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STRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS
OF THE MISSISSIPPIAN ROCKS,
GARNET RANGE-BEARNOUTH AREA,
GRANITE COUNTY, WESTERN MONTANA

INTRODUCTION

The present-day Overthrust Belt of western Montana was the

depositional site for a widespread sequence of Mississippian
carbonate rocks.

During that period, western Montana was

situated on the westernmost edge of the North American craton in
an area known as the Madison shelf (Fig. 1).

It was bordered on

the northeast by the Canadian shield, and on the east by the

Transcontinental arch, a northeast-southwest-trending positive
element which extended from southern Manitoba to northern
Mexico.

The Transcontinental arch and Canadian shield were

emergent regions during most of the late Paleozoic and provided
a source for much of the clastic sediment deposited on the
platform (Gutschick and Sandberg, 1983).

To the west, the carbonate shelf was bordered by the Antler
flysch-molasse trough and the Antler highlands (Fig. 2).

The

Antler orogeny and related Ellesmerian orogeny reached a climax
along the northern and western North American continental margin
during the Late Devonian and Early Mississippian (Johnson,
1971).

In western Montana, an interval of continental stability in
earliest Mississippian time was followed by renewed Antler
foreland movements during the late Kinderhookian.

During this
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second Antler phase, foreland trough, foreslope, and cratonic
platform Lower Mississippian to lower Upper Mississippian
carbonate rocks were deposited during a major eustatic rise in
sea level.

This transgression resulted in a major onlap of the

North American craton and is represented in the western United
States by the basal bed of the Paine Member of the Lodgepole
Limestone and its correlatives.

During middle Osagean time, the carbonate platform
prograded into the Antler trough from the east as sea level once
again rose after a six million year stilistand.

The Antler

trough was fed by sediments from the Antler highlands on the
west and from the carbonate platform on the east.

The closing

event of the Mississippian eustatic cycles was a major
regression that began in the middle Meramecian and resulted in
the transformation of the Madison carbonate platform into a
broad karst plain.

Stream systems transported fine clastic

sediments across the karst plain into the Antler foreland trough
to the west, but the basin filling was not uniform and was
dominated by eastern-derived sediments in its northern part
(Sandberg et al., 1982).

Sinkholes and crevice fillings on the

karstified carbonate platform in Montana and Wyoming are filled
by fluviatile deposits of the Kibbey Sandstone and Darwin
Sandstone Member of the Amsden Formation, respectively (Sando,
1974).

During the Mississippian, the Garnet Range-Bearmouth area
of western Montana (Fig. 3) occupied a transitional position,
on the shelf-slope break.

This region presently contains the
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westernmost Mississippian outcrops known in the Overthrust Belt,
and thus provides critical data concerning the regional
Mississippian paleogeographic model.
Stratigraphic units in this area have been interpreted on a
regional basis in the general terms of transgressive or
regressive seas or subaerial exposure.

Reconnaissance in the

summer of 1985 by W. J. Sando and W. J. Perry (United
States Geological Survey) in the Bearmouth area, however,
indicated a need for a revision of the Mississippian
stratigraphy (Sando, 1985, personal communication).

Two

traverses in the area revealed a sequence with a lower part
similar to that of the Tendoy Group to the south, and an upper

part showing the karst event that characterizes the Madison
Group in western Montana.

Thus, a better understanding of the

stratigraphic relationships of the Mississippian depositional
sequences in the Bearmouth area would help to refine the
regional Mississippian paleogeographic model.

RESULTS

In light of this situation, I chose to study the

Mississippian outcrops in the Garnet Range-Bearmouth area in
order to establish the stratigraphy and paleogeography in this
part of western Montana. The principal results of this study
are:

(1) a reconnaissance geologic map of the Packer Gulch and

Rattler Gulch (Plate I) areas showing rock units and structure;
(2) measured and described stratigraphic sections resulting in a

composite Mississippian section (Plate 2); (3) sections sampled
in detail for sedimentary petrology and biostratigraphic

control; (4) reconstruction of the depositional environments for
the formations; (5) a sedimentational model for the sequence;
and (6) the fitting of the project area into the regional
Mississippian paleogeographic model.

LOCATION AND ACCESSIBILITY

The Garnet Range-Bearmouth area which was reconnoitered is
located in the northwestern part of the Garnet Range between
longitudes ll30lO
and 47000

I

and 113°40' west and between latitudes 46°40'

north in western Montana (Figure 3).

It includes

parts of the Butte, Montana, 10 X 20 quadrangle, specifically,
sec. 3, T. 11 N., R. 14 W., and sec. 9, T. 11 N., R. 13 W.

The

major area of reconnaissance encompasses approximately 70 square
miles and incorporates parts of two U. S. Geological Survey 15

minute quadrangles (Bearmouth and Drummond) and parts of three
7.5 minute quadrangles (Union Peak, Elevation Mountain, and Wild
Horse Parks).

Most of the area studied lies within northern

Granite County, with a small part in western Powell County.
The town of Drumiuond lies two miles southeast of the study area,

Missoula about twenty miles northwest, and Butte sixty miles
southeast.

Access into the Garnet Range-Bearmouth area is possible
along several good gravel and dirt logging roads which penetrate
Rattler Gulch, Mulkey Gulch, and Packer Gulch.

U. S. Interstate
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Highway 90 traverses the southern part of the region.

These

roads are generally well maintained throughout the summer months

and can be travelled during and after inclement weather in
two-wheel drive vehicles.

Although access to Rattler Gulch and

Mulkey Gulch is unrestricted, permission is required from
Mr. Mel Palm

(Missoula, Montana) to enter Packer Gulch.

INVESTIG.AflVE METHODS

The thesis fieldwork was accomplished during the
eleven-week interval from June 15 to August 31, 1986.
Reconnaissance mapping was conducted in Rattler Gulch, Packer
Gulch, and Mulkey Gulch to describe the Mississippian rock units
and structure.

The geology was recorded on U.S.G.S. 15 minute

topographic maps (Druinmond and Bearmouth, Montana,
quadrangles).

Based on this preliminary mapping, Rattler

Gulch (Fig. 4) was selected as the location with the most
complete and best exposed Mississippian section.

Reverse

faulting and folding in the Bearmouth area made measurements of
the Mississippian sequence difficult, but I was able to piece
together a composite Mississippian section from three
stratigraphic sections measured in Rattler Gulch.

The location

of each measured section (Plate 1) was determined using both
United States Department of Interior air photographs and
U.S.G.S. 15 minute topographic maps.
In the field, bedding attitudes were measured using a
Brunton compass, and individual field stations were recorded

9

Figure 4. View of Mission Canyon Limestone ridges in Rattler
Gulch. Photo taken from the mouth of Rattler Gulch looking
to the north; red Kibbey Sandstone outcrop in left
foreground.
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daily in a notebook.

Pertinent structural data and formation

contacts were transferred onto U.S. Geological Survey 15 minute
topographic maps having a scale of 1:62,500.

Thicknesses of section units and beds were measured in feet
and tenths of feet.

Because of the dominantly vertical attitude

of the rock units in Rattler Gulch, stratigraphic thicknesses

were recorded directly from measurements made perpendicular to
the strike with a 30-foot steel tape held horizontally.

Positions of fossil collections are recorded for each section
unit in the descriptions of the units (Appendix A) and on a
composite graphic section (Plate 2).
The descriptions of rock units in measured sections are

made from combined observations of outcrops in the field and
microscopic examination of thin sections used in sedimentary
petrology studies.

In the field, principal carbonate rock

designations (limestone, doloinitic limestone, and dolomite) are

based on the amount of effervescence of the rock when a fresh
surface is treated with 1 N hydrochloric acid.

Rock colors on

fresh and weathered surfaces were determined by comparison with
a Geological Society of America Rock-Color Chart (Goddard et
al., 1970).

Fresh rock surfaces, wetted with acid and observed with a

hand lens, were compared with a Wentworth grain-size chart in
order to describe rock textures.

Stratification terminology

used in this thesis follows McKee and Weir's (1953)
classification.

The sandstones are classified according to

Williams, Turner, and Gilbert (1954), while the carbonate
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lithologies are described using Folk's (1962) classification.
A total of 198 rock samples were collected in the field for
lithological and/or paleontological analysis; 172 samples were
then selected for thin section analysis to aid in identifying
the various fossil fragments and to assign rock names to the
samples.

