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A Sedimentary Petrographic Study of the Upper Fort Union
Group, Northern Crazy Mountains, Montana

by
John David Sims

Abstract

The stratigraphic position of the strata in the Orazy
Mountains of southwestern Montana haszlong been in doubt.
Terminology has been loosely applied and borrowed from other
Tertiary basins.

This study provides the first bed-by-bed description
of these strata. New paleontologlcal evidence indlicates a
late Paleocene age of fhe strata. Environmental interpretation
of the rocks concﬁurs wlth previous authors.

The entire sequence studled 1s placed 1n the Melville
formation of the Fort Union Group of Simpson(1937). The
terminology of Simpson 1ls adhered to because'of the proximity
of the area studied to the type sections described and mapped
by Simpéon/

The paragenesls of the minerals in these sediments 1is
intereéting. The upper 200 feet of the strata meééured
contain possibly dlagenetic chlorite derived from finely
comminuted biotite and has a 28 £ (001) d-value. Antipathetic
relationships between calcite and Quarfz are also exhibited.
These relationships are explalned by the reorganizatlion, in
place, of limestone fragments and the concomitant corrosion

of the quartz and feldspar fragments.



Criteria for subdivision, which may be applicable to
more extenslve areas, were investigated. Those which appear

to be of most use are: clay mineral variations, and sandstone:

shale ratios.



PART I
INTRODUCTION

Purnose and Scope

This investigation is part of a research program at
the University of Cincinnati almed at a geological analysis
of the Crazy Mountains, Montana and surrounding areas. The
present work was undertaken in order to obtain a more exact
understanding of the stratigraphy and sedimentological higs-
tory of the sedimentary rocks in the Crazy Mountain Basin.

The Shields River area (Figure 1) was chosen for the
initiation of the study of the sedimentary rocks because
exact stratigraphic descriptions and information are lacking.
Also, the correlation of the strata in the Crazy Mountains
has long been in doubt. These strata have been variously
assigned to the Livingston formation, the Fort Union Group,
and even the Locenc SGray Bull formation of the Big Horn
Basin.,

This irvestigation has a threefold purpose: 1) to
provide the stratigraphic data necessary for a more accurate
interpretation of the igneous history, 2) to clarify the
position of the sedlmentary strata in the Crazy Mountains,
and 3) to examine criteria for the subdivision of these
strata into small enough units so that detailed mapping
would be possible to further delineate the igneous and
structural history of the Crazzy Mountains and surrounding

areas. These criterla will then be appl.ed to more exten-
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slve arcas for detailed mapping.
It is not intended to disprove any present subdivisions
but to test, refine, and extend them into greater areas, and

to provide as uniform a treatment of the Crazy Mountain Basin

as possible.



Location

The area studled is located in Southwestern Montana
in the borderland between the Northern Rocky Mountains and
the dissccted Great Plains. The Shields River Valley area
1s located in the Gallatin and Lewis and Clark National
Forests in the Northern Crazy Mountains, approximately
45 miles northcast of Livingston, Montana.

The Crazy Mountain Basin is a structural Basin bounded
on the north by the Castle Mountains, a deeply eroded volcanic
remnant; on the northwest by the Big Belt Uplift; on the
west by the Bridger Range; on the south by the Beartooth
Mountains and the Nye-Bowler Lineament; on the east by the
Pryor Arch and The Fromberg Fault; and on the northeast by
the Lake Basin Fault Zone, and the Little Belt Mountains
(Figure 2).

Accesslbility of the area is by secondary macadam
road from Wilsall to the Goat Mountain Ranch, and by all
weather gravel road up to the Gallatin National Forest
boundary. Within the national forest the roads are dry
weather graded earth and "jeep" trails, Within the forest,
also are numerous pack tréils of varying passabllity.

While much of the Crazy Mountain Basin is semi-arid,
the upper Shields River Valley borders the Crazy Mountainistocks,
and has a high enough elevation to have rather high rainfall.
Consequently much of the area is pine timbered. The forest

ls largely made up of second growth lodgepole pine. Numerous
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dim

grassy parks occur on the hillsides and along streams,
BEstimated maximum relief of the area is about 4000 feet,
ranging between 6000 and 10,000 feet.

Field work for this investigation was carried out in
the summer 1963. TField work consilsted of detailed measuring
and sampling of stratigraphic sections, collecting data on
primary directional sedimentary structures, and structural
data. The latter was used for meking cross sections and
projecting outcrops in order to determine the order of
superposition of the measured sections. Fossils were also
collected for stratigraphic information.

Laboratory work consisted of thin section analysis of
mineralic and lithic content, fabric, and roundness. Studles
of clay mineral content, insoluble residues, sdeve analyses

and heavy mineral analysls were also completed.



Previous Work

The earliest geologlcal work in this and surrounding
areas was by W. H., Weell, In a report on the coal resources
of the reglon (1893), Weed indicated the presence of the
Fort Unlon Group, 4000 feet thick, on the east flanis of
the Orazy Mountalns, In the same report Weed first named
the Livingston formajion. Weed (1894, 1399)vmapped the
Crazy Mountains (Figure 3), and assigned the sedimentary
rocks present to the Livihgston formation. Weed (1899)
referred the upper 4700 feet of the strata mapped as Living-
ston formation to the Fort Unlon Group and gaire a general
measured section for the Crazy Mountains:

"The dark-colored series of rocks composing the

lower and typilcal Livingston formatlion are conformably
overlaln by a series of beds dssignated the Fort

Unlon beds, which are not distingulshed on the map.
These are composed of 4650 feet of sediments, and
consist of gray clay shales with occasional lenticular
concretions of impure limestone and interbedded sand-
stones. The sandstones are loose textured and crumbly,
frequently crossbedded and generally light colored. Thek
grains are water worn and consist of quartz with some
feldspar. The shales are generally gray, weathering
into fine cubical debris, and rarely calcareous. The
limestone concretlons are dense and flint-like, break-
ing with a concholdal fracture; +they weather with a
brownlshisurface, are sometimes netted wlith calcite
films, and contaln Unios and other fresh water fosslls.
Beds of impure, soft lignhitécsometimes occur with shales
that carry fern and leaf impressions of Eocene-Paleocene

specles." (Weed, 1899, p. 3)
Weed (1896) also discussed the Fort Unlon strata of the

Crazy Mounfains reglon in a general ﬁay and presented a

measuréd gsectlon on Lebo Creek on the northern flank of the

range.



