





e A e

CONTENTS

ILLUSTRATIONS .......... oo et esees et . vi
TABLES . .ttt ittt ittt it iieitaesaenansassosenneennns ix
INTRODUCTION......... . et e e 1
Location, culture, a.nd accessxbxlity ........ e 1
Physical features ............. ...ttt iincancnons 3
Climate and vegetation....... ...t iennnncnccnnsn 4
Previouswork .................... N e es e 4
Field and laboratory work....... cecsescanna e . 5
Acknowledgments ................ L i iecttanaeseraanns 6
GEOLOGY ............. e i eesc et N 8
General features ............. e ae e s e e 8
Sedimentary rocks ........ ettt eeeateie e 10
Cambrian system ............ Cheenneen tesesase . 12
Flathead quartzite ..... et R 74
Strata overlying the Flathe&d qua.rtmte ....... 13
Devoniansystem .................... ceenineaeea. 14
Jefferson limestone . ... ............ .00 14
Carboniferous system ..................cviuunn. 14

Madison limestone . . .............. ... ... :
Big Snmowy group. ... ... ... ...ttt 15
Jurassic system .............. .. .. il 15
Ellisgroup ........... 0ttt iiennennn 1o
Morrison formation........................ lo
Cretaceous S8ysSteImM . .. ......cviv et neennn ... 17
Kootenai formation. . ....................... 17
Coloradoshale ........ .................... 17
Telegraph Creek formation ................. 18
Eagle sandstone ................ et e 18
Deposits of Tertiary and Quaternary age........... 19
A Gravels............ e 19
Travertine ... .. ... ...t tiunn 20
Igneous rocks . . ... ... ... .. it e e e e 21
- General lt;tement Ceeticnsenes Ceaaeas e 21
Depth environment of intrusions............. 27
Quartz monzonite . ........ . ¢cceet et 28
Distribution. . ....... ... 0 it 28
Age relationships........... ..... ... ... ... 30
Petrography of the fresh rock.......... ... 30
Plagioclase . .. ....................... 36
Potash feldspar ...................... 38

iii




CONTENTS

Ferromagnesian minerals............

Alteration ............ . iiinevnen. Ceeanas

Rhyolite ............ e e v eeeaan

Distribution............... et

Age relationships.................. ......

Petrography .............. et e

Syenite .. ... .. i i e e e e e
Distribution............. . ..o,

Age relationships....... ieecenn e

Petrography .......... et et

Alkali syenite ............ ettt

Distribution...... ..... i eteseas i

Age relationships . ...... ceeeen crsesenans .o

Petrography ............. Cesecsenecann .o

Tinguaite ....... ....... Ceee s sasesramnesnee

Distribution and topographic expression.....

Age relationships......... ceessanans Tesens

Petrography of the fresh rock........... .o

Pyroxene. ........... it esrnec s

Amphibole . ....... et ecversramarsan,

Potash feldspar ......... cveeen Cecean

Pseudoleucite . ... .........c. 0.

Late magmatic reactions . ............

Alteration ................c.uvun RN

Unidentified munerals . ....................

Rocks of the Red Mountain complex ........... .o

Alkali granite porphyry of Judith Peak ...........

Distribution. ... ...... ......... ..., e

Age relationships................... e

Petrography of the coarse-grained facies. ...

Quartz ........ .. ... ... e e,

Feldapar ............ . .. iuii.u..

Aegirine ......... ... ... ... L.

Petrography of the fine-grained facies ......

Petrography of alkali granite porphyry dikes.

Granitized sedimentary rocks ........ et e

Intrusion breccia. . . .. ... ...ttt e )

Distribution and age relationships ..........
Petrography. . . ....... ... i,

Structure . ......... 0. e et e
Regional structure ... ...... ... .. ... ... ... . ...
Local stf&cture G e e e ee e e

iv

40



. CONTENTS

Major structural trends. .. ......cc000veennen . 119
Domal structures . .........co0c0eveecceanns 120
Form of major intrusive masses ..... seannen 121
Structural sub-provinces ..... cesacesaansans 124
Pre-intrusive structural and erosional history
in relation to stratigraphy ..................... 126
Pre-Jurassic uplift and faulting.............. 126
) Early Tertiary tilting. . ............oo it 129
Mode of intrusion. . ........ciiiiticrvecreneeaesas 130
HYPOTHESES ON THE ORIGIN OF ALKALINE ROCKS......... 136
Harker .......ciiiitiiiiiiieesnoeossseansnscannannnans 136
Gillson ......... et iea ettt e sttt 137
Smyth ...ccovi ittt Chesetseeasecacnteanan 137
Bowen.........co0iiieunnnnns . s we i beediesmertesasanane 137
Daly..... SR SR Camesiesaceneeneeaen. 142
GENESIS OF THE IGNEOUS ROCKS........ aesemamersesnanven 146
Complex intrusive relationships..... Ceteecsanerenennans 146
Petrogenetic significance of the feldspars ............... 148
, Evidence of mixed magmas ............... ceeeeaa 148
Fractionation by mantling ........................ 151
Exsolution perthite in the alkali granite............ 153
Evidence for a reaction relation between
alkali feldspars ..........cciiienmerctecnnnans 157
Evidence for a eutectic relation between
alkali feldspars .............. e recccccanaannn 160
Origin of the individual rock types..... N 161
Evidence for two lines of descent ......... Cee e 161
Quartz mongonite and rhyolite ........ Ceeeiieaanae 169
Syenite, alkali syenite, and tinguaite .............. 169
Evaluation of contrasting modes of origin..... 171
Bowen's hypotheses .................. 172
Daly's hypothesis .................... 173
¢ Alkali granite porphyry of Judith Peak....... e 175
CONCLUSIONS ........... Ceeeetteaveraetittanstuoseaniaaes 181
4 .
H BIBLIOGRAPHY .. .....cciiiiiiiinnnnenn Gttt es e 185



sl

ILLUSTRATIONS

A

3

Frontispiece.. Panorama of the Judith Mountains ............... ii

Plate 1.