To distinguish dolomite from calcite, all of the thin

sections were stained with "Alizarin Red S."

Because

biostratigraphic control is critical for the analysis, William
3. Sando and his colleagues processed and identified fossil
samples and provided age and environmental interpretation of
this material.

A total of 30 coral samples were identifed and

zoned by W. 3. Sando of the U.S.G.S. in Washington D. C., 64
conodont samples by B. R. Wardlaw and R. Stamm of the

U.S.G.S. in Denver, Colorado, and 14 foraminifera samples by
B. L. Mamet of the University of Montreal.

PREVIOUS WORK

The first systematic geologic work in northwestern Montana

was conducted in 1883 by William M. Davis and Waldemar Lindgren
for the Northern Transcontinental Survey (Davis, 1886).

Most of

the previous knowledge of western Montana, however, has been
attained through the work of members of the United States
Geological Survey.

The Garnet Range-Bearmouth region was

included in the guidebook for the Northern Pacific route
(Campbell, 1915).

Campbell described a region near Drummond

where the rocks were "thrown into great folds which carry the
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limestone and quartzite beds of the Carboniferous and Devonian
high into the mountain tops" (Campbell, 1915, p. 129).

He also

presented a preliminary geologic map and cross-section of the
area.

Pardee (1918) studied the ore deposits of the

northwestern part of the Garnet Range and published the first
comprehensive geologic map of the region.

He described a

partial section of rocks in the Garnet Range which included the
Mississippian Madison Limestone.

Clapp's (1932) geologic map of

northwestern Montana also included this area.
Several individuals have mapped areas adjacent to the
Garnet Range-Bearmouth region.

Emmons and Calkins (1913) mapped

the Phillipsburg quadrangle to the south.

More recently,

doctoral studies have been completed by Poulter (1958) on the

Georgetown thrust area, by McGill (1959) on the northwest flank
of the Flint Creek Range, by Gwinn (1961) on the Drummond area,

and by Mutch (1961) on the northeast flank of the Flint Creek
Range.

Kauffman (1963) presented an excellent description of the
stratigraphy and structure of the Garnet Range-Bearmouth area.

Kauffman concluded that the Mississippian System of the area
comprises the Madison Group, a thick limestone unit, and the
basal part of the Amsden Formation, a thin siltstone unit.

He

differentiated the Madison Group into a lower thin-bedded
limestone and shaly limestone sequence called the Lodgepole
Formation, and an upper massive, cliff-forming limestone unit
called the Mission Canyon Formation.

Kauffman described the

lithology and structure of the Mississippian rocks and
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constructed a geologic map of the area.

He inferred that the

Madison Formation was deposited in a marine environment which
approached reef conditions, and that the Amsden Formation was
deposited in a nearshore transgressive sea.

McMannis (1965) presented a good summary of the
depositional and structural history of western Montana.
Sandberg et al. (1982) produced an excellent study of the

Mississippian geologic history of the Overthrust Belt of the
western United States.

New stratigraphic nomenclature has recently been adopted by
the U. S. Geological Survey for Mississippian strata in western
Montana (Sando et al., 1985).

The rocks previously assigned to

the Madison Group, Big Snowy Group, and Amsden Formation, are
now referred to as the Tendoy Group (new name) and the Snowcrest
Range Group (new flame) (Fig. 5).

The Tendoy Group comprises,

in ascending order, the Paine Limestone, Middle Canyon

Formation, Mission Canyon Limestone, and McKenzie Canyon
Limestone (new name).

The Tendoy Group represents a newly

recognized facies belt near the craton margin.

The overlying

Mississippian Saowcrest Range Group comprises the Kibbey
Sandstone, the Lombard Limestone (new name), and the Conover
Ranch Formation (new name).
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(Sando et al., 1985).
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STRATIGRAPHIC INTERPRETATIONS

In this chapter, lithologic descriptions, ages, and
environmental interpretations are presented for each of the
stratigraphic units recognized in the thesis area.

These

stratigraphic units are, in ascending order, the Paine
Limestone, Middle Canyon Formation, Mission Canyon Limestone,
McKenzie Canyon Limestone, Kibbey Sandstone, Lombard Limestone,
and the lower part of the Quadrant Sandstone.

PAINE LIMESTONE

INTRODUCT ION

Peale (1893) originally proposed the name Madison Formation
for carbonate rocks of early Carboniferous age underlain by the

Three Forks Formation (Devonian) and overlain by the Quadrant
Formation (Pennsylvanian) in the Three Forks area of southwest
Montana.

The name Madison was derived either from the Madison

Range (Hague et al., 1896), or the Madison River (Sloss and

Hamblin, 1942), which joins with the Gallatin and Jefferson
Rivers to form the Missouri at Three Forks.
The Paine Limestone was originally described by Weed (1899)
as a subdivision, "Paine shale", of the Madison Limestone in the
Little Belt Mountains, Montana.

Weed divided the Madison

Limestone into, in ascending order, the Paine shale, Woodhurst
limestone, and Castle limestone.

The names were probably
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derived from Paine Gulch, the mining camp of Woodhurst or

Woodhurst Mountain in the Little Belt Mountains, and the town of
Castle in the Castle Mountains, respectively.

Collier and

Cathcart (1922) raised the Madison Formation to the rank of a
group and divided it into the Lodgepole Limestone for the
lower part and the Mission Canyon Limestone for the upper part.
Both of these formation names were derived from canyons in the
northern part of the Little Rocky Mountains, Montana.

Sloss and

Hamblin (1942) also recognized the Madison as a group divided
into the Lodgepole Limestone and the Mission Canyon Limestone,
but retained Weed's Paine and Woodhurst units as members of the
Lodgepole Limestone.

The basal Paine Member of the Lodgepole

Limestone is widespread and is recognized throughout parts of
Montana, Wyoming, Idaho, and Utah.

The type section of the

Madison Group has been described by Sando and Dutro (1974) at a
locality immediately north of the town of Logan, Gallatin
County, Montana.

In the northern Tendoy Mountains, southwest Montana, the
Paine Limestone is designated as the basal formation of the
Tendoy Group (Fig. 5). The Paine Limestone has the essential
lithologic characteristics and contacts of the Paine Member of
the Lodgepole Limestone elsewhere in Montana.

The Paine

Limestone consists of 748 feet (228 m) of thin-bedded, dark
gray, silty micrite and rare crinoidal micrite, with conspicuous
shaly partings and rare chert and horn corals.

The formation is

regarded as Early Mississippian (Kinderhookian and Osagean) in
the northern Tendoy Mountains, mainly on the basis of

17

conodonts.

The Paine Limestone is generally interpreted as a
deep-water basinal carbonate deposit.

The term "deep water" is

used herein for environments inferred to have been in clear
tropical sea water below a depth of 100 meters, the effective
lower limit of the euphocic zone (Sando, 1980b; Schlager, 1981).

The presence of a covered interval (unit 3) between the
Paine Limestone and the overlying Middle Canyon Formation makes
it impossible to determine the true thickness of the Paine at
Rattler Gulch.

Nevertheless, the Paine Limestone is

considerably thinner in the thesis area than anywhere else where
it has been described.

Although the presence of a fault in unit

3 is likely, the distribution of the fossils and rocks in this
part of the section do not require a fault interpretation.

LITHOLOGY

In the thesis area, the Paine Limestone consists of 32 feet

of finely laminated to medium-bedded, medium dark gray, silty
micrite and rare crinoidal micrite with very rare (less than one
percent) chert nodules.
also are present.

Scattered shaly partings and stylolites

The Paine Limestone outcrop weathers medium

light gray and forms a prominent ridge bounded by reverse
faults.

Since the Paine Limestone is an incompetent unit and is

much thinner in the thesis area than in other Mississippian
sections in Montana, it is probable that most of the formation
has been faulted out of the section.
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Petrographic analysis of the micrite reveals a neomorphic
fabric resulting from the recrystallization of micrite to
microspar and pseudospar.

The entire unit exhibits

stylolitization with insoluble minerals (probably clays and iron
minerals) concentrated along the solution interfaces.

Irregular

spar-filled voids and calcite veins are locally abundant, and
intercrystalline porosity averages five percent throughout the
formation.