Map of previous work.
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Stone and Calvert (1910), in investigating the
stratigraphlic relationships of the Livingston formation in
the Orazy Mountain Basin, discussed and mapped the relatlonship
of the Fort Union Group with the Livingston (Figure 3), and a
applied the name Lebo to the lower andesitlc member of the
Fort Unlon Group at Lebo Ofeek. In mapping the Fort Union
Group, Stone and Calvert were not able to place a definite
contact between it and the Livingston fromatlon on the west
slde of the Crazy Mountains. Exposures are nat always good
and the Fort Unlon apparently overlles the Livingston con-
formably., Stone and Calvert applied the names Lennep and Lebd
to the andesitlic members of the measured sectlon along the
Musselshell Rivery The Lennep sandstone overlies the dark
Bearpaw shale and underlies the Hell Creek formation.

Simpson (1937) studied the Fort Union Group on the east
flank of the Crazy Mountains (Figure 3). He defines the Fort
Union Group as begining at the top of the Lance or Hell Creek
and enfling at the base of the Gray Bull formation (Table 1).
Simpson was able to divide the Fort Union Group into four
recognizable units. The Bear formation which is eQuivelant too
the Tullock, Fort Uniom "1" and Fort Unlon "2" which are
equivelant to the Lebo forﬁation, and the Méliille formantion
which is apparently equivelant to the Tongue River member of
the Fort Union in the Pﬁwder River Basin, Thils latter term-
inology is presently used in the Orézy Mountain Basin,
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Tanner(1949), in a study of the Sixteen Mile:'Creek area
(Figure 3), encountered Tertiary strata which he was unable
to assign‘to the Llvingston formation, However, he did not
asslgn these strata to the Fort Union Group, but divided them
into two formations, "A" and "B",

McMannis(1955), in‘a.study'of the Bozeman Pass area(Figure
3), Provided a five~fold subdivision of the Iivingstom-Fort
Union Succession. These divisions are as follows: 1) a
lower dark gray to green andesitic sandstone sequence equiva-
lent to the Clagget, Judith River, Bearpaw and Lennep forma-
tions, 2) variegated fine grained sandstones, hackley shales,
and bentonitic elays equivalent to the Hell Creek sandstone,
3) conglomerate and andesitic sandstone containing fragments
derived from lgneous rocks of Oretaceous and Precambrian age
and sedimentary rock fragments as old as that of the Cambrian
Flatheand sandstone, but there are no fragments derived from
the Belt Serles rocks in thlis unit, and the unit is perhaps
equivalent to the Bear formation (Tullock of the Powder River
Basin), 4) an andesitic sandstone sequence, but with less
anlesitic‘matarial and more quartz, and lighter in color
than the lower units, equivalent to the lower Lebo shales
of the Fort Union Group, 5) an upper conglomerate ldentical
with the lower conglomerate and approximately equivalent to
the upper Lebo shale of the Fort Union Group. Overlying
this is a 4000 foot sequence of sandstones and shales of the

Melville formation.
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Recently there has heen renewed Interest in the
Crazy Mountian Basin. Roberts (1963) has redefined, in the
Livingston area, the Livingston‘formétion of Weed, and Stone
and Calvert as the Iivingston Group, and has divided this group
into four new units, as shown in Table 1{: the Cokedale, Miner
Creek, Billman Creek, and,Hoppe:s formations, Cénformably
overlying the Hopper formation is the Fort Union Group. This
terminology will be reviewed in greater detall later in this
paper,

Skipp (oral communication, 1963) has been able to divid
the Livingston Group into eight units in the Maudlow area.
Completion of pfojected mapping programs by Skipp and Roberts
is expected to indicate lithologic equivelance of these units,



Table 1., Stratigraphic terminology used in the Crazy

Mountaln Basin.

Weed, 1894, 1899

Stone and Calvert, 1910 _ Simpson, 1937

Eagle ss. Eagle ss.

g Fort Union e Melville

4 Fort Unlon formation repo Fort Unlon fm, Lebo 1

o - o . Lebo 2

§ , ,

; Bear fm,
Lance fm, ‘ Hell Creek fm

g Lennep fm. Lennep fm,

9 Iivingston fm, Bearpaw fm. Bearpaw fm,

g - Judith River fm, Judith River fm.

= Claggett fm. Claggett fm.

« Laramlie fm Eagle ss, - Eagle ss,

o . SRR o

McMannis, 1955 Roberts, 1963 _ This Paper

1]

‘2 Fort Union fm. ' o Melville fm,

3 Lebo, fm, Fort Union fm, Lebo fm.

o Tullock fm, ' ’ Bear fm,

z

.
Hoppers im Hell Creek fm
Billman,Oréek ggzj::::::lmnnep fm,

¢ Livingston Fm. Miner Oreek fm; Bearpaw fm.

o Cokedale fm Judith River fm.

¢ Claggett fm.

s

o
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General Geology - Reglonal Stratigraphy

The rocks expssed marginal to and in the Crazy Mountain
Basin are briefly reviewed, because the Livingston-Fort Union
sequence 1s composed of locally derived sediments.

Early Precambrian igneous and metamorphlic rocks are
present in the cores of tﬁe Little and Big Belt Mountians
to the nortn, in the‘Bridger'Range to the west, and in the
Beartooth Mountainssto the south. Unconformably overlying
these is the Late Precambrian Belt Series to the west and
north. This is a sequence of low grade metamorphosed
sediments deposited in the Belt geosyncline, The Greyson and
Spokane shales are tha only two units exposed in the viecinity
of'the Crazy Mountain Basin, The Greyson shale overlies the
Newland limestone, exposed near Whitehall, Montana, and is
a dark grey, highly indurated, calcareous, moderately fissile
shale and contrasts strongly with the Greyson shale. The
Spokane shale is a hard, red, argillaceous, siltstone with
greenish~-grey stringers and intercalations. The Spokane also
shows primary structutes, such as raihdrop prints, trace fossils
and ripple marks.