2.
3.

10.

11.

12,

13.

14,

Geologic map and cross-sectiorsof the Judith Mountains,
Fergus County, Montana. ................ccovuuns In pocket
Genetic sequence of Judith Mountain igneous rocks .... 23
A. View of Alpine Gulch looking northeast from south-
west margin of Alpine Gulch stock. B. Air view of
Black Butte fromthe west . ...........ccictuieenennn 26
A. Very coarse-grained quartz monzonite porphyry

from Alpine Gulch. B. Fine-grained quartz monzonite
porphyry from Burnette Peak....... tessesesessasaas 31
A. Medium-grained quartz monzonite porphyry from

the Gold Hill stock. B. Medium-grained quartz

monzonite porphyry from Black Butte................ 32
A. Photomicrograph of quartz monzonite porphyry

from Alpine Gulch stock. B. Photomicrograph of

quartz monzonite porphyry from Porphyry Peak...... 35

. A, Photomicrograph of quartz monzonite porphyry

from Elk Peak. B. Photomicrograph of quartz
monzonite porphyry from large dike on northwest side

"of Elk Peak................ccuuus Cececrterevsncaans 38

A. Photomicrograph of quartz monzonite porphyry

from west side of Judith Peak. B. Photomicrograph

of monzonite porphyry from Cone Butte.............. 39
A. Photomicrograph of quartz monzonite porphyry

from northeast flank of Elk Peak dome. B. Photo-
micrograph of quartz monzonite porphyry from

Linster Peak stock .. ........... ... iieiitinnennn. 43
A. Photomicrograph of hornblende syenite porphyry

from Lewis Peak. B. Photomicrograph of syenite
porphyry from Maginnis Mountain....... Geesasasenss 44
A. Photomicrograph of quartz monzonite porphyry

from west slope of Judith Peak., B. Photomicrograph

of dark gray tinguaite from Linster Peak stock....... 45
A. Photomicrograph of quartz monzonitg:; or rhyolite
porphyry from Giltedge mine. B. Same as A ....... 47
A. Photomicrograph of quartz monzonite porphyry

from Linster Peak stock. B. Sameas A............ 438
A. Rhyolite porphyry from small body 2 miles south

of Pyramid Peak. B. Rhyolite porphyry from south-

west part of Alpine Gulch stock. ... ................. 52



Plate 15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

ILLUSTRATIONS

A. Rhyolite porphyry from Elk Peak dome. B.
Photomicrograph of same specimenas A.......... ... 53
A. Syenite porphyry from Maginnis Mountain. B.

Syenite porphyry from dike in Lone Tree Gulch

(Lewis Peak Type)................... e 56
A. Air view of tinguaite dikes in southeast part of

Linster Peak stock. B. Altered tinguaite from

Red Mountain . .......... ...ttt innninnnn. 62
A. View of green tinguaite dike 1 mile northwest

of Maiden. B. Coarse-grained gray tinguaite from

sill on Armell Creek........ S 65
A. Green tinguaite porphyry from large sill southeast

of Ross Pass. B. Crowded (gray) tinguaite porphyry
from sill on southeast flank of Linster Peak dome..... 66
A. Pseudoleucite tinguaite porphyry from sill at

east base of Lookout Peak. B. Photomicrograph of

green tinguaite dike 1 mile west of Judith Peak ....... 67
A. Green tinguaite porphyry from small sill on south-
east side of Linster Peak dome. B. Photomicrograph

of same specimen as A...... N cie.... 68
A. Photomicrograph of gray tinguaite porphyry from
Lookout Peak. B. Same specimenas A............. 71

A. Photomicrograph of dark gray plagioclase-amphibole
tinguaite from Linster Peak dome. B. Photomicrograph
of crowded tinguaite porphyry from Linster Peak dome 73
A. Photomicrograph of gray tinguaite porphyry from

- west fork of Armell Creek. B. Photomicrograph of

green tinguaite porphyry from dike northwest of Maiden 75
A. Photomicrograph of pseudoleucite tinguaite from
northeastern part of the mountains, B. FPhotomicro-
graph of feldspathic inclusion from green tinguaite

dike in the Linster Peak stock ...................... 77
A. Photomicrograph of green tinguaite porphyry from
northwest of Maiden. B. Photomicrograph of same
BpeECimen A8 A .. ... ...ttt e 79
A. Photomicrograph of green tinguaite porphyry from

1 mile west of Judith Peak. B. Photomicrograph of

intrusion breccia from Red Mountain . . .............. 81
A. Alkali granite porphyry of Judith FPeak. B.
Alkali granite porphyry of Judith Peak............... 87

A. Photumicrograph of coarse-grained alkali granite
porphyry from cast slope of Judith t eak. B. Photo-
micrograph of Bame speciimenas A. . ...... ... . ...... 89

vii



&
H
:

Plate 30.