Rare echinoid and ostracod fragments are the only

bioclasts observed in thin section.
The presence of an intrapeisparite (sample PS206) at the
top of the formation, similar to sample PS207, suggests an
alternative interpretation for unit 2.

Since a large fracture

is present three feet beneath the top of unit 2, and sample
PS207 of unit 3 was dated as Mission Canyon age, it is possible
that the top three feet of unit 2 and the covered interval of
unit 3 compose a thrust slice of Mission Canyon Limestone
(Plate 2).

The basal 29 feet of unit 2 are considered to be

part of the Paine Limestone based on lithologic characteristics
and similarity to the Paine Limestone of southwest Montana
(Sando, 1986, personal communication).

FOSSILS AND AGE

Biozonation of the Rattler Gulch section, including
composite biozones, follows Sando's (1985) integration of
biozones based on foraminifers, conodonts, and corals in the
Mississippian of the western interior region (Fig. 6).

The
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resulting composite biozonation, consisting of 27 zones,
provides a more precise biostratigraphic capability than do any
of the biozonations based on a single fossil group.
The coral biozones are those of Sando and Bamber (1985),
and the foraminifer biozones are based on the zonation of Mamet
and Skipp (1971).

These foraminifer and coral zonal schemes

have been widely used by North American paleontologists for
time-stratigraphic correlations in Mississippian time.

However,

a major disagreement among paleontologists centers on the
placement of the Tournaisian-Visean boundary in the Mississippi
Valley section (Brenckle et al., 1974).

In the Mamet scheme,

the boundary is placed at the base of the Meramecian, whereas
Collinson and others (1971) placed it at the base of the
Osagean.

Brenckle and his colleagues stated that "certain

Visean microfossils reported to be no older than Neraniecian in

the Mamet zonal scheme actually occur in the upper Osagean"
(Brenckle et al,, 1974, p. 433).

Thus, they would place the

Tournaisian-Visean boundary within the Osagean (Brenckle et al.,
1974; Brenckle and Groves, 1986).

However, Sandberg and

Gutschick stated that, despite Brenckle's arguments of
discrepancies between age determinations based on foraminiferal
and conodont zonal schemes in the Upper Mississippi Valley,
"Mamet's determinations in the Rocky Mountain and Great Basin
regions have been in complete accord with the conodont zonation"
(Sandberg and Gutschick, 1980, p. 132).

In as much as the majority of studies of Mississippian
rock sequences of the western interior region utilize the Mamet

21

foraminiferal zonal scheme, it has been incorporated into this
study to facilitate correlations.

The series boundaries are

best defined in the Rattler Gulch section, however, by the
detailed conodont determinations.

Although considerable

disagreement exists at present over placement of the
Kinderhookian-Osagean and Osagean-Meramecian series boundaries,
correlations dated in terms of the conodont zones will not be
affected (Sandberg et al., 1982).

The Mississippian conodont zones to the top of the
Gnathodus texanus Zone are worldwide-standard first-occurrence
zones used by C. A. Sandberg, with succeeding conodont zones
consisting of unpublished assemblage zones used by
B. R. Wardlaw.

The standard Late Devonian conodont zonation

between the base of the velifer Zone and the earliest
Carboniferous Siphonodella sulcata Zone (shown on Fig. 6) has
been revised and is no longer in use (see Ziegler and Sandberg,
1984, for revised zonation).

Conodonts are phosphatic marine

microfossils (generally 0.1 to 1 mm in size) of Cambrian through
Triassic age.

The toothlike conodont elements are considered to

be the minute skeletal components of an extinct group of mostly
pelagic marine invertebrates, the Conodonta, which were
abundant, diverse, and widely distributed in Paleozoic and
Triassic seas (Sweet et al., 1981).

Although the function of

conodonts remains equivocal, a unique specimen from the Lower
Carboniferous of Scotland described by Briggs and others (1983)
provides the most compelling evidence yet discovered for the
nature of the conodont animal.

The body of the specimen is
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elongate (40.5 mm long) and wormlike, and the skeletonized
structures occur near the anterior end.

Repeated structures

which may represent segments are evident in the posterior part
of the trunk, which bears ray-supported posterior and caudal
fins.

Briggs and others interpreted the conodont elements as

teeth.

The teeth were part of an integrated functional system

with the anterior ramiform elements for grasping prey which was
processed by the posterior elements.

Conodonts are made up

largely of a carbonate-rich apatite and contain trace amounts of
organic matter that colors them (Rejebian et al., 1987).
In the past 25 years, intensive studies have shown conodonts
to be among the foremost biostratigraphic indices throughout

most of their geologic range and important delineators of often
subtle biofacies. They have contributed importantly to outlining
paleogeography and depositional environments, and they are the
principal means of dating rocks in many places in the world,
including some parts of western Montana (Sweet et al., 1981).
The only fossils recovered from the Paine Limestone in the
thesis area are conodonts (Appendix C) which are of
Mississippian age and are undiagnostic for zonation.

In the

Tendoy Range, the Paine Limestone contains conodonts of the
Lower Siphonodella crenulata Zone, the succeeding Siphonodella
isosticha-Upper S. crenulata Zone, and the lower part of the
Gnathodus typicus Zone.

At Rattler Gulch, the upper two of

these three zones is represented in the overlying Middle Canyon
Formation, which in the Tendoy Range is exclusively Gnathodus
typicus Zone (Sando et al., 1985).

This suggests that the Paine
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Limestone at Rattler Gulch occupies a more restricted zonal
interval than in the Tendoy Range and is probably not as thick.

DEPOSITIONAL ENVIRONMENT

The Paine Limestone is interpreted to be a deep-water
basinal carbonate deposit based on:

(1) the dark color of the

rocks (from unoxidized organic material); (2) dominance of
carbonate mud (micrite); (3) presence of fine laminations; (4)
predominantly thin and medium beds; (5) presence of shaly
partings; (6) pronounced lack of shallow-water depositional
features; (7) lack of diverse, shelly, shelf fauna; (8) inferred
stratigraphic position beneath carbonate slope deposits; and (9)
similarities with and correlations to other known deep-water
basinal carbonates.

The depositional environment was

characterized by deep (100 meters or greater), disphotic,
aerobic, poorly circulating waters in a basin adjacent to a
shallow-water shelf.

The probable source of the carbonate mud was precipitation
and sedimentation from the overlying water column.

The micrite

formed by chemical precipitation of calcite or aragonite from
solution by inorganic processes and/or the secretion of
aragonitic needles within organic tissues of certain types of
algae.

The ostracod and echinoid fragments were probably

transported into the basin from adjacent slope and shelf

environments by storm and tidal currents or by sediment gravity
flows.

The ostracods, however, may have been indigenous
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to the depostional site as these animals were commonly able to
withstand slightly dysaerobic conditions.

Planar,

millimeter-thick laminations are not common in the Paine, but
their occurrence in a few places indicates periodic anaerobic
conditions in the depositional environment.

These intervals are

typically only a few inches thick and may reflect seasonal
and/or episodic vertical stratification of the water column.

Periodic introduction of terrigenous material is indicated by
the scattered shaly partings in the micrite.

Most of the

detritus is silt sized and may have been wind-blown from the
shoreline or transported in suspension in seaward-directed tidal
and/or storm currents.

MIDDLE CANYON FORMATION

INTRODUCTION

The Middle Canyon Formation was originally described and
named by Huh (1967) after its type section at the mouth of
Middle Canyon in the southern Lemhi Range, Idaho.

Exposures at

that locality include the overlying Scott Peak Formation and the
underlying McGowan Creek Formation (previously designated as the
Milligen Formation) (Sandberg, 1975).

The Middle Canyon

Formation of south-central Idaho north of the Snake River Plain
comprises two lithologies:

a thin-bedded, dark gray,

chert-bearing (10-50%), fine-grained limestone, and a light
brown, calcareous, quartz siltstone to fine sandstone.

The dark
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gray limestone predominates in the region, and contains masses
of siliceous sponge spicules which form many of the chert
layers and nodules.

Specimens of the horn coral genus

Ekvasophyllum have been positively identified from the Middle
Canyon in the southern Beaverhead Range, Idaho, along with
scattered crinoid and bryozoan debris.