The Paleozoic sedimentary rocks rest unconformably on
the Precambrian. The Cambrian successlon begins with the Middle
Cambrian Flathead sandstone, a shallow marine pink quartsz
Sandstone, The Flathead sandstmne is followed by the Wolsey¥y
Shale, a brown, glauconitic, micaceous shale; the Meagher Lix

limestone and the Park shale. The Upper Cambrian
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Pilgrim limestone 1s conformable With the Middle Oambrian.

An unconformity separates the Devonlan from the Upper Cambrian.
The Upper Devonian successlion éonsists of the Jefferson
dolomite, a fetid black to gray dolomlte, and the Three

Forks shale, consisting of orange and green shale.

‘ An unconformlty aga{n separates the Misslssippian from

the Devonlan. The Mississippian succession consists of the
Madlison limestone wlth some anhydrite in the Charles Member

and the Big Snowy Group, a succession of limestones and
sandstones and shale,

The Amsden formation is transitional from the Misslssip-
pian to the Pennsylvanian, and is a serles of limestones,
sandstones, and red shales. The Amsden formation 1s overlain
by a dolomitic orthoqﬁartzite, the Pennsylvanian Quadrant
formation.

| The Jurassic unconformably overlles the Paleozolc
seguence and is a regressive series beginning with shaly,
oolitic limestones of the Rtdrdon formatlon, to the calcareous
sandstones of the Swift sandstone, and finally closing the
Jurasslic record with the thin shales and limestonés of the
Morrlson formatlon.

The Precambrian through Jurassic strata are exposed only
at the edges of the basin where the tilted strata have been
beveled by erosion. Within the basin proper, the oldest
formations observable are the thick Cretaceous Kootenail

formation consisting of conglomerates, sandstonés, red 5o
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shales, coals, and limestones, These are visible in local
domes and folds. l

The Colorado shale overlies the:Kootenai formation. To
the west this is a thick sequence of marine black shale and
quartzitlic sandstones., In thils area it is represented by
soft sandstones and siltétones of lagoonal and terestrial
environments (Klemme, 1949). Vulcanism is evidenced by
tuffaceous material presené in the middle part of the
Colorado shale (Klemme, 1949),

The Montané Group is thé most extensively exposed
stratigpaphic unlt in the Crazy Mountain Basin. The greater
portioﬁ‘of the Montaha Group is composed of the Livingston
Group., The original Montana Group to the east 1ﬁcluded the
Telegraph Oreek, Claggett, Judith River, Bearpaw, and Lennep
formations. These formations could not be differentiated
in the Crazy Mountain Basin, but they were correlated with
the Livingston formatibﬁ of Weed, (1893) and Stone and
Calvert (1910). Roberts (1963) restricts and redefines the
Livingstén formation of these authors (Table 1).
| Roberts raised the lower half of ihe Liviﬁgston formation
to group status and named four new units: the Cokedale,

Miner Creek, Billman Oreek, and Hoppers formations. The
‘Hoppers and Miner Creek formatlons are depicted as more source-
ward facles oyf the Hell Oreek formation(Roberts, 1963). These
formations also include a small portion'of the Lennep'sand-
stone. The upper Lennep sandstone 1is correlated, by Roberts,

with the'Fox Hills'sandstone of the Powder River Basin., The
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Fort Union Group conformably overlies the Iivingston Group
in the Iivingston area. |

Northeast of the Iivingston area the Tullock formation
is intercalated betweeh the Livingston Group and the Fort
Union Group. Simpson(1937) ﬁorking on the east flanks of
the COrazy Mountains, bropaéed the name Bear formation for
the interval between the recognizable Hell Creek sandstone
and the Lebo formation of the Fort Union Group. He could
further divide the ILebo formation into two recognizable
units for mapping.. Attempts by Simpson to carry these
subdivisions to the west side of the Orazy Mountalns were
unsuccessful. Simpson(1937) further proposed that thenname
Melville formation be éppliéd to the strata superjacent to
the Lebo formation of Stone and Calvert(1910). It is assumed
that'the Melville formation is for the ﬁost ﬁart equivelant
to the Tongue River, a term applied to the upper member of
the Fort Union formation of the Powder River Basin in Wyoming,
The Tongue River member contains thick coals and forms a
Promingnt escarpment above the clinker-capped lowlands formed
from the baked Lebo shales.

Several authors(Weed, 1899; Stone and Calvert, 1910;
and Simpson, 1937) héve recognlized the possibillity that the
uppergpost strata in the Crazy Mountains may be of even younger
age, perhaps as young as the Gray Bull(Eocene) formation of
the Big Horn Basin(Simpson, 1937). This has &et to be
clarified. " '

At present the author prefers to follow Simpson(i937)



and use Bear, Lebo, and Melville formations as subdivisions
of the Fort Unlon Group. This terminology 1s preferred
because of the proximity of the rocks studied to the type
sections of the Bear, Lebo, and Melville, near Melville,
Montana. These formations are identifiable and mappable in m
many areas (Stone and Calvert, 1910; and Simpson, 1937),
thereby juséifying the escalation of the Fort Union to'Grdup
status from formation status. The stratiéraphic nomenclature

used in this paper is summarized in Table 1.
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General Geology-~-Stratlgraphy of Area Studied

The structure of the Shlelds River Valley area is
relatively simple(Figure 4§). The Davey Butte Anticline, an
extension of the Rdbinson‘Anticline, trends north-northwest
and the Shields River Synclline trends south-southwest, The
western boundaryolatthesavesasstudiedilsmearttheilntenaection
of these two broad open folds.

The sediments in the Shields River Valley area are
much like the description of Weed(1899). The series is
drab, mostly thin bedded, silty séndsténes. Qccasional
limesténe nodules are present in lenticulér bands. Upon
weathefing these nodules have an orange~brown color.