31.

32.

33.

34,

35.

3e6.

37.

38.

39.

40.

ILLUSTRATIONS

A. Photomicrograph of coarse-grained alkali granite
porphyry from southeast slope of Judith Peak. B,
Photomicrograph of coarse-grained alkali granite

porphyry from northeast slope of Judith Peak.........

A. Photomicrograph of coarse-grained alkali granite
porphyry from southeast slope of Judith Peak. B.

Photomicrograph of same specimenas A.............

A. Quartz phenocrysts from alkali granite porphyry.
B. Photomicrograph of fine-grained alkali granite

porphyry from northeast slope of Judith Peak.........

A. Photomicrograph of crushed and silicified fine-
grained alkali granite porphyry from northeast slope
of Judith Peak. B. Photomicrograph of sheared and

A. Photomicrograph of crushed, fine-grained alkali
granite from summit of Judith Peak. B. Photo-
micrograph of sheared and silicified fine-grained

quartz monzonite porphyry from contact zone border-
ing fine-grained alkali granite on east side of Judith

Peak. B. Photomicrograph of same specimen as A. ..

A. Photomicrograph of sheared and silicified fine-
grained alkali granite from southeast side of Judith
Peak. B. Photomicrograph of alkali granite
porphyry dike (Type A) from southeast slope of

Judith Peak ... .. ... i e e e

A. Photomicrograph of alkali granite porphyry dike
(Type B) from Collar Gulch. B. Same as A but in

plane-polarized light .. .............................

A. Photomicrograph of alkali granite porphyry dike
(Type C) from Red Mountain. B. Photomicrograph
of quartz monzonite porphyry from west side of

Porphyry Peak . .........iitieinininnnn ..

A. Granitized sedimentary rocks from southeast
side of Judith Peak. B. Photomicrograph of lower

specimenshownin A............... ... ... ... ... . ...

A. Photomicrograph of granitized sedimentary rock
of Plate 39 A, B. Same as A, but with crossed

nicols ..... ... ... ....... Cme e e e e e

viii

99



ILLUSTRATIONS

Plate 41. A. Photomicrograph of granitized sedimentary rock

42.

43.

44.

45.
46.

47.

48.

Figure 1.

Table

2,

oo

of Plate 39, B. B. Photomicrograph of granitized
sedimentary rock from southeast side of Judith Peak..
A. Photomicrograph of granitized sedimentary

rock from southeast side of Judith Peak. B. Same
as A, but with crossed nicols. ... ... . ...............
Part of Structure Contour Map of the Montana

Plains (after Dobbin and Erdmann, 1946) ............
Diagrammatic sections showing effect of pre-intrusive

_ structural and erosional history on the mode of

intrusion.................... ettt e e
Geologic map of the Elk Peakdome ...... ...........
Sketch map showing distribution of rhyolite and

quartz monzonite in the southwest part of the Alpine
Guilch stock. ........... ... ... i i, N
Photomicrograph of alkali rhyolite north of

Judith Peak ........... ... ... .. ... i iiiaiinn..
Modified Larsen variation diagram of Judith Mountain
YOCKB . . .. i e i et e
Index map of Montana showing location of the

Judith Mountains . .. ... ........... .. ... i
Equilibrium diagram of the system, Albite-Anorthite
(after Bowen) . ... .. .. ... . ittt ittt
Crystallization of Or-Ab melts showing decrease in
Or-Ab miscibility and change in position of eutectic
with falling temperature. .................cc0cien.
Isobaric equilibrium diagrams for the alkali feldspars.
Larsen triangular diagram of Judith Mountain rocks ..

TABLES

Sedimentary formations of the Judith Mountains ......
Analyses of specimens of Judith Mountain rocks......
Norms of specimens of Judith Mountain rocks.......
Formulae of sanidine, nepheline, and their alteration
products expressed as oxides. . ........... ... .. 0.,
Weight percentage ratios of alumina to combined soda
and potash. .. . ... .. e e e
Variation in composition of tinguaites shown by

partial analyses . ........ ... .. .. .. .. .. ..o i,
Soda:potash ratios of tinguaites and alkali granite.....

ix

112

114

118

128

133

149

159

166

153

154
158
164

10
24
25
80
163

171
178




53-26S

ABSTRACT

The Judith Mountains are a group of Tertiary (?) porphyry
stocks and related intrusives that have cut and domed a thick series
of sedimentary rocks ranging in age from Cambrian to Upper

Cretaceous. Quartz monzonite intrusions mark the beginning of

irruptive activity and form the major stocks in all parts of the

. mountains. Later igneous rocks represent two lines of descent:

(1) more siliceous types best exemplified by rhyolite, and (2) rocks
relatively poor in silica and high in the alkalies .repreaented by
syenite, alkali syenite and tinguaite. The alkali granite porphyry
of Judith Peak occurs late in the igneous sequence. It is rich in both
ilica and the alkalies and is believed to represent a union of the two
separate lineages.

A strong but irregular east-west fault divides the mountains

into two structural units, each with a distinct assemblage of igneous

. rocks. The southern unit is characterized by calc-alkaline rocks,

the monzonites and the rhyolites. The northern unit is characterized
both by alkaline rocks, i1z syenites, alkali syenites, tinguaites and

the alkali granite porphyry, and by calc-alkaline rocks, the monzonites.