The Middle Canyon

Formation throughout south-central Idaho is about 1000 feet
thick, is interpreted as a deep-water foreslope facies, and
ranges in age from Early Mississippian (Osagean) to Late
Mississippian (Meramecian), mainly on the basis of conodonts
(Sando et al., 1985).

In the northern Tendoy Mountains, southwest Montana, Sando
et al. (1985) recognized the Middle Canyon Formation conformably
overlying the Paine Limestone and underlying the Mission Canyon
Limestone.

There, Middle Canyon beds consist of 873 feet (266

m) of predominantly dark gray, thin-bedded, silty, very cherty,

mostly recrystallized micrite and minor debris flows of
encrinite and crinoidal wackestone, similar to beds assigned to
the formation in south-central Idaho.

The Middle Canyon

Formation is entirely Osagean in age in the northern Tendoy
Mountains, mainly on the basis of corals and conodonts.
The Middle Canyon Formation is well exposed in the thesis
area, commonly forming resistant ridges and palisades (Fig. 7).
The vertical to slightly overturned Middle Canyon beds lie
upsection of the Paine Limestone and consist of 875 feet of
predominantly dark gray, thin-bedded, very cherty micrite and
light gray crinoidal packed biomicrite.

Three informal members
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Figure 7. View of vertically dipping ridge of Middle Canyon
Formation. Photo taken on the west side of Rattler Gulch
looking to the west. Note the regular interbedding of
limestone and ribbony chert. Jacob's staff (five feet long)
for scale.
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are recognized in the thesis area:

a lower member 319 feet

thick (units 3-16) distinguished by thin-bedded micrite to
sparse biomicrite interbedded with chert nodules, ribbons, and

beds; a middle member 365 feet thick (units 17-37) characterized
by light gray, medium- to thick-bedded packed biomicrite; and an
upper member 190 feet thick (units 38-53) containing a variety
of lithologies, including sorted and unsorted biosparite,
biotnicrite, and karst breccia.

The Middle Canyon-Mission Canyon contact is conformable and
gradational over several tens of feet.

The Middle Canyon-Paine

contact is a reverse fault with an uncertain amount of Middle
Canyon Formation missing.

Only a minor amount of Middle Canyon

section, however, is thought to have been removed from the
covered basal part of the Middle Canyon Formation.

The total

Middle Canyon thickness of 875 feet in the thesis area compares

closely with the measured Middle Canyon thickness of 873 feet in
the Tendoy Range in southwest Montana (Sando et al., 1985).
Since the thesis area lies on depositional strike with the
Tendoy Range, it is reasonable to conclude that the Middle
Canyon Formation thicknesses for the two regions should be
similar.

Thus, the Middle Canyon thickness in the thesis area

is interpreted as a minimum value, but close to the original
value.
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LITHOLOGY

Lower Member - Micrite Lithofacies

The lower member consists of 319 feet of thin- to

medium-bedded, laterally continuous, cherty micrites and
biomicrites.

The basal micrite beds are essentially barren of

bioclastic debris and grade upward into the common fossiliferous
micrites and sparse biomicrites.

The beds form prominent to

subdued ridges, contain planar to slightly undulatory bedding
contacts, and exhibit strong thinly laminated to flaggy
parting.

Chert nodules, ribbons, and beds (up to five inches thick)
are common, comprising approximately 20% of the member.

The

dark gray to black chert nodules vary from irregular to
elliptical, but most are oval, averaging dimensions of three
inches by five inches.

Ribbony chert beds, commonly aligned

parallel to the bedding, are the most common and average two
inches in thickness.

The limestones are characteristically dark, ranging in
color from medium gray to dark gray on a fresh surface.

The

weathered surfaces are all medium gray or medium light gray.
In the field, medium- to very coarse-grained scattered crinoid
debris ranges in abundance from very little to 40 percent.

It

is commonly concentrated in hashy bioclastic layers along with
fragmented brachiopod shells.

Petrographic study of the micritic limestones reveals that
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the barren appearance of the micrites is a result of the fine
size of the allochemical constituents.

The bulk of this

lithofacies is characterized by fossiliferous micrites and
sparse biomicrites, typically rich in calcareous (cf.p. 32)
sponge spicules, ostracods, and echinoderm fragments.
Straight to broadly curved sponge spicules (monactines,
diactines, and less commonly triactines) and ostracods dominate
the biotic fraction throughout most of the lithofacies (Fig. 8),
but echinoderin fragments increase in abundance upsection.

Typically subordinate, but locally significant fossils also
include unwalled calcispheres (probably of non-algal origin;
e.g., alteration of radiolarians), brachiopods, bryozoans,
corals, gastropods, pelecypods, and cephalopods.

Phosphatic

skeletal fragments and disseminated pyrite also occur.
Bioclasts increase in abundance upsection, ranging from
three to 50 percent of the total rock constituents, while
averaging approximately 30 percent.

The size of the bioclasts

also increases upsection, ranging from fine silt to fragmented
cephalopod chambers 10 mm in length (Fig. 9), although the
majority do not exceed very fine sand.

Although most of

the bioclasts are disarticulated or broken, whole specimens are
commonly present.

Evidence of abrasion is lacking, indicating

the bioclasts were not transported far, were transported in
suspension, or developed in Situ with minor reworking.
Angular quartz silt is present in most of the limestone
beds, although seldom in proportions exceeding one percent.

Micrite is the chief matrix element, but neomorphism has largely
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Figure 8. Photomicrograph of sponge spicules in micrite. Most of
these spicules are monaxons and show characteristic spicule
shape.
All were originally opaline silica; now they are all
calcite.
Sample PS224, unit 16, lower member, Middle Canyon
Formation.
Magnification 4X, uncrossed nichols, field of
view (FOV) = 3.3 mm.
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Figure 9.
Geopetal sediment infilling of cephalopod chamber. Mud
(micrite) fills the lower part of the cavity while quartz
(clear) fills the upper part - the contact indicates an
approximately level surface at the time of deposition.
Sample PS223, unit 15, lower member, Middle Canyon
Formation.
Magnification 2X, uncrossed nichols, FOV = 6.7
mm.
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recrystallized the micrite to microspar (<30 microns) and less
commonly to pseudospar ('30 microns).

Dark, organic-rich clots

and threads anastomose throughout the micritic matrix, imparting
the dark color observed in these rocks.

Sparry calcite is rare,

usually found as a void filling inside bioclasts.
In thin section, calcareous sponge spicules and whole to
disarticulated ostracods are found throughout the fossiliferous
micrites and sparse biomicrites.
less common.

Siliceous sponge spicules are

The central canals of the sponge spicules have

often been replaced by clay or sparry calcite.

Most of the

calcareous iuonactines probably reflect primary diagenetic

replacement of siliceous sponge spicules by mosaic,
low-magnesium calcite, while the siliceous monaxons may be the
result of secondary diagenesis of originally opaline sponge
spicules initially altered to calcite (Byrne, 1986).

The

majority of sponge spicules were probably originally composed of
opaline silica (based on the abundance of chert present in the
formation) of the form known as opal-A.

As the spicules were

buried and subjected to increasing heat and pressure, the

unstable opal-A underwent relatively rapid and complete
transformation.

The transformation of opal-A is generally a

two-step process.

First, the siliceous spicules were altered to

porcellanite composed primarily of opal-CT (commonly termed
cristobalite).

Then, opal-CT-bearing porcellanite was converted

to a chert containing mainly microquartz and chalcedony.

The

chert is found mainly as pore-filling microquartz and as
vein-filling megaquartz.

Although temperature and pressure are
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the major controls on the rates of both of these
solution-reprecipitation processes, organic coatings, presence
of clay minerals, and solution chemistry can retard or
accelerate the reactions.

This progressive diagenesis is also

accompanied by a depth-related porosity loss (Scholle et al.,
1983).

The originally aragonitic mollusk shells also have been

commonly replaced by silica.

The echinoderm, bryozoan, and

brachiopod fragments, being originally composed of the more
stable calcite, generally maintained their calcitic
Composition.

The chert pervasively replaces both the matrix and the
clasts of the lower member.

It is concentrated in chert beds

and very fine laminations 0.2 to 0.5 mm thick.

The chert-rich

layers could represent cyclical periods of upwelling which
enriched the environment with respect to silica, or the original

highly soluble opal could have been remobilized into certain
zones where it crystallized into chert.

Laminations in the

lower member are rare, however, and are only observed in the
basal quarter of the member.

