80° E, and are
close to vertical.

GEOLOGIC HISTORY

Laramide structural history for this area begins in Cretaceous time.
History prior to Cretaceous is dominantly characterized by the deposition
of the Precambrian, Paleozoic and Mesozoic sediments with interspersed
hiatuses.

Probably the initial important event in the Cretaceous history of this

area is the intrusion of the basic igneous sills and other irregular bodies.
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These sills intrude the Colorado group, thus they postdate this Cretaceous
deposition. In turn the sills are metamorphosed and truncated by the stock
and batholith, so they predate this intrusion. They are also deformed as
much as the meta-sediments, thus most likely they precede the main deforma-
tion of the Laramide orogeny.

Laramide deformation, then, is probably the next major event chrono-
logically after emplacement of the basic igneous rocks. The writer believes
that intrusion of the stock and batholith intensified previous folding by
applying compression during forceful injection. Also, these igneous bodies
truncate the folds and some of the faults in the area. This would tentatively

date intrusion as post-deformation.

Fig. 14. - Jointing in Boulder batholith.
Note presence of "joint fillings"”
which are granitic in composition.
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I»_L§r§mide deformation probably consisted mainly of tiltipg glgngﬂphen
previously postulated major fault to thg south which might have pyqqucgq phe
regional northward dip of the sediments; and development of the north:north—
west trending fold system. Some faulting, notably the strike fault cgt by
the stock in the-"northern fault block", probably also occurred during this.
formation. '

This initial deformation was followed closely by major intrusion of
the Moose Creek stock and Boulder batholith. During intrusion, these bodies
produced the cqntact metamorphism which alters all pre-existing rocks in the
area., They also were responéible for the extensive faulting around these
intrusions; prqbably by shearing, and probably for the intensification of pre-
existing folds. |

Late stage acidic differentiation probably accounts for the aplite
bodies ip the ;rea and the quartz-ofthoclaée rich "graphic granite! joint
£illings. |

The above sequence of uplift; deformation and intrusion was.probably
followed by a period of erosion in which local drainage was to the west; de=
~ positing the sediments which comprise the Tertiary basin deposits. Oligocene
and Miocene dates on these beds by Douglass (Sahinen, 1950, p. 25) and the
preceding data plaée the orogenic and intrusive interval between Late Creta-
ceous and Oligocene.

After deposition and consolidation of the Tertiary sediments, further
deformation oceurred, indicated by the eastward tilt of the Tértiary sedi-
ments; probably the result of movement along a normal fault. Nothing more
accurate than a post-Miocene - pre-fuaternary date can be placed on tﬁis
deformation. Ewen post-Miocene is not certain since deposition of the Ter-

tiary sediments could have.gone on simultaneously with movement along this
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Fig. 15 - View looking south across Tucker
Creek. Terraces along Tucker
Creek are well displayed. The wood-
ed area is underlain by the Moose
Creek stock.

Fig. 16. - View looking west from the Tucker
Creek canyon. Terrace system is
visible. The wooded area here is
underlain by meta-sediments. The
broad grassy valley is underlain
by Tertiary basin deposits.
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fault,
Recent history consists primarily of deposition of Quaternary sedi-
ments and development of geomorphic features. Geomorphic features include

the terraces developed on the Tertiary sediments to the west and along

Tucker Creek and other streams. These terraces are underlain by'a cover of

- alluvium which in turn lies on the Tertiary sediments, and are most strik-

ing where Tucker Creek leaves its canyon. Here the terrace level is 150-200
feet above the stream. This is the maximuﬁ height of any térrace above
present streams in the area. This surface is the only major terrace develop=
ment and it is presently being dissected.

Also prominent in the area are frost features such as felsenmeers,

stone stripes and rings. These features are especially common in the vicin-

ity of Mt. Humbug, developed on Quadrant and Phosphoria quar%zites, which are

- 80 susceptible to frost shattering. Creep and landslide features, probably

the result of saturation and gravity movement, are prominent on some bare

hills on the -flanks of Mt. Humbug, and especially in the largé open area
south of Mt. Humbug which must'be underlain by the Madison and Amsden for-
mations, |

The geologic history can be summarized as follows:

a) Deposition of Precambrian, Paleozoic and Mesozoic
sediments.

b) Basic sill intrusion in Late Cretaceous and Early
Tertiary time.

¢) Laramide orogeny, tlltlng by dlfferentlal movement along
a mgjor fault to the south and developing a north-north-
west trending fold system, and causing some faultlng in
late Cretaceous and early Tertiary time,

d) Intrusion of the stock and batholith, producing contact
metamorphism, intensive faulting, intensification of
previous folds in Early Tertiary time.

e) Intrusion of late differentiate producing aplite bodies
and acidic joint fllllngs in Barly Tertiary time,

f) Erosion and deposition of Tertiary sediments to the
west in Oligocene and Miocene time,
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g)
h)
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Deformation of Tertiary sediments by faulting in
Cenozoic (?) time, '
Development "of present geomorphic features during
recent time, :
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