~ The northern unit contains only a few small bodies of rhyolite. The -

general sequence of irruption is monzonitic rocks, rhyolite, syenite,

alkali syenite, tinguaite and alkali granite.




-

At the time of intrusion the Madison limestone was more deeply
buried beneath the surface in the northern part of the mountains than

in the area to the south. The position of the Madison within the crust

was important in that it affected the mode of intrusion. Detailed mapping

shows large-scale magmatic stoping of the Madison limestone north

of the strong east-west fault but not south of it. This suggests that
limestone syntexis has desilicated the magma at depth to yield the
silica-poor and silica-deficient alkalinec rocks which are restricted to
the northern part of the mountains. In the southern part of the
mountains where the Madison limestone was not thus stoped, the rocks
that follow the early monzonitic intrusions are highly siliceous rocks,
the rhyolites. The alkali granite is believed to represent a late
siliceous differentiate of the calc-alkaline series, contaminated by
alkaline fluids expelled from the cupoia area of a tinguaite magma;

chafnbe r.

i1



. INTRODUCTION

The petrology of the Judith Mountains is of special interest for
several reasons: (1) The igneous assemblage of the mountains contains
calc-alkaline, silica-deficient alkaline, and silici-alkalic rocks. Thus
the area provides an opportunity to study the association and genetic
relations of thx;ee distinct general rock types. (2) The Judith Mountains
are one of a group of isolated mountain ranges containing alkaline
igneous rocks that collectively make up the pet rographic province of
central Montana (Pirsson, 1905) and (Larsen, 1940). The peculiar
concentration of zlkaline rocks in this province has long been a
controversial subject and an explanation of the genesis of the Judith
Mountain rocks may contribute to the understanding of the more general
Problem of the origin of the alkaline rocks that occur in the platform

areag of the Rocky Mountain region.

LOCATION, CULTURE, AND ACCESSIBILITY
The Judith Mountains are in central Montana (fig. 1), 5 to 25

miles northeast of Lewistown, the county seat of Fergus County. They

Cover approximately 140 square miles in the northeastern part of the
Lewistown quadrangle and the northern part of the Judith Peak quadrangle.

- These two quadrangles lie between parallels 47°00' and 47°15' and

meridians 109°00' and 109°30'. The mountain area also includes a
Narrow strip of lund just north of parallel $7°15' and several square

, Miles udjoining the northcust corner of the Judith Peak quadrangle,
1
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Figure 1. --Index map of Montana showing location of the Judith
Mountains. The oblique ruled pattern indicates areas containing
alkaline igneous rocks similar to those exposed in the Judith

Mountains.

Maiden, near the head of Warm Spring Creek, and Giltedge,
on the southeast flank of the mountains, were important mining camps
in the eighties, but today are inhabited by only a few families. The
area surrounding the mountains and the lower reaches of Warm Spring
Creek valley are largely devoted to the dry farming of wheat and to
cattle and sheep ranching.

Lewistown is on highway, U. S. No. 87, the main route between
Billings and Great Falls. From Lewistown, the mountain area 18
easily accessible on a peripheral and radial network of gfavel and

dirt roads that are in fair condition most of the year. A spur line of
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the Chicago, Milwaukee, St. Paul and Pacific Railroad connects

Lewistown with the main line at Harlowtown, 45 miles to the south.

PHYSICAL FEATURES

The Judith Mountains form an isolated range 18 miles long
and 3 to 8 miles wide that rises abruptly 2,000 to 2,500 feet above the
surrounding plains of central Montana. Judith Peak, the highest
point, is at an altitude of 6,428 feet, 400 to 900 feet higher than most
of the peaks in the range. The main range extends northeastward
from a point about 5 miles northeast of Lewistown to Lookout Peak,
23 miles northeast of Lewistown. Black Butte is an isolated peak
ab@ two miles east of the northeastern end of the main mountain mass.

The surface ix; the mountain area is one o; distinct peaks
separated by deeply cut stream v;'alleya and is a surface of early
maturity. Maximum relief from peak to adjacent valley bottom is
generally less than 1,000 feet. Most of the area can be readily
covered on foot. Steep slopes of porphyry talus are common, but
sheer cliffs occur at only a few places: notably in Maiden Canyon, at
Cone Butte, at Black Butte, and on the south side of Maginnis Mountain.

The major valley in the mountains is that of Warm Spring Creek.
This valley heads about 1 mile east of Maiden, widens rapidly to the
West, and forms a large east-west embayment that almost completely
divides the mountains into northern and southern parts. Immediately

surrounding the mountains are three levels of dissected pediments.



CLIMATE AND VEGZTATICN

The records (U. S. Dept. of Agriculture, 1941, p. 956) of the
weather station at Lewistown over a 38-year period show an average
temperature for July of 65.4°F. and a2 maximum range of 151°F. The
annual precipitation averages 17. 87 inches of thch 8.5 inches, or
more than 47 percent, falls during the months of May, June, and July.
The mountain area receives considerably more rain and snow, but by
.late July the streams are low, and only the major ones carry water
throughout the summer. -

Alder, willow, aspen, and in places birch, grow along the stream
valleys, and various types of conifers are common on the slopes. These
include juniper, ponderosa pine, white pine, western balsam fir, and
a few Englemann spruce and Douglas fir. Most of the large timber
has been used for the mining industry or burned off. The burned
areas, especially those underlain by porphyry, are covered with small
lodgepole pine, locally called "jack pine." Parts of Red Mountain
and Judith Peak are almost impassable because of the dense second
growth of these trees. The eastern part of the mountainse receives

less precipitation, and sage brush and small cacti are common.