An average sandstone 1s medium to fine grained, sub-
angulaf to subrounded, calcareous, has very little clay
sized material( 2.) or clay minerals, moderate amounts of
lithic material, and some carbonaceous material., Mudstones
are generally very sllty with only moderate amounts of clay
minerais. Bedding flssility 1s almost totaly lacking. The
best bedding fissility is observed when large amounts of
carbonaceous material are present in the mudstones., Some
soft coaly shale layers were noted in the middle one third
of the'measured sequence. These were extremely variakle
and never exceeded one inch in thickness. |

Oﬁe of the most striking features of the sandstones
ig the ublquitous nature of the calclite cement present in
large quantities, and lts apparent corrosive nature on the

Quartz and feldspar grains. Previous workers had not even
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commented on this, although Stone and Calvert (1910)
studied these rocks in thin section, ' ‘

Figure 6 shows a moving average of the sandstone-
to-shaie ratios in groups of three for twenty-five foot
intervals of the longest sections of the rocks studied,

It can be seen that the upper one-fourth has a rather high
éandstone:shale ratio, dropping rather low in the middle one-
half, and rising sharply again in the lower one-fourth,

The entire measured sequence studled has been placed
in the Melville formation of Simpson (1937) on the basis of
lithologic similarity and paleontological évidence cited

later.



LOCATION OF MEASURED SECTION

Figure 6. Moving average of
sandstone:shale ratios
per 25 foot interval

J-4 in groups of three.
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Generaineologx--Igneous Rocks
Yo The lgneous rocks ocecur in two stocks and in numerous

dikes ;and- sills.f :The Southern Stock 1s the largest and has

w e e D

redlating from 1t two phases of basic.rock as dikes. These

twWo. dike. phases were .probably-intruded at,different times..
alongnsimilarvplanes:of,weakness,‘ I@whas=been:demonstrated

thet the Northern Stock is. responsible Lox.. the intrusion .of...; .,
sillsxof syenitic .composltion.  These . syenitic sills. are.; ..
1ntercslaped with, the sedimentary .rocks of fho upper Shields
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LA second (8111 phase ‘which has no. demonstrablelsource

at. present is exposed in the Davey Butte Anticline(Figure 4)

‘‘‘‘‘‘

communication) . These rocks are pPresently being studied
by Mr. B E. Simms, Department of Geology,,University of ;Cin
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The sills of : syenitio composition are stratigraphically
higher than -the basle sills, and. areaprincinally exposed on .
theveast flank of the Davey Bubte: Anticline. Lodad i np
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PART IT
FPROPERTIES OF SEDIMENTS
Mineral Compdsition

Locations of all datum points are shown in Flgure 7.

The data resulting from the field and laboratory.study are
bpresented in table form in Figures 8,9,10,11,12, A general
discussion of each tabulated feature follows. In the discussion
of the mineralic features, with the exception of insoluble
resldues, per cent is by point count,

Quartz 1s a major component in all the sandstones. Quartz
is always in excess of 20 per cent in any thin section, and
in several it eiceeded 50 per cent. Quartz occurs as sand
slze and smaller gralns, and 1s abundant in the silt and
fine silt sizes.

Feldspar is always a minor constituent although it may
account for as much as 17 per cent of a thin section., The
average range of feldspar content is two to elght per cent.

The upper one-half of the measured strata show an increasing
amount of feldspar. Both plagioclase and orthoclase are
Present. Plagloclase is the more abundant and contributes
an estimated 80 percent of the total feldspar.,

Identification of the sodic plagloclase and orthoclase
Was made by stalning control slides to check the determination
Oon unstained thin sections. The stalnling procedure made use
0f sodium rhodizonate and sodium cobaltinitrite. TIn this
test the sodium rhodizonate complexes with the calcium of
the plagioolase and the sodium cobaltinitrite complexes with



the potassium of the orthoclase, producing red and yellow
stalns respectively. Broadness of the albite twin lamellae
In the polysynthetically twinned plagloclase also indicates
a cal’cd cameider.

Quartz and feldspar are characteristically corroded
with calcite £illing the corroded portions in all the thin
sections of sandstones examined(Figures 13, 14). Quartz and
feldspar are the only grains seéﬁ to be corrodéd. In some
thin sections adjacent quartz and limestone gralns are
touching. Tke boundary between the two is quite irregular and
indistinct, and calecite patches show a decrease in size and
number as the center of the quartz grain is approached,

This relationship is not seen in all the thin sectlons.

In figures 8-12 the group termed Lithic Fragments includes
red and black lithic fragments of siltstone, iimestone and
dolomite, "clastic calcite", and polycrystalline quartz. In
this 1nvesfigatiqn any parﬁicle made up of more than one,
optlcally discontinuous, discreﬁe grain of quartz, whether
brimary or sedimentary, is termed polycrystalline quartz;
which thus includes quartzite, sandstone, siltstone, and
chert fragments. Among the lithic fragments were some whose
affinities were not known or whose characteristics excluded
them from other groups. These fragments were highly altered,
fine grained, brownish-grey to greylsh-brown lithic material,
which may be equivelant to what other workers have termed

"andesitic debris".



Flgure 13. Photomicrograph. Q=quartz, F=feldspar, R=rock,
C=caleclite matrix

Figuret14, This Photomicrograph shows much lithic material
and magmetite. Note the horizontal banding of the

opaque rock and magnetite fragments parallel to the
beding,



-19-

Varlation in the red and black lithic material was
estimated in hand specimens separately and 1s shown graphic-
1ly in Figures 8, 9, 10, 11, 12, On a megascoplic scale the
red and'black lithic fragments are a striking feature of the
Fort Union sandstones in this area. The red and black frage
ments are easlly observable in a hand specimen.

In general varlation in the clay mineral content is one
of decreasing amounts of chlorite and increasing illite and
montmorillonite as progressively older strata are examined.
These variations are shown graphically in Figures 8, 9, 10,
11, 12, 15, 16, 17, 18, 19,20, 21. Mixed layer material
components are varlable but tend to increase in the older
strata along with the 1llite and montmorillonite. Kaolinite
1s a very minor constituent in all the rocks investigated.
Only one sample was found bearing abundant well crystallized
kaolinite(J-4-83), A few grains of,wwhat may be, glaucomite
were found in the thin section analyses,

The crystallinity of all the clay minerals is extremely
poor. In some cases it was difficult to observe (002) reflect-
lons on the x-ray diffractograms. Only rarely was it possible
to observe higher reflectlions than the (002). Also an attempt
to obtain b-axis dimensions for the contained chlorites
falled, due to the lack of these higher order reflections.