Most of the member is homogeneous

with isolated mottled areas indicative of bioturbation.
Porosity in the lower member is low because of the
infilling of voids by micrite and diagenetic cements.

Rare

intraparticle porosity occurs within large chambered bioclasts
(e.g., gastropods and cephalopods).

Some of the sparse

biomicrites probably possessed high original porosities.

Extensive original interparticle porosity between crinoid
ossicles was later infilled by fibrous chalcedony.

The final
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diagenetic phase involved the crystallization of subhedral to
dominantly euhedral dolomite rhombs into the matrix and
bioclasts.

Middle Member - Packed Biomicrite Lithofacies

The middle member consists of 365 feet of medium- to
thick-bedded, laterally continuous, packed biomicrites.

The

beds form subdued ridges and gentle slopes, exhibit generally
planar bedding contacts, and show rare normal grading of crinoid
bioclasts.

Ribbony chert beds are commonly interbedded with the

packed biomicrites.

The chert composes about 20 percent of the

member, although individual units range from 0-60 percent chert.
The characteristic light color of the packed biomicrites
sharply contrasts with the underlying dark gray micrites.

The

generally light gray packed biomicrites range in color from
medium light gray to very light gray on a fresh surface.

The

weathered surfaces are commonly medium light gray but range from
medium gray to very light gray.

The packed biomicrites are

medium- to very coarse-grained, with some crinoid ossicles
reaching 8 mm in diameter (pebble size).

The bioclasts are

dominantly echinoderm fragments supported in a micrite matrix,
and they compose approximately 70 percent of the total rock
constituents.

Rare micrite beds are found in the member, but

the more abundant covered intervals could represent less
resistant micritic intervals.

In thin section, the micrite matrix has largely
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recrystallized to microspar and pseudospar.

Very fine- to

coarse-grained, subhedral to commonly euhedral dolomite rhombs

have pervasively replaced both the dark lime mud matrix and the
bioclasts, composing up to 40 percent of the limestone
(Fig. 10).

Dolomitization of both the matrix and the clasts

occurred after deposition.

Minor porosity in the dolomitized

muddy matrix is mainly solution fracture, while the clasts
display rare intercrystalline and fracture porosity.
Chert has replaced some of the bioclasts and matrix, but is
not as common a constituent as in the lower member.

Authigenic

quartz with characteristic pyramidal crystal terminations is
also present (less than one percent).

Fine anastomosing threads

of organic matter are commonly roughly aligned with bedding as
are fragmented brachiopod shells.

Fossil material consists

predominantly of echinoderm fragments mixed with sparse
scattered brachiopod and ostracod bioclasts.

The middle member

appears to have a low faunal diversity as compared with the
lower member since sponge spicules, gastropods, corals,
pelecypods, bryozoans, and cephalopods are not evident in the
middle member.

Upper Member - Biosparite Lithofacies

The upper member consists of 190 feet of sorted and

unsorted biosparite with subordinate sparse biomicrite, packed
biomicrite, and fossiliferous micrite.

A two-feet thick bed of

hematite-stained karst breccia is also included in this member.
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Figure 10.
Photomicrograph of large crinoid ossicle showing
characteristic circular shape and central canal. The calcite
ossicle (stained pink) is being replaced by dolomite rhojabs
(unstained) which have replaced the original matrix. Sample
PS230, unit 21, middle member, Middle Canyon Formation.
Magnification 2X, uncrossed nichols, FOV = 6.7 mm.
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The poorly defined beds of the upper member range in thickness
from 0.1 to 1.5 feet, but the units are dominantly medium
bedded.

Weathering and fracturing of the generally planar beds
The

has produced a common thickly laminated to slabby parting.
rocks are usually medium gray, but range in color from light
gray to grayish black on a fresh surface.

The weathered

surfaces are commonly light olive gray, although several of the
units weather to a light gray and medium light gray.
The cherty upper part of this member forms very prominent

Most of

ridges that are traceable along strike for over a mile.

the member, however, is poorly exposed and forms subdued ridges
and covered slopes.

Chert is present in most of the units and

ranges from 30 to 80 percent of the total rock constituents.
The light gray to black chert forms blebs, stringers, nodules,
and ribbony beds up to 1.5 feet thick.

The chert also appears

to have extensively replaced some of the carbonate units,
resulting in an intricate interwoven texture of chert and
limestone.

In the field, fine- to very coarse-grained scattered

crinoid debris ranges in abundance from 5 to 40 percent.

Whole

brachiopod shells are abundant in the upper member with some
reaching two inches in width.

Petrographic analysis reveals that the member is
characterized by a blending of lithologies, including poorly

washed biosparite, unsorted biosparite, spiculerich biomicrite,
and packed biomicrite.

These rocks are extensively replaced by

chert which appears in the limestones as beds, nodules, patches,
and complete replacement of the original carbonate rock.

Fine-
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to coarsegrained, subhedral to euhedral, authigenic quartz
composes approximately five percent of the total rock
constituents.

Bioclasts generally compose 10 to 20 percent of the

biosparites, although they are more abundant in the packed
biomicrites.

Echinoderm fragments (mainly crinoid plates and

ossicles) dominate the fauna, but fenestrate bryozoan fragments,
brachiopod shells and spines, and pelecypods are also common.
The brachiopod shells, bryozoan fragments, and pelecypod shells
are often aligned subparallel to bedding, although most of the
bioclasts are randomly oriented and distributed.

Sponge

spicules are abundant in the chert and in the micrites near the
top of the upper member.

The extensive chert replacement in the

upper member was probably derived from the dissolution of
originally opaline sponge spicules.

The dissolved silica later

replaced the carbonate as it crystallized into chert.

The chert

replaces both the matrix and the bioclasts, although the
echinoderm fragments normally retain their original calcitic
composition.

FOSSILS AND AGE

The Middle Canyon Formation of the thesis area contains
productoid and spiriferoid brachiopods, solitary rugose corals,
foraminifera, conodonts, echinoderms, mollusks, bryozoans,
calcispheres, ostracods, and sponge spicules.

Only the corals,

foraminifers, and conodonts were utilized in this thesis for age
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dating purposes.

Megafaunal (coral and brachiopod) lists for

the section units are provided in Appendix B, conodont faunal
lists in Appendix C, and foraminiferal faunal lists in Appendix
D.

The corresponding fossil zonations for the Rattler Gulch

section units are plotted on Plate 2.

The corals identified from the Middle Canyon Formation are
all small, simple, nondissepimented solitary rugose corals
(Lophophylluni? sp., Cyathaxonia sp., and Rotiphyllum sp.).

Cyathaxonia and Rotiphyllum are predominantly deep-water corals

indicative of a basinal carbonate fades (Sando, l980b).

These

corals are commonly associated with deep, disphotic, dysaerobic,
poorly circulating waters in basins adjacent to shallow-water
shelves.

Although Lophophyllum is predominantly a shallow-water

coral, it is commonly found in both deep- and shallow-water
biofacies in the western United States.

Fossil samples F25 and

F25A (unit 8) contain corals of Sando's coral zone I of
Kinderhookian age (Sando and Bamber, 1985).

All of the

remaining overlying Middle Canyon coral samples are assigned to
Sando's coral zone IIB of Osagean age.

Three colonies of the

tabulate coral Syringopora (R. Schneider, field identification)

were tentatively identified in unit 13 of the Middle Canyon
Formation (Fig. 11).

Although Syringopora is predominantly a

shallow-water coral, it also has been identified in deep-water

carbonate fades (Sando, 1980b).
The Middle Canyon Formation contains conodonts of the
Siphonodella isosticha-Upper S. crenulata Zone and the Gnathodus
typicus Zone.

Conodont sample C4l of unit 12 contains the last
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Figure 11. Photograph of chertified Syringopora colony situated
on the upsection edge of unit 13 (Middle Canyon Formation).
The colony is in life position and is surrounded by solitary
corals. Twelve-inch ruler for scale.
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occurrence of the genus Siphonodella.

Because Siphonodella is

not known to occur in rocks younger than Kinderhookian age, the

Kinderhookian/Osagean boundary is tentatively placed between
samples C41 and C42 (unit 12).

Thus, the basal 188 feet of the

Middle Canyon Formation is considered to be Kinderhookian in
age.