PREVICUS WGRK
The only previous systematic study of the Judith Mountains was
made by W. H. Weed and L. V. Pirsson (189¢). The map accompanying

their report is ot a scale of 1/125,000. During the early ninetecn



hundreds a number of short articles appeared in the various mining
periodicals, but these were concerned chiefly with mining development
a-nd production. An excellent resume of the history of the mines and
prospects with production figures and brief descriptions of the

occurrences was compiled by Robertson (1950).

FIELD AND LABORATGORY WORK

The Judith Mountains were mapped &8 a project of the U. S.
Geological Survey. Dr. . N. Goddard, now of the University of
Michigan, was in charge of the project and spent four field seasons
in the area. The writer served as his u«ssistant during the aummers of
1948 and 1949, and was assigned the study of the igneous rocks for the
Judith Mountain report. °

The geologic mapping was done on aerial photographs at a
scale of 1/20,000. Plate 1, of this report was compiled on the
1/62,500 topographic sheets of the Lewistown and Judith Peak quadrangles.

Microscopic studi'es of the igneous rocks were carried out in the
laboratories of the U. S. Geological Survey in Washington, D. C. during
the winter of 1948-49 and in the Mineralogical Laboratories of the
University of Michigan during the scademic years of 1949-50, 1950-51,
and 1951-52, The specimens were examined in thin section and by
immersion techniques. X-ray studies and chemiccl analyses were

made available by the U, S. Geological Survey.
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GEOLOCGY

GENERAL FEATURES

The Judith Mountzins are a group of coalescing domes formed in
early Tertiary (?) time by the intrusion of quartz monzonite and
rhyolite magma. Available evidence indicates that the main intrusive
bodies are stocks rather than laccoliths as pictured by Weed and
Pirsson (1898) although some of the stocks do have sill-like or small
laccolithic appendages.
i The .major domes are well shown on the geologic map (pl. 1) as
,areas of igneous rock surrounded by concentric belts of sedimentary

iformations ranging in age from Cambrian to Upper Cretacecus. The

ARV kv

"sediments dip away {rom the intrusive centers at angles of 20 to 50
degrees and are locally vertical or overturned. Some of the smaliler

domes have been modified by roughly hexagonal or circular faults

? (trap-door structures and bysmaliths) which developed after the initial

gdoming occurred,

| In the northern part of the mountains, magma from several
centers has coalesced to form a large irregular pluton, and the
outlines of the individual domes are nea;'ly obliteruted. Igneous cores
are not exposed in all domes, but several lines of evidence clearly
indicate their existence (See p.l20).

The igneous r.cks uf the Judith Mountalins are of the ''porphyry"

typPe and include a variety of rocks belonging to boih the alkaline and

g




caic~alkaline clans. Monzonitic rocks predominate and form the cores
-f most of the domes. Subordinate types include rhyolite, syenite,
alkali syenite, tinguaite, alkali granite, and intrusion breccia. These
occur as small stocks, dikes, sills, and irregular bodies.

Deuteric and hydrothermal alteration are common features in all
rock types. Large mineralized areas with abundant disseminated
pyrite are found in the Alpine Gulch stock, the Linster Peak stock,
and surrounding the alkali granite of Judith Peak. Silicified sandstone
and shale and mineralized limestone are found in some places where
hydrothermal alteration extends beyond the porphyry contacts.
Elsewhere exomorphic effects are slight. Bleached and partially
marbleized limestone is common, but recrystallized carbonate rock
is generally fine grained and abundant lime silicate minerals are
developed in only a few places. Shale beds are commonly s‘oft and
unaltere;l only a few inches from contacts, but in a few places the
shale is baked.

The most significant structural feature of the mountains is the
Warm Spring Creek faul't. It is a strong but irregular normal fault
which trends approximately N. 75° W. and dips at varying angles to the

north. East of Maiden this fault is connected to a trap-door type fault

which swings north around the Crystal Peak dome. Displacement varies,

but in some places the north side has dropped at le.st 1,000 feet.
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. SEDIMENTARY ROCKS
The sedimentary rocks exposed in the mountains form a
stratigraphic column «bout 6, 000 feet thick. The lithologic features
=nd approximate thic;tneﬂses of the various formations are given in

¢able 1.1/

TABLE 1. --Sedimentary formations of the Judith Mountains, Montana.

Period Formation Thickness Description
in Feet E
Cretaceous Eagle sandstone 140+ | Light-gray to yellowish-gray

massive, medium-grained
sandstone with some layers
of yellowish-gray sandy shale.