The b-axls parameter can be used for estimation of the ferrous
iron content of chlorites for the general formula

(Mgg_x.. yFe Al )(314 xAlx)o1O(°H)8 (Brindley and
McBwan, 1953) Even with lengthy and careful extraction
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processes reflections beyond about 450 26 were unobtainable.

Swelllng propertles of the montmorillomites in ethylene
glycol saturated atmospheres were not always uniform. However,
more highly crystalline montmorillonltes were obtained from
¥he lower stratigraphic units (approximately the lower 500
feet,). -

"The cememt of the sandstones 1s almost totally composed
of spafry calclte., ZTFach graln is completely enclosed in a
matrix of clear crystalline calcite. Some of the cementing
1s due tb the clays, and silica and pyrite. The clay mlnerals
are intimately intermixed with the claclite cfment.

Silica cement was first suspected when attempts at
disaggragation of the sandstones for sieve analyses and sep-
aration of the heavy minerals were made, Incomplete dis-
aggregations and contamination of the heavy mineral separates
were encountered., Veriflication of the sillica cement was ob-
tained in thin section., The silica is present in the form
of chalcedony, ldentified by its microfibrous texture in
Plane polarized light, and by a mosaic of grey, black and white
fan-shaped masses in polarized light. The chalcedony present
1s very similar in appearance to that figured by Carozzi
(1960, p. 12.). The amount of silice cement 1s very minor.

Large amounts of contamination of the heavy minerals
Separates were also caused by aggregates of quartz, feldspar,

and lithic material around subhedral to anhedral pyrite grains,
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The calclte cement of the sandstones ls partlcularly
interesting because of 1ts intimate assoclatlion with the
corrosion effects of the quartz and feldspar gralns. The
corroslon of quartz and feldspar grains and thelr repalcement
by calcite is representative of the "deep burial" stage in
the diagenesls of sandstones propose& by Dapples(1959).

Sandstone compositlons are portrayed in Figure 2é,
along with the calculated outcrop patterns of the measured
sections, based on the geometric projection of the measured

rocks on a topographic base map.
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Mineralogy of the Sediments--Discussion

Quartz 1s seen to be abuﬁdant whille feldspar is minor;
indicating a source for these rocks poor in feldspar. Mogt
of the rock fragments observed are of sedimentary origin, A
high degree of rounding for some of the quartz grains along
Wwith a high degree of angularity for most of the other quartz
gralns indicates several sources for these grains, Rounded
quartz grains were never observed to be corroded and replaced
by calcite while angular quartz is almost always corroded and
replaced by calecite. Feldspar is always corroded and replaced
by calcite.

Another factor Speaklng for a source rock of sedimentary
origin is the occurence of sporadic conglomeratic lenses,
These were never observed to contain igneous or metamorphic
fragments, The conglomeratic lenses were prédominately
composed of limestone ang highly indurated siltstone frag-
ments. TITithic fragments are always well rounded and, in general,
do not ocecur in size grades smaller than 25Qx‘.

Holms and Hearn(1942), Weaver(1958), and others have
shown that the clay minerals present in a fluviatile environ-
ment largely reflect the composition of the sodls 1ﬁ the source
areas from which they were derived. Dlfferential flocculation
and settling of  clay minerals would not occur in fresh water
environments, and a general mixing of the varlously derived
clay minerals would occur 1n the depositional slte. ILateral

varlations would primarily be controled by the source areas,
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Illite, montmorillonite, mixed layer materlal, and
glauconlte are all indicative of a marine enviromnment,
Ohlorite is known to occur in both marine and fresh water
environments.‘ Kaolinlte i1s indicative of a fresh water or
brackish water environment(Grim, 1952).

Montmorillonite forms from the alteration of volcanic
ash falling into a marine enviromment. It 1s the interaction
of the salts in the saline water with the glassy material of
the volcanic ash which results in the devitrification of the
glass. The devitrification process liberates sillica in
exchange for other lons present in the saline water and
eventually results in the formation of an expandable phylle-
silicate structure. Thls mineral is common in the Oretaceous-
Tertiary marine volcanic deposlits of the Rocky Mountain reglon.

Illite may be formed from montmorillonite by the exchange
of the interlayer cations in the originally expandable struct-
ure for potassium ions. The additlion of the potassium lon to
the phyllosilicate structure then destroys the expandable
nature, because the clay mineral layers are very tightly
held together through the strong lonlic bonding of the
potassium lon.

Intermedlate between the complete change of montmorillon-
ite to 1llite is mixed layer materlal. Mixed layerlng 1s the
interlamination of 1llitic and montmorlillonltlc units. The
mixed layer materlal may be randomly or regularly linter-
stratified. A regular mixed layer clay mineral would, upon
x-ray diffraction analysis, exhiblt an Intergal series of
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reflections, Just as any single component clay mineral would,
However, these reflections would have a d-value intermediate
between the component clay minerals, This new d-value is
dependent upon the original d-values of the component clay
minerals and the amount of each present in the mixed layer
structure. A randomly mixed layer mineral would result in t
a non-intergal series of reflections. It would exhibit the
characteristic reflections for each of the clay mineral
components present in the mixed layer structure.

Llttle  1s known about the mode of occurence of chlorite.
It is present in both marine and fresh water sediments in a
variety of forms. OChlorite is abundant in limestones,
dolomlites and evaporites, along with 1llite and mixed layer
minerals. Ohlorite teﬁds 0 be preserved in these rocks

2+ and Caa* lons,

due to the high concebtratlions of Mg
which are avallable to the chlorite in the regrading process.,

The chlorites in the rocks studied are interesting
because they are especlally abundant in the upper 200
feet of the measured sectlons and generally absent in the
lower 1000 feet. They appear to be in part autﬁiganic or
at least partially recrystallized, though achieving any high
degree of crystalllinity.