The upper Middle Canyon units are all Osagean age and

probably lie within the Gnathodus typicus conodont biozone.

The

presence of Polygnathus communis carina in unit 25 (sample C57)
indicates that these sediments were derived from a shallow-water
environment.

Polygnathus communis carina, which is abundant in

early Osagean faunas from the Upper Mississippi Valley, is
extremely rare in basirtal faunas because it apparently lived in

the very shallow water of the margin and platform (Sandberg and
Gutschick, 1979).

Two samples from the Middle Canyon Formation yielded forams
(samples C38 and C62, Appendix C).

The presence of

Latiendothyra sp. in the middle member of the Middle Canyon

Formation indicates that the sediments originally formed in
a shallow-water environment.

Latiendothyra sp. was exclusively

benthic and thrived nearly exclusively in the photic zone.

It

was somewhat tolerant to salinity changes and lived in waters
ranging from normal marine salinity to slightly hyper- or
hyposaline (Mamet, 1977).

Sample C38 (unit 8) was assigned to

Mamet foraminifer zone pre-7 of late Kinderhookian age, and
sample C62 (unit 28) was assigned to zone 7 of early Osagean
age.

Thus, based on the composite biozones of Sando (1985), the
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Middle Canyon Formation of Rattler Gulch ranges in age from late
Kinderhookian to middle Osagean (composite biozones 6-9).

This

suggests that the base of the Middle Canyon Formation is older
at Rattler Gulch than in the Tendoy Range, where the Middle
Canyon Formation is entirely Osagean in age (Sando et al.,
1985).

The top of the Middle Canyon Formation at Rattler Gulch

is close to the composite biozone 9/10 boundary, whereas in the
Tendoy Mountains, the top of the Middle Canyon coincides
approximately with the composite biozone 10/11 boundary.

Although the Middle Canyon Formation is about the same thickness
at these two localities, both the base and the top of the Middle

Canyon are older at Rattler Gulch than in the northern Tendoy
Mountains.

DEPOSITIONAL ENVIRONMENT

The Middle Canyon Formation is interpreted to be a
moderately deep- to shallow-water, low-oxygen, marine carbonate
slope deposit. Such an environment is suggested in the lower
member by:

(1) dark color (from unoxidized organic material and

minor iron sulfide); (2) dominance of carbonate mud (micrite);
(3) planar, parallel, thin, and rhythmic bedding; (4) minor
millimeter-thick laminations; (5) scarcity of burrowing; (6)

presence of pyrite; (7) soft-sediment deformation inferred to
represent slumping and sliding; (8) pronounced lack of
shallow-water depositional features, e.g., mud cracks, fenestral
fabric, and sabkha evaporites; (9) general lack of diverse,
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shelly, shelf fauna; (10) the abundance of sponge spicules and

ostracode fragments; (11) presence of deep-water solitary
corals; and (12) similarities with other known deep-water slope
carbonates.

During this phase of Middle Canyon deposition, the probable
source of the carbonate mud was precipitation and sedimentation
from the overlying water column.

The microcrystalline calcite

ooze was probably produced directly by chemical precipitation
of calcite or aragonite from solution by inorganic processes.
In addition, some lime mud may have been produced by

precipitation caused by the removal of carbon dioxide from
solution by algae or by the secretion of clay-size aragonite
needles within organic tissue of certain types of algae.

The

echinoderm, brachiopod, pelecypod, bryozoan, gastropod, and
cephalopod fragments, indicative of an open, well-oxygenated,
shallow shelf environment, were probably transported from the
shelf by storm events or debris flows to be deposited with the
carbonate mud on the lower slope.

The sediments later lithified

to form the fossiliferous micrites and sparse biomicrites of the
lower member.

These shelly bioclastic layers could also

represent the distal equivalents of coarser bioclastic sediment
gravity flow deposits (Davies, 1977).
Alternatively, the interbedded spicule-rich micrites and

crinoidal sparse biomicrites could represent eustatic changes in
sea level.

With the lowering of sea level, a shallow water

fauna of echinoderms, brachiopods, bryozoans, etc. would
develop and dominate the environment.

As sea level rose, a
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deeper water fauna of sponge spicules and ostracods would
prevail.

The first model is preferred because of the presence

of the bioclasts in hashy, isolated layers, indicative of

winnowing and transport of carbonate debris from contemporaneous
shallow-water lithotopes on the stable shelf.

Minor terrigenous silt and clay were probably derived from
the exposed craton to the east.

These fine clastic particles

were transported to the deeper water lithotope of the carbonate
slope by marine surface currents or by seasonal northerly or
northeasterly winds (Smith, 1977).

Since deep-water carbonate slope sediment is similar to

basin floor sediment, it is difficult to discern a division
between the two types of deposits in the Middle Canyon
Formation.

Some carbonate slopes can merge gradually with basin

floors, lacking a clear topographic separation.

Furthermore,

both slopes and basins are sites of extensive fine-grained
One of the most distinct

pelagic and hemipelagic sedimentation.

differences between basin and slope deposits, however, is the
common disruption and reorientation of sediment into slides and
slumps on slopes.

In contrast, the presence of these features

in carbonate basins is rare (Cook and Mullins, 1983).

Thus, the

presence of a translational slide in the lower member of the

Middle Canyon Formation (Fig. 12) supports the interpretation of
a slope environment for these sediments.
The middle member of the Middle Canyon Formation is
interpreted as a slope deposit positioned slightly higher on the
carbonate slope than the lower member.

The interpretation of
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Figure 12.
Translational slide in the lower member of the Middle
Canyon Formation.
Photo taken on the west side of Rattler
Gulch looking to the west. Rock hammer near bottom center
for scale.
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the packed biomicrites of the middle member as sheet-shaped
debris flows deposited on the slope is based on:

(1) generally

matrix-supported crinoid clasts; (2) abrupt and planar contact
of light gray packed biomicrites with the dark gray
fossiliferous micrites and sparse biomicrites of the lower

member; (3) massive character of the deposits; (4) presence of
darker spicule-rich micrites above and below the middle member;
(5) presence of very shallow-water foraminifers; (6)
similarities with other known deep-water carbonate debris
flow deposits; and (7) the presence of crinoidal debris flows in
the Middle Canyon Formation in southwest Montana (Sando et al.,
1985).

The rare normally graded crinoidal limestone beds may have
been deposited by turbidity currents (Davies, 1977), or they
could be interpreted as crinoidal debris flow deposits and
represent the uppermost more dilute turbulent part of the debris
The

flow (Cook et al., 1972; Krause and Oldershaw, 1979).

abundance of crinoids in the sediment gravity flow deposits
could result from:

(1) a strong preference for crinoid

community growth in deeper water slope environments where
gravity flows may be generated, or (2) the preferential
transportation of crinoid bioclasts by water currents because of
the high internal skeletal porosity (thus low bulk density)
that affects the behavior as sedimentary particles (Davies,
1977).

The pervasive dolomitization of the packed biomicrites of
the middle member is also characteristic of debris flow deposits
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in the Delaware and Midland Basins, west Texas.

These Permian

debris-flow conglomerate reservoirs are usually intensely

dolomitized, similar to the middle member of the Middle Canyon
Formation (Cook and Mullins, 1983).

The evidence against the

middle member being a debris-flow deposit includes the lack of
rip-ups, lack of breccia clasts, and the absence of an admixture
of shoal and basin fossils in the lime mud matrix.

The

abuadance of chert in the member, however, would suggest the
presence of sponge spicules in the original deposits.

The

absence of spicules in the mud matrix could be the result of

obliteration by dissolution and the pervasive dolomitization of
the member.

Alternatively, the packed biomicrites could represent the
deposits of a crinoid meadow, with little or no remobilization
of the sediments.

Crinoid forests normally grow in an open,

well-oxygenated, marine area with good water circulation.

The

crinoids would baffle the circulating currents, thus allowing
for the deposition of carbonate mud between the crinoid stems on
the ocean bottom.

As the crinoids died and disarticulated, they

would become mixed with the lime mud.

Lithification of these

sediments would produce crinoidal packed biomicrites.

The sharp

contact between the lower and middle members would indicate that
at least some movement of the packed biomicrites occurred prior
to final deposition.

It is probable that a gradation of

transport distance occurs upsection, with the lowest beds of the

middle member being transported the farthest, and the upper beds
of the middle member being transported only a short distance or
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not at all.