Telegraph Creek 285 Light olive-gray sandy

formation shale, finely laminated.
. ‘ Sand content increases
! upward.
Colorado shale : 1525 | Dark-gray to black fissil
i shale with a few thin sand-
) i stone layers, Cat Creek

sandstone 75 feet thick at
base and Mowry beds 140
feet thick, 550 feet above
base. Mowry, fine-grained
sandstone and limy shales
that weather light-grzy and
; contain abundant fish scales
e | in some layers.

b

{

Kootenai {320 - 500 | Red, yellow, and gray shales
formation altern:ting with medium- to
fine-grained sandstone beds.
At base is 60-90 feet of thin-
bedded to massive arkosic
sandstone; cliff forming
{Likcta(? )sandstone)

!
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. 1/ On the map accompanying this report, Cambriun and Devonian sediments,
the three formations of the Big Snowy group, and the beds of Jurussic
age are shown as single units in order to simplify the geologic picture
and bring out the esscntial structural features, i

etan.
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Period }‘ormation Thickness Description
: in Feet
Jurassic Morrison 220 Alternating gray shales and
formation brown sandstones with 15-
i foot bed of dense, light-
; gray limestone 25 feet
! ! above base and 2-3 feet of
fi i coal or carbonaceous shale
i ! at top.
i Swift ; 55 | Thin-bedded brownish-
§ formation | ; gray arkosic sandstone:
g  some layers contain
i ! abundant glauconite grains.
! { T
g §';_Rierdon 90 | Light- to dark-gray sandy,
i & formation limy shale with a few thin
: j layers of limy sandstone. .
- e e
—4 .
| @ iPiper 120 - 230 ' Interbedded dark-gray
\ formation limestone and shale,
i ’ locally some red shale.
i On south flank of Flat
; _ i ! Mountain, contains three
l: i ; ! beds of gypsum, 10-12
3 ’ } feet thick.
H ;
Carboniferousg Heath 0 - 500 ! Gray to black shale with thin
' formation | beds of gray limestone and
: { brownish-gray sandstone.
§ | Mostly absent in southern
! . part of mountains due to
) i pre-Jurassic erosion.
a, § 1
5 gOtter 0-145 ! Green, gray and red shale
o formation ' with thin beds of light-
; ; ‘ gray limestone zbsent in
o i places due to pre-Jurassic
(g t x erosion.
E g Kibbey j Q - 110 | Light-brown to yellowish-
: ; gray sandstone with thin

isandstone

i

!
]
H
i
'

beds of red shale absent in
i places due to pre-Jurassic
| erosion.
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Period | Formation Thickness Description
‘ in Feet
T‘
Carboniferous Madison 1350 Massive gray limestone;
-limestone contains gray to black chert
- in some layers and some
i thick layers of brecciated
limestone.
Devonian (?) Jefferson (?) i 150 Gray- to dark-gray dolomite
‘limestone j and limestone.
! 1
Cambrian ‘Shale, and
limestone 0 - 1280! Brown and green shales
“undivided with numerous thin beds
j : of limestone, edgewise
} : conglomerate and gray
§ limestone.
Flathead 0 - 160+} Pale-yellow to brown
rquartzite §quartzite overlain

B T S,

; conformably by fissile

black shale. Exposed only
on Black Butte.

- —— -

Cambrian system

Flathead Quartzite

The Flathead quartzite is exposed at only one place in the Judith

Mountai}xs - on Black Butte. On the south side of Black Butte white to

light-tan, brown-weathering, medium- to coarse-grained quartzite

is found beneath typical Cambrian beds. Approximately 160 feet of quartzite

are exposed, but the beds are in igneous contact with the porphyry core

of Black Butte, and the total thickness is unknown.
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Strata Overlying the Flathead Quartzite

Conformably overlying the quartzite at Black Butte are approxi-
mately 150 feet of black fissikshale. This is probably the Wolsey
shale, although lithologically it ié quite different from the section in
the Big Snowy.Mountains 45 miles to the southwest, measured by
Deiss (1936, pp. 1292-1293).

In addition to the occurrence at Black Butte, Cambrian beds are
found partially surrounding the igneous t::ores of the Alpine Gulch,
Pyramid Peak, and Burnette Peak domes. Nowhere is the Cambrian
section either well exposed or complete, ax.md with the exception of the
Flathead quar‘tzite. and possibly the Wolsey shale, a division of the
Cambrian strata into separate formations is not warranted. J

A section on the southeast slope of Burnette Peak consists
largely of dark-green, gray, and brown shales with interbedded lime-
stones., Thin intraformational conglomera;te beds of elongate limestone
fragments cemented by shale and limestone zre found throughout the
8ection. Some units consist of thin alternating lenticular laminae
of gray limestone and dark-green, h.rd, siliceous shale. The lime-
Stone and shale weather differentially and form conspicuous banded
Outcrops, This ba.ndcd limestone and the intraformational conglomerate

4re the most diagnostic lithologic units of the Cambrian. Total thickness

of the composite section is zpproximately 1,300 feet.

i e
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Devonian System

Jefferson Limestone
The Jefferson limestone i8 exposed at the same localities as
those given above for the Cambrian strata. It comprises about 150
feet of gray dolomite and limestone with a few shale partings. The
most noticeable lithologic unit is a very dark-gray crystalline limestone,
speckled with numerous unoriented elongate light-colored streaks as
much as 2 centimeters in length, The origin of these markings is

unknown.

Carboniferous System

Madison Limestone

The Madison limestone is approximately 1350 feet thick,
structurally competent, and resistant to erosion. In the southern part
of the mountains it forms the steep mountain slopes, and in many
Places the summits of peaks. It outcrops in a broad belt surrounding
the porphyry stocks. In the northern part of the mountains it is almost
entirely absent and is exposed at only four widely separated localities -
Elk Peak, the W?st Fork of Armell Creek, on the south side of Black
Butte, and 1 1/2 miles north of Porphyry Peak..

It consists of alternating units of massive and thin-be'zdded. fine -
to medium-grained, blue-gray limestone which weather light gray.
Many of the thin-bedded units are sandy or shaly. Some layers contain

abundant nodules of black chert.