The chlorite 1s generally in brownish to ollve, extremely
fine grained masses, which are almost isotroplc. Carozzi(1960)
describes the alteration of finely comminuted blotlte to
chlorite having thls same appearence. Occasional biotite

flakes and booklets are present in the sandstones., However,



“25-

the scarcity of large blotite flakes and the presence of

the fine grained chlorite indlicates that the blotite was
exposed to an extreme process of tituration, Some large
flakes of chlorite were observed. These,ttoa, are assumed

to be dlagenetic products of the alteration of blotite,

Data obtalned early in this study from a General Electric

XRD-5 x-ray diffractometer and chart recorder indicated a
basal (001) reflection of 14.7A for these chlorites., A

search of ﬁhe literature provided only one reported occurénce

of a chlorite with a 14.7A basal spacing(Sato and Sudo, 1959).

The chlorlte was described from the Hitaéhi Mine, Japan. Thé
rocks in which the chlorite described by Sato and Sudo occurs
are assoclated with contact hydrothermal and regional meta-
morphism(Jenks, oral communication).

Oomparison of the Fort Union éhlorite was made with that
from the Hitachl Mine and was found to have the same reflect-
lons in the 20 reglon gmaller than 450, Comparison‘of the
chlorites at higher values was not possible due to the lower
crystallinity of the Fort Union material.

Film comparison of these two minerals(Table 2) indicates
a (001) reflection at 14.3A. Closer inspection of thig film
reveals a diffuse llne at approximately 28.5A. Thig data
indicates that the material has,in both cases, a unit cell
of about 28A in height(d=c cos 8). These data then indicate
that the minerals belong to the space group C02/c which is
rélated to a c-glide 1n the (010) plane(McMurchyy,1934).

The C2/c space group gives an 1déntical‘projection of fhe



electron density on the 2=b plane as the unit cell 14,24 in
helght. The 14,24 wnit cell would be in the C2/m space group
Wwith a (010) mirror plane,

Detalled crystallogrphic data are lacking and these
data can be held only as indications untill further work 1is
done,

The material ldentifieq tentatively as glanzohidcehhns
aprarently been derived from Pre-existing rocks, Known
rocks containing glauconite in the Surrounding areas are
limestones in the Wolsey shale and Park shale, both of

| ,
Cambrian age,

1932; ﬁendricks, and Ross, 1941; Grim, 1952).

TWo possible explanations are Possible for the pPresence
of kaolinite. As stated earlier, kaolinite commonly occurs
in fresh to slightly brackish water enviromments, The rocks
in this areé are of fresh water fluviatile origin, Therefore,
the kaolinite would be expected to ocour if 1t were present
in the source area, or ir the conditions for its fbrmation from
pre;existing materials were present elther at the source or
depositional site. Xaolinite is commonly formed through the
weathering of feldspars, particularly orthoclgse. Lacustrine
environments, through which an appreciablemovement of water
occurs, and with consequent removal of alkalies and alkaline

eat [
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earths, would be expected to show a development of kaolinite
(Grim, 1952, p. 354). Therefore, in lakes where lime ig
éccumulating, the férmation of kaolinite would be blocked
and where there is no accumulation of lime, there would

be a diagenetic development of kaolinite, Kaolinite is
generally absent in carbonate rocks because of the large
quantitles of alkalis., Kaolinite ls very poorly orgainized
in porous media(Grim, oral communication).

Al) the cléy minerals were in a genéral state of low
crystallinity., Mesozoic rocks are abundant in surrounding
areas énd they, too, would contain rather boorly crystalline
material when compared wlth the clay minerals from the aleo=~
zolc rocks, because the clay minerals have not had enough time
for complete regrading and reorganization. The weathering
of these rocks in the processes of soll forming prior to
incorporation in the Fort Unlon rocks would also tend to
further decrease the crystallinity. However, this is probably
an apparent reduction, because‘the hydraulic force which moved
the sand and silt grains was strong enough to remove most
of the‘clay.mtnérals, due to their much finer size,

This gradual change in kinds of clay minerals could be
accomplished through the folding, faulting, and warping of
the strata on the edges of the Crazy Mountain Basin. Erosion
of the rocks would expose increasingly olderrocks as 1t Pro=-

gressed, It has been illustrated by many authors that the



predominant clay minerals ln Paleozoic rocks are illite and
mixed layer minerals, and that montmorillonite is predominant
in the mesozolc rocks. These factors accompanied by the form=-
ation of chlorite from biotite derived from the igneous rocks
would then account for the clay mineral variatlons.

The Fort Unlon rocks lllustrate the gradual erosion
of Mesozolc and Paleozoic strat; from the Precambrian rocks,
and finally the derivation of debris from source areas in which
igneous and metamorphlc rocks were abundant. | |

The relationship of silica and calcite in these rocks is
an interesting one., Three possible explanations may be
tendered: 1) the quartz and feldspar grains were corroded before
deposition,nand the calclte merely filled in the old corroded
surfaces; 2) both pre-depositional and post-depositional
corrosion oééured; 3) the grains were corroded in situ.

The first possiﬁility 1s enticing because it discretely
moves the mechanism away from the area studled, and only the
effect can be observed and the cause mildly speculated upon.
However, certaln data indicate that choices 2 or 3 may be betterxr
for the state of the feldspar and quartz. In some instances
calclte has replaced the central portion of a quartz.grain
and in others there is wholesale replacement of pélyéynthetically
twinned plagloglase by calclte.

Carozzi(1960) describes the progressive replacemento®df
quartz and féldapér by the expansion of calcite inclusions

and by the increase in number of calcite inclusions., Grains
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which appeaf to be detrital caelcite are usually 100 per cent
replaced feldspar and perhaps quartz. The case for primary
calcite cement 1s strengthened by these factors plus the
abundance of limestone fragments. Reorganization of these
fragments in place would produce the abundant calcite cement
observed in the rocks. The so}utions whlch reorganized the
calclte could also be partlally responsible for the corrosion
of the quartz and feldspar. Pressure solution is not indicated
due to the lack of sutured boundrlies and overgrowths or
penetration of grains,

Dapples(1959) proposed a model for the diagenesls of
a sub-greywacke sediment.

1) Very minor rounding associated with the depositional,
Btage.’ |

2) During the intermedlate stage initiation of salcite
cementation occurs. Calcareous concretions are developed at
this stage along with some secondary chert in fresh}water
sediments, |

3) "The stage of deep burial is indicated principally
by thehiﬁtroduction of carbonates,corroding: grains of Quartz
and replacing clay matrix"(Dapples, 1959). Recrystallization
of cley minerals, and the'éﬁparent 1ntro&uction of authigenic
muscovite also occurs in this stage.

These general dlagnostic relatlionshlips are ;llustrated
in Figure 23, Chertification is a process distinctive of
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the intermediate stages of diagenesis, especlally so in sediments
deposited in fresh water. Extreme calcification is indicative
of a saline environment.

It 1s not intended, at present, to suggest that any of
the sediments are of marine orlgin, The inverse relationships
of calclte and Quartz are not fully understood, but some rel-
atlon between solubility and PH 1s lmplied,

Krauskopf(1959) presents a summary of the solubility of
amorphous siliéa wiﬁh respect to temperature(Figure 27) and
with respect to pH(Figure 26). Krauskopf further lists and
dlscusses factors influenciné the solubility of silica as
follows: 1) the form of sllica, 2) occurence of amorphous
silica in a supersaturated soluti&n, 3) concentration, 4)
the presence of other ilons in the solu%ions, 5) the presence
of other solids in the solutions, and 6) the piesence of
organisms, .

The factors having the greatest effect ares temperature,
PH, and the form of silica. The other factors mainly affect
the rate at which the equilibrium solution is attained, The
effect’of temperature and pH are already summarized. Amorphous
sllica gell is most solilble(50-80 ppm, at 25° C.), opal is next
and the crystalline forms of sillica even less. Quartz is least
soluble of the si}ica polymorphs(7-14 ppm, at 25° C.).

Upon disolving, silica fo:mé monomeric silicic acid
(H4S104), which i1s the stable product as long as undersaturated

6r satuiated conditions are maintained. Supersaturated
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solutions preciplitate colloldal silica in an effort to main-
tain saturated equilibrium condltions with respect to temp-
erature. The effects of pressure in combination with temp-
erature were not discussed by Krauskopf.

Calcite, on the oter hand, is more soluble 1ln cold waters
of low pH and less soluble in warm waters of high pH. Thus,
the antlpathetic relatlionship of calcite and quartz 1s
established.

From the data of Dapples(1959) and Krauskopf(1959),
1t may be surmlised that the pfesenée of calclte aﬁd teﬁp-
eratures in the range of 25-1500 C, are sufficlient to effect
the solution of quartz and the deposition of calclite., The
presence of moderate heat not only increases the solubility
of silica but also the rate at which it goes into solutlon.
At values of pH greater:tharl9i0rfurthércincreasés incthe
solubility of quartz would occur, and the antipathetic
relationship.of calclte and quartz would be enhanced,
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Iextures and Structures

Graln size of the sediments 1s rather small., Average
grain size of the sandstones is in the 250-~500 micron
Tange with occasional pebbles as large as about 2 cenximeters.
in the longest dimension. True conglomerates were not observed
Conglomeratie patches were randomly distributed in the sandstone,
but generally occured at the base of scour and channel fill-
ings. Size grades larger than 2000 microns were predominately
composed of rounded siltstone and limestone fragments,
set 1n a matrix of sandstone and silt sized material, and
cemented by calclte. The rocks at localities X-53 and X-21
are,on the average, coarser than those in the strata at
J=2, J=1, X-13, and X-5, and these are coarser than the
strata at J-4(Figures 8-12). |

Bedding iﬁ the sedimeﬁts 1s generally medium to thick
(Ingram, 1954) with an approximate average for the entire
measured sequence of between 2 and 3 feet. The beds are
hard, and many splinter quite readily when struck with a
hammer,

Internal stratification is not common in the sediments.
Many of the sandstones are laminated. The laminations are
often quite pronounced by interlaminations of magnetite
and blaok 1ithic fragments(Figures 13, 14) The magnetite

grains are the more common 1nterlam1nae.

Shales are uncommon in the strata studiéd. ~But when g

shaly unit i1s examined closely, it can be seen thét the

t
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bedding fissility is usually caused by thin compressed
layers of carbonaceous material which allow the shale to part
rather freely, parallel to the bedding. A

Directlional features inclﬁde crossbedding(Figure 28),
ripple marks(Figure 29), log orlentations, and'éhannels.' A
number of these features were measured and plotted on Flgure
25, As can be seen, two speclific trends are evident. At
locallty J-2, a southwesterly direction 1s indlicated, and at
locallty J-3, a southasterly trend is evident. Additional
information was obtained from J-4, X-21, X-20, and X-18
(Figureg5). At present, these data have only local significance
and more ﬁeasurements over a wlder area are necessary for a
better indication of source directions., Such measurements
are contemplated as a portion of more extended and detalled
work in the northern Crazy Mountaln Basin in the summer of



Figure 28, Crossbeding at locality X-18. fThe crossbeds
are set off by cross laminae of black lithie fragments
and magnetite. The direction of this crossbeding is
plotted in Fig, 25.

Figure 29, Ripple marks at locality X-99,
ripples whose strike is NB-SE.
Mg, 25,

Thikse are current
This is plotted on



Textures and Structures--~Discussion

The general small grain slze accompanled by large amounts
of silt but relatively llttle clay slze material indlcates
a moderately strong fluviatile environment for the sandstones.
Variations in the hydraullc force did ogcur, as illustrated
by conglomeratic lenses and very silty units., Interpretation
of these siltstones wdll requlre more detalled imformation.
The slltstones may represent a perlod of relative quiescense
of the deposlting streams, a still water facles of large
streams or flood conditlons.

Simpson(1937) visualized the environment of the Fort
Union Group in thé Orazy Mountalns as a floodplain. Thils
is supported by the excellent vertebrate fosslle localities
which are quarriable, freshly fractured bones, teeth missing
from Jaws, and assoclation with fishes, aquatic reptiles,
and fresh water molluscan fossils. This indicates that
‘the remains were washed in and concentrated. Most of the
mammals represented are thought to have had aboreal habits,

Non-laminated, non-fissile sedlments would be indicative
of a fluviatile environment in which settling time was short
or interrupted. Olay materlial is also necessary for the
production of fissility in indurated sediments(Grim, 1952).

The relatively minof occurence of crossbedding and
channeling also tends to indicate a moderate or sluggish
current, Channels are generally small, averaging one to two
feet deep. Data on directlonal structures are still too

incomplete for any real analysls. The sedimentologlcal
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evidence tends to substantiate the evidence of Simpson(1937)

for a floodplain environment.
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Fossils

Fosslls in the strata are fresh water and terrestrial
forms, The preservation is rather poor, in general, and
often fragmented, due to the coarseness of the rocks in
which they are preserved.

Plants are particularly abundant as carbonaceous films
and veln impressions. The following is a list of tentatively
ldentified material which indicates a Paleocene age for these

rocks:

Sequoia sp.

Metasequoia sp.
Taxodium sp.

Sassafrass sp,
UEQG 8P.
etula Sp.
Quercus greenlandica
Populus sp.

Animalyfossils are rather rare and represemted by
relecypods and gastropods, Ofithe lnvertebrates represented
pelecyppds are the most abundant. Generlc identifications are

offered:

Vertebrate aniﬁals are represented in the strata by
only one fossil from locality J-4, an M; or M, of (?)Gidleyina
stiberlinkl. Simpson(1937) reported (?)Gidleyina sdlieXlizii
as occuring 400 feet ébovehthe base oftfhe Melville formation
in Wheatland County, Montana, 20 miles to the northeast of
Melville, along the road to Harlowtown, on the east flanks
of the COrazy Mountains. This locality is 24 miles south-

k ° T - N
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east of the locality herein reported. This indicates a
late Paleocene age for the strata. It is on the basis of
these plant fossils and the occurence of (?)Gidleyina
gidbetlinky at the base of the measured sééﬁions that the

entire sequence in the northern Orazy Mountains is correlated

with the Melville formation of the Fort Union Graup.
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Conclusions

1) It is proposed that the stratigraphic terminology
introduced by Stone and Calvert (1910) and Simpson (1937)
be adhe:ed to in this aiea. Other tefminology 1s borrowed
from separate basins in which different sources were actlve
and with different conditions 9f sedimentation. The type
localities of the Bear, Lebo and Melville are nearby for
convenient reference.

2) The age of the rocks studied 1s Late Paleocene, as
indicatéd by the fossil plants and the remains of Gidleyina
silberlingl. The lithology 1s similar to the Melvlille formation.

Therefore, the rocks studied are termed Late Paleocene,
Melville formation,

3) Oriteria for subdivision are based on the following:
clay miﬁeral content, and sandstone:shale ratios.

4) Corrosion of the quartz and feldspar appears to have
occured at two times. Some of the quartz 1s corroded and some
not., The non-corroded quartz usually has a high degree of
roundness,

5) The sources of these rocks were pre-existing rocks
which contributed much lithic material. The sources of supply
were, i# general, from the north, presumably from the Castle
Mountainsg, and the Little and Blig Belt Mountains.

6) Analysis of the clay minerals also indicated the
fpxnsraséiva denudation of Mesozolc, Paleozolc and finaly
Precambrian terrains, through uplift, erosion and supply of
the material to the Crazy Mountaln Basin to form the Fort Union.
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APPENDIX
Explanation of symbols used in graphical sections

Thickness in Feet-self explanatory

Unit Nuﬁber-sélf explanatory

Lithic Fragments-In the rocks studied red and black lithic

fragments are distinctive. 'The bars represent vertically
the thickness in which the phemomena occurs and horizontally
a visual approximation of their relative abundance. A dot
represents only a trace. This convention is used through-
out thls paper. ‘

Soluble Material-self explanatory

Value of (001) Reflection of 10 A Mate:ial-This was not

analysed for all gunits. A horizontal line represents:anu
analysls and indicates the broper value as taken from
x-ray diffractograms,

Clay Mineral Content-Clay minerals were identified from

x-ray dlffractograms obtained on a G.E. XRD-5 diffractometer
using OuK radiation at 40KV, 16 ma, TC=2, N1 filter, fast

scan,

Layer Properties-These symbols are taken from Bouma, 1962,

Sedimentology of some Flysch Deposits.

Orossbeqﬁng
Parallel lamination

Curved lamination

(IR

Channel, material within same size as without



Channel, material within finer than without
Channel, with basal conglomerate
Plant fragments oriented parallellto bedding

Plant fragments in all orientations
Nodules

o N1 ¢

Septaria

Texture-gelf eXplanatory,

Color-a dot represents a particular color:

Geeen|Grey| Bre

] —

medium grey,
A dot and a line—e—3indicates a blend of two colors:

]

Green |Geey |Brown

i

medium grey-brown,

Thin Section Analysis-The bar Tepresents a 100 percent
analysis and the symbols represent:
%

5% Quartz

l Felfspar

D Lithic Material
_ﬂm Matrix

Explanation of Figure 22

The triangular diagram represents a Pt of the sandstone
composition in four fields each having three components.

These components are rock, quartz, feldspar, and matrix; and

are represented respectively by the letters r, q, £, mnd m,



The upper triangke containg a plot of rock—feldspar-quartzt
the lower left a plot of feldspar-rock-matrix; the lower |
rlght a plot of quart-matrix-rock; and the central tri-
angle a plot of feldspar-quartz—matrix.
The various Samples are represented by the following
symbols within the triangular plots:
J=1=3

.....
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FIGURE 8. FORT UNION GROUP SECTIONS AxnmwS.O.*uv AND X-21(30TTOM)
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FIGURE 11.

FORT UNION GROUP SECTION J-1.
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FIGURE 12. FORT UNION GROUP SEVCTION J~4,‘
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FIGURE 7 = LOCATION MAP OF DATUM POINTS AND MEASURED SECTIONS
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