The upper member of the Middle Canyon Formation is
interpreted to be an upper slope deposit transitional to the
open shelf deposits of the overlying Mission Canyon Limestone.

The upper member contains a diverse faunal assemblage (including
crinoids, bryozoans, brachiopods, and pelecypods) and
lithologies (including poorly washed biosparite, unsorted

biosparite, and packed biomicrite) indicative of a shelf
However, the relatively dark color, thin bedding,

environment.

abundance of chert, and presence of spicule-rich micrites
suggest an upper slope environment.

The extensive

recrystallization and replacement by chert of this member often
make it difficult to interpret the original depositional texture
of the rocks.

Taken as a whole, the Middle Canyon Formation represents a

moderately deep-water carbonate slope deposit that shallows
upsection.

The formation gradually merges with shelf deposits

at its upper contact, and it probably merges gradationally with
basinal deposits near its base.
formation may have occurred.

Some tectonic shuffling of the

However, such deformation is

thought to be minor because of the continuous fossil record
and the formation thickness, which is comparable to thicknesses
measured for the Middle Canyon Formation elsewhere.
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MISSION CANYON LIMESTONE

INTRODUCTION

Peale (1893) originally applied the term Madison Formation
to Lower Carboniferous limestones in the Three Forks, Montana
area.

He gave no type section for this unit but apparently

named it for the Madison River.

In 1922, Collier and Cathcart

raised the Madison to group rank and defined the lower unit as the

Lodgepole Limestone and the upper unit as the Mission Canyon
Limestone, with type sections on the north flank of the Little
Rocky Mountains, Montana.

Subsequently, the Mission Canyon

Limestone was recognized over an extensive area in Montana,
western Wyoming, and southeast Idaho.

The formation is present in

much of Montana, but it is thin or absent locally and north of
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N latitude, where it has been removed by pre-Jurassic and/or
Tertiary uplift and erosion.

The middle Osage to middle Meramec

age Mission Canyon Limestone typically consists of a complex of
shallow-water shelf limestone facies in the lower part and
evaporite facies in the upper part.

The formation is

disconformably overlain by the Snowcrest Range Group in western
Montana (outside of the Tendoy Mountains) and by the Big Snowy
Group in central Montana.

In the Tendoy Mountains of southwest

Montana the Mission Canyon Limestone rests conformably on the
Middle Canyon Formation and is conformably overlain by the
McKenzie Canyon Limestone.

The Mission Canyon Limestone in that

area consists of 577 feet (176 m) of medium- to thick-bedded,
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partly cherty, encrinite and crinoidal wackestone (Sando et al.,
1985).

In the thesis area, the Mission Canyon Limestone is a
prominent cliff- and ridge-forming limestone that rests

conformably on the Middle Canyon Formation and is conformably
overlain by the McKenzie Canyon Limestone (Fig. 13).

The "hoodoo"

landscape of the modern karst exposures results from differential
weathering along fractures and joints and by differential
resistance of certain strata (Fig. 14).

The formation consists of

578 feet (176 m) of generally light gray, medium- to thick-bedded
partly cherty limestones.

Although dolomitic intervals are

common, remarkably pure high-calcium limestones are also present.
In 1939, the Hitchcock quarry was opened in Rattler Gulch.

Limestone from this quarry, which averaged 98 percent calcium
carbonate, was shipped on the Northern Pacific Railway to Missoula
for use at the American Crystal Sugar Company beet-sugar plant.
Although the quarry is now inactive, the vertical working faces
are still evident and lie along the line of section (Fig. 15).

A

sample from the Hitchcock quarry (units 101 and 102, Appendix A)

contained 98.1 percent calcium carbonate, 1.17 percent magnesium
carbonate, and trace amounts of silica, iron oxide, and aluminum
oxide (Landreth, 1968).

A grab sample from the quarry by Chelini

(1965) contained 0.063 percent phosphorous(V) oxide, indicating
that the limestone may contain a small amount of apatite or
collophanite (perhaps as conodonts or bone material).
Three informal members of the Mission Canyon Limestone are
recognized in the thesis area:

a lower member 294 feet thick
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Figure 13.
View of vertically dipping Mission Canyon Limestone
ridges on the east side of Rattler Gulch. Hitchcock
limestone quarry at bottom center; red Kibbey Sandstone
exposures at bottom right.
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Figure 14.
View of Tertiary karst cave in a ridge of Mission
Note the irregular boundaries and the
Canyon Limestone.
thin, horizontal, red siltstone beds filling the cave. Photo
taken on the east side of Rattler Gulch.
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Figure 15. View of the Hitchcock limestone quarry on the east
side of Rattler Gulch. Although the quarry has been
abandoned, the working faces are still discernible on a
vertically dipping ridge of Mission Canyon Limestone.
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(units

54-89)

characterized by medium light gray, thick-bedded,

partly cherty, sparse to packed biomicrite and unsorted
biosparite; a middle member 137 feet thick (units

90-108)

distinguished by medium gray, thick to very thick-bedded
oosparite; and an upper member 148 feet thick (units 109-131)
composed of limestone breccia and crystalline carbonate.

The

Mission Canyon-Middle Canyon contact is conformable and
gradational over tens of feet into the units above and below.

The

contact was placed where the lighter colored, coarser grained, and

more thickly bedded shelf units of the Mission Canyon Limestone
begin to replace the darker, more micritic, more thinly bedded and
more cherty slope deposits of the Middle Canyon Formation.
Although the Mission Canyon-McKenzie Canyon contact is covered, it
is considered to be conformable.

Some minor tectonic shuffling of

the Mission Canyon units may have occurred.

However, the

continuity of the biostratigraphic dates and the similar
thicknesses of the Rattler Gulch section and the Tendoy Mountains
section indicate an uninterrupted and unrepeated section.

LITHOLOGY

Lower Member - Biomicrite and Biosparite Lithofacies

The lower member consists of 294 feet of variably bedded,
dolomitic, sparse to packed biomicrite and unsorted biosparite,
with subordinate units of dolomitic poorly washed biosparite and
dolomitic crystalline carbonate.

The generally medium gray
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limestones range from very light gray to medium dark gray and

weather to a rough, pitted, medium light gray surface.

The beds

range from one to ten feet thick, but are predominantly thick
bedded.

However, several massive intervals also are present in

the member.

Medium dark gray to dark gray chert as nodules (up to

15 cm long), beds (up to 8 cm thick), streamers (often banded),

and stringers average five percent of the rock constituents.
The biomicrites and biosparites of the upper member are
extremely fossiliferous.

Colonial and solitary corals in life

position, brachiopods, and crinoids were commonly observed on the
outcrops of these units.

Extensive bioturbation of the sediments

is evidenced in all of the units by the presence of burrows and
mottled intervals.

The burrows are frequently contorted and

squashed by compaction of the sediments. The fossiliferous units
are generally well-cemented and form prominent ridges; the barren
crystalline carbonates are less resistant and often form
float-covered slopes.

Petrographic analysis shows that although crinoid and
other echinoderm fragments predominate, the biomicrites and
biosparites contain a diverse faunal assemblage, including
colonial and rugose corals (Fig. 16), brachiopods, pelecypods,
bryozoans, calcispheres, conodonts, sponge spicules, gastropods,
ostracods, and trilobites.

The fossil fragments and dark

anastomosing threads of organic matter are commonly aligned
sub-parallel to bedding.

Fine dolomite pervasively replaces the

rocks and ranges from 5 to 40 percent of the total rock
constituents.

The dolomite preferentially replaces the micrite
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Figure 16. Photomicrograph of a cross-section of a solitary
rugose coral. The simple, radiating septa and central
complex are fairly well preserved.
Coarse replacement of the
coral by authigenic quartz crystals is shown in the lower
left.
The crystal positions in the fossil, excellent
crystal terminations, and central cores of undigested
carbonate are characteristic of such authigenic minerals.
Sample PS32, unit 67, lower member, Mission Canyon Limestone.
Magnification 4X, crossed nichols, FOV = 3.3 mm.
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and recrystallized bioclasts as compared to the originally
calcitic echinoid fragments.

Authigenic quartz and chert average

three percent and one percent, respectively, of the rocks.
Intraparticle, interparticle, and fracture porosity are all
present but together average less than one percent of the rock.