Big Snowy Group

The Big Snowy group comprises three formations: the Kibbey
sandstc‘ne, the Otter shale, and the Heath formation, listed in ascending
order. Except where cut out by faults or erosion, beds of the Big Snowy
group are exposed in a narrow band surrounding the Madison outcrop
areas. They are also exposed in the Warm Spring Creek dome, the
Deer Creek dome, and in the Linster Peak dome.

During much of the post-Mississippian -- pre-Jurassic interval,
the area was emergent, and in many places all or part of the Heath and
Otter formations were removed by erosion prior to the deposition of
the basal Jurassic beds. Cn the southeast flank of the Crystal Peak
dome, the entire Big Snowy group is missing, and the Ellis group rests
disconfgrmably on the Madison limestone.

The Kibbey sandstone is 110 feet thick and consists of light-gruy
to yellowish-brown, mediur;'x-grained friable sandstone intercalated
with thin beds of red shale. Many of the sandstone outcrops are faintly
mottled a dark reddish brown,

The Ctter shale contains some thin beds of light-colored limestone
interbedded with gray, green, and red shales. KExposures are generally
Poor, but some of the shale beds are a bright "apple' green and these
are easily identified. The formation is 145 feet thick.

At most exposures of the Heath formation gruy to black shales
Predominite At some places these are interbedded with gray to very
dark“gr«ly liracgtune. Brownish-gruy sandstone bcds' are exposed

e . . .
ar the bhase of the f,rmation in the Deer Creek dome. Maxirmum
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thickness is approximately 500 feet.

Jurassic System

Jurassic beds are exposed in the foothill belt surrounding the
southern part of the mountains and appear in isolated outcrop areas in

the several domes in the northern part of the mountains,

Ellis group
The Ellis Group, comprising three formations: the Piper, the
Rierdon, and the Swift, with an aggregate thickness of about 300 feet,
was mapped as a single unit.

) Interbedded gray limestone and shale predominate in the lower
250 feet and thin bedded brm.vn arkosic sandstone with scattered grains
of glauconite constitutes the upper 50 feet., Locally red shale and
gypsum are present in the lower part of the secticn. Some of the
limestone beds are oolitic, and this plus the presence of Gryphea sp.

and the glauconite sands distinguish the 1lis from underlying

Carboniferous beds and the Morrison formction above.

Morrison Formation
Gray shales constitute most of the Morrison formation, which
4verages about 220 feet in thickness. Brown arkosic sandstones int r-
bedded with shales are similar in appearunce to those of the £llis
8roup, but lack the glauconite. The best mirker bed is a 15-foct

la 3 . : .
yer of dense dove-gray limestone which forms ledgaes in the soft shale
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. about 25 feet above the base of the formation. The upper contact is
marked by a 2- to 3-foot bed of coal or carbonaceous shale which under-

lies the basal (Lakota ?) sandstone of the Kootenai formation,

Cretaceous System

Kootenai Formation
Red and gray shale and mudstone interbedded with fine-grained
buff -colored sandstone predominate in most of the 320- to 500-foot
section. At the base are 60 to 90 feet of thin-bedded, cross-bedded

and massive-bedded, cliff-forming, salt and pepper arkosic sandstone.

This member has been correlated with the Lakota sandstone,

Colorado Shale
In the Judith Mountaina the Colorado shale comprises about 1550

feet of soft, easily eroded, dark-gray to black shale with some sandstone

FESE b L

layers. These beds are poorly exposed and therefore were mapped as
a single formation. However, in areas where the various lithologic
Units are easily recognized they are given formation rank, and the
term Colorado group is applied to this same series of beds.

In the Judith Mountains, the base of the Colorado shale is m-rked

by the Cat Creek sandstone which consists of 75 feet of fine -grained,

thin- to medium-bedded buff-colored sandstone with sbundant worm-
trai] markings. This sandstone and approximately 475 feet of overlying
. dark-g,ay to black shale with a few thin s.ndstone beds are equivalent

to the Thermopolis shale. The Mouwry shale, next above, comprises 140
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fcet of thin-bedded and fissile, silvery-gray weathering arenaceous

shale with some bentonite beds near the top. Fish scales are diagnostic.
Overlying these beds are 240 feet of dark-gray Belle Fourche shale,
These shales include a 5-foot bed of fine-grained dirty tan-colored
sandstone, the Mosby, which in places carries abundant gastropods
(Exogyra collumbella and others). The upper 600 feet of the Colorado
shale is equivalent to the Greenhorn limestone, the Carlisle shale,

and the Niobrara shale, but cor;siats almost entirely of dark-gray and
black fissilkeshale, with light-gray to buff elongate limestone concretions
a8 much as 20 feet in length. Smaller ferruginous concretions occur
near the base of the Carlisle equivalent. The upper part of the Niobrara
beds contains Baculites cédyensis and numerous fragments of Inoceramus

grandus.

Telegraph Creek Formation
The Colorado shale grades upward into the so-called '"transition
beds' of the Telegraph Creek formation which consists of about 285
feet of fine alternating laminae of sandstone and shale. The sand
content increases toward the top. Hill slopes covered with fine sandy
80il derived from these beds are marked with crescentic slump scars.

The upper contact is gradational with the overlying Eagle sandstone.