The dolomitic crystalline carbonate units of the lower member
(units 84-86,89) are generally barren of fossils.

The original

micrite mud has largely recrystallized to pseudospar and
microspar.

Coarse-grained spar is observed in the cross-sections

of burrows, aligned fenestral vugs, and as replacement of
fossils(?) or voids.

Coarse replacement dolomite and chert (rare)

also fill in some of the voids.

The dolotnitic carbonates exhibit

the greatest porosities of the upper member with intercrystalline
porosity averaging twenty percent.

The contacts between the

dolomitic crystalline carbonates and the biomicrites are usually
gradational over 1-2 feet.

The crystalline carbonates are massive

in outcrop and do not display any bedding or laminations.

Middle Member - Oosparite Lithofacies

The middle member consists of 137 feet of medium gray,
thick- to very thick-bedded oosparite, with subordinate dolomitic
unsorted biosparite, dolomitic sparite, dolomitic biopelsparite,
and dolomitic packed biomicrite (one foot).

The oosparite

generally weathers to medium light gray, forms prominent ridges,
and exhibits poorly defined planar bedding contacts.
In thin section, the ooids are observed to be predominantly
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medium grained (average 0.4 mm in diameter), very well rounded,
and very well sorted (Fig. 17).

Although most of the ooids are

spherical, some are highly elliptical.

The shape of the ooids is

largely determined by the shape of the ooid nucleus.

For example,

U-shaped crinoid arm plates tend to form elliptical ooids, while
round crinoid ossicles form spherical ooids.

The sparry, euhedral

to subhedral calcite cement fills the intragranular spaces,
effectively destroying the original porosity.

Intraparticle and
Rarely,

fracture porosity rarely exceeds two percent of the rock.

a poikilotopic cement is observed where a single calcite crystal
cements a number of ooids.

The ooids display concentric laminations of micrite around
nuclei composed of echinoderm, gastropod, brachiopod, bryozoan,
or foraminifera fragments, or less commonly, silty quartz grains.

Fragmented bioclasts of the above fossils and rounded biomicrite
intraclasts also occur mixed in with the ooids.

Some of the

echinoderm fragments exhibit superficial oolitic coatings
characterized by thickened coatings in embayed areas.

These

thin (one to five layer) concentric coatings are important in
echinodertnal limestones as they isolate the grains from pores,

preventing cementation by overgrowths.
Most of the ooids are gently to strongly deformed.

One of

the oosparites (unit 93) displays an interesting example of
compaction postdating cementation.

Although the ooids show

extensive interpenetration, there are very few grain to grain
contacts.

Because the calcite cement intervenes between the

ooids, the thin rinds of submarine cement must have formed early
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Figure 17.
Photomicrograph of normally packed oosparite with
mostly well-formed, concentrically and multiple-coated,
spherical grains. The nuclei are composed of echinodermal,
foraminiferal, molluscan, bryozoan, and gastropodal
These grains were probably deposited on a shoal
fragments.
in shallow open marine water. Today such well-formed ooids
are found mainly in tidal bars (Wilson, 1975). The cement
between the grains is a mosaic of blocky calcite and is
possibly late diagenetic from meteoric water in the phreatic
zone.
Sample PS62, unit 92, middle member, Mission Canyon
Magnification 2X, uncrossed nichols, FOV = 6.7
Limestone.
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in the rock history and compaction and grain interpenetration
followed later.

Most of the ooids, however, show interpenetration

of the grains without intervening cement.

Petrographic

relationships suggest the following diagenetic history for the
oosparites:

(1) ooids are formed and deposited, (2) ooids are

deformed by compaction, (3) sparry calcite cement is precipitated
in the intergranular pore spaces, (4) sparry calcite veins disrupt
the ooids, and (5) authigenic quartz crystals are precipitated.
Interbedded with the oosparites are units of dolomitic
unsorted biosparite and dolomitic biopelsparite.

Only one foot

of biomicrite (unit 107) was observed in the middle member.

The

biosparite and biopelsparite are less resistant than the oosparite
and form slopes and slight depressions on the oosparite ridges.

Most of the biopelsparites retain faint traces of pellets and
ooids which have been extensively dolomitized.

It is probable

that these beds were originally composed of oosparite and were
later altered by dolomitization.

Bioclasts in the biosparites

usually exhibit micritized rims and include echinoderm, bryozoan,
pelecypod, and brachiopod fragments.

Authigenic quartz crystals,

displaying excellent crystal terminations, compose approximately
five percent of the rock.

Some of the quartz crystals display

large central cores of almost completely undigested carbonate.

Upper Member - Carbonate Breccia Lithofacies

The upper member consists of 148 feet of carbonate breccia,
crystalline carbonate, and dolomitic sparse biomicrite.

Dolomitic
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sparite and micrite, dismicrite, dolomitic sparse biomicrite, and
dolomitic peisparite are interbedded with irregular exposures of
carbonate breccia.

Several beds of oosparite (units 122 and 124)

are present near the top of the member.
Most of the crystalline carbonates are composed of fine,

euhedral calcite (mainly pseudospar and microspar) extensively
replaced by fine dolomite rhombs.
the upper member (units

The crystalline carbonates of

111-114, 129-131)

are very similar to the

dolomitic limestones of the lower member (units 81, 84-86, and
89).

The main difference is that the dolomitic limestones of the

upper member commonly exhibit fine, dark, millimeter-thick
laminations between strongly bioturbated intervals.
limestones also contain abundant calcispheres.

These

Under ultraviolet

light, however, the carbonate texture is seen to be composed of
fragmented pellets cemented together by microspar and pseudospar.

Micrite is much more abundant in the upper member than in the
middle member.

The sparse biomicrites contain a diverse faunal

assemblage of foraminifera (Fig. 18), crinoids and other
echinoderius, ostracods, bryozoans, brachiopods, sponge spicules,

calcispheres, gastropods, and trilobites.
commonly aligned subparallel to bedding.

The fossils are

Much of the micrite has

recrystallized to microspar and pseudospar and has been replaced
by dolomite.

The doloniitic units are usually less resistant and

weather light olive gray.

Bed thickness is quite variable and

ranges from thin to very thick.

The bedding planes are normally

sharp and planar, and fracturing and calcite veining is extensive
throughout the upper member.

Olive gray to black ribbony chert
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Figure 18.
Photomicrograph of foraminifers (upper left and lower
right) and echinoderm fragments in a packed biomicrite.
Calcite is stained pink by Alizarin Red-S.
Sample PS1O6,
unit 120, upper member, Mission Canyon Limestone.
3.3 mm.
Magnification 4X, crossed nichols, FOV
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beds, stringers, and small nodules (up to 0.5 inches in length)
average five percent of the rocks, although chert is absent in the
dismicrite and oosparite units.

The presence of a carbonate breccia zone at the base of the

upper member is significant because stratigraphically restricted
carbonate breccia zones are common in the upper two-thirds of the
Mission Canyon Limestone in the western Rocky Mountains region.
These carbonate breccias can often be utilized as regional
stratigraphic markers (Sando, 1967; 1968; 1972; 1974).

Solution

breccias have been reported from 69 to 300 feet below the top of
the Mission Canyon Limestone in northern Wyoming (Sando, 1974).
Pecora (1981) reported the occurrence of a 70-foot-thick breccia

zone approximately 250 feet below the Mission Canyon-Kibbey
contact in the Blacktail Mountains, southwest Montana, and Byrne
(1986) described a solution-breccia zone in the Mission Canyon
Limestone of the Snowcrest Range.

The carbonate breccia zone in the upper member of the Mission
Canyon Limestone of the Rattler Gulch section occurs 89 feet below
the Mission Canyon-McKenzie Canyon contact.

The breccia zone is

laterally continuous and averages 19 feet thick.

The breccia

consists of angular limestone clasts 0.1-12 inches wide in a
moderate reddish orange-stained silty micritic matrix.

The

limestone blocks are similar lithologically to the overlying
carbonate intervals.
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FOSSILS AND AGE

The Mission Canyon Limestone of Rattler Gulch contains an
abundant benthic flora and fauna representing mostly
shallow-water, subtidal carbonate sedimentation.

This seuence

is interrupted near the top of the formation by an
evaporite-solution breccia (units 109-115) corresponding to the
"lower solution zone" of