Eagle Sandstone
The Eagle sandstone outcrops in an irregular belt along the northern

edge of the mountains and «ppcars in the mapped area at only a few
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places. The lower part of the formation consists of gray- and buff-
colored sandstone interbedded with gray shale, carbonaceous shale
and thin seams of lignite. Above these beds is a 60-foot layer of light-
gray to tan, massive and cross-bedded cliff-forming sandstone.
Glauconite and chert granules, small clay pellets and plant remains
are found at some places. The sandstone is medium grained, well
sorted and friable, and weathers to rounded cavernous outcrops. The
upper part of the formation lies outside the area mapped and the 140-

foot section measured does not include these beds.

Deposits of Tertiary and Quaternary Age

Gravels

Gravels are found on three levels of dissected pediments which
surround the Judith Mountains. These pediment surfaces slope away
from the mountains on all sides znd intersect similar surfaces sloping
away from the North and South Moccasin Mountains on the west and the
Big Snowy Mountains to the south. All are covered with a thin veneer
of locally derived rock meterial, which thickens toward the plains and
dpparently represents large coalescing alluvial fans., The surfaces
Steepen toward the source areas where the slopes exceed 100 feet per
mile,

The highest surface, 4,200 to 4,500 feet in altitude is capped
With approximately 20 feet of very coarse gravel which Alden (1932,
P. 22) has correlated with the Flaxville gravels of probable Miocenc

and early Pliocen: age (Collier and Thom, 1917, p. 183) Alden
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‘ (1932, p. 50, p. 62) assigns the two lower surfaces to the Pleistocene.

Travertine
Flat Mountain, in the southeastern part of the area, is covered
by a layer of travertine 65 to 85 feet thick. Similar deposits are
found 3 to 5 miles south of Flat Mcuntain and 10 to 12 miles north
of Lewistown, in the Moccasin Mountains (Calvert, 1909, pp. 35-40).
The largest single deposit in the Moccasin Mountains covers approxi-

mately 6 square miles and lies on the Flaxville surface (Alden, 1932,

i
gl
%
Y.

p. 22). Flat Mountain and the deposits to the south cover about 2
square miles each and lie on a still higher surface (5,000 to 5,300
feet) which slopes south and east from Flat Mountain. Gravel is

exposed at one place beneath the travertine on the east side of Flat

Mountain and this may be equivalent to the Cypr:35 Ilills surface of
% Oligocene age.
’ The source of the travertine is unknown, but a series of faults
with collapse structural features just north of Flat Mountain suggests

that calcium- carbonate -bearing waters may have issued in the vicinity.

The Flat Mountain’ deposit dips gently to the southeast and may once

have been continuous with the travertine south of Flat Mountain.

The travertine is thought to represent hot-spring deposits which

derived their carbonate material from the Madison and other limestones

during the subsiding stages of igneous activity. Physiographic evidence

] :
. U88e8ts that these deposits are not older than latest Oligocene and not

Younger than mid- Pliocene.
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IGNZOUS ROCKS

General Statement

The igneous rocks exposed in the Judith Mountains represent 2
variety of types of intermediate to acid composition belonging to both
ihe zlkaline and calc-alkaline clans. Rocks of the calc-alkaline clan
include quartz monzonite and rhyclite, form the major intrusive
bodies, .nd constitute the bulk of the igneous rock in the mountains.
Syenite, alkali syenite, tinguaite, and alkz;li granite compose the
alkaline suite and occur as dikes, sills, and small stocks. Basic
representativesof both clans are zbsent except for a few cognate
inclusions of sodic pyroxene, apatite, and magnetite in the tinguaites.

Various bodies of intrusion breccia include fragments of z1l other

igneous rock types.

With very few exceptions all rocks are porphyritic, and variations
in texture depend upon the }cind, size, habit, abundance, and orientation
of the phenocrysts, which are invariably set in fine-grained to almost
glasey groundmass material.

The general order of intrusion of these rocks is 4s follows:
monzonitic rocks, rhyolite, syenite, alkali syenite, tinguaite, and
alka'li granite; but there are exceptions to this sequence. A specimen
of monzonite from the Alpine Gulch stock contains an inclusion of
rhyolite, and - large dike of syenite cuts one of the tingu.ite sills on

the cast flank of the Linster Peak dome. In additicn to these specific
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reversals of sequelnce, the relative ages of some of the rocks are
unknown. The alkaline rocks are restricted to the northern part of
the mountains whereas almost all of the rhyolite is found in the southern
part of the mountains. Because of this geographic separation of types,
there is no field evidence to establish the age relations of the syenite
and the alkali syenite to the rhyolite. Tinguaite and rhyolite occur
together at only one locality - the southeast flank of Judith Peak. Here
rhyolite is the older rock, but there are reasons for believing that
some rhyolite magma was present beneath the northern part of the
mountains following the injection of most of the tinguaites (p.177). It
is quite possible that much of the rhyolite is younger than the syenite,
the alkali syenite, and perhaps even the tinguaite. Plate 2 illustrates
the age relations of the various rocks. Intrusion breccias are
genetically associated with rhyolite, with alkali syenite-tinguaite, and
with the alkali granite porphyry of Judith Peak, and their ages vary
accordingly. The distribution of the different rock types is shown on
plate 1.

Ten specimens, believed to provide a representative sampling of
the major rock types of the Judith Mountains, were selected for
chemical analysis. The chemical and normative compositions of

these specimens are shown in tables 2 and 3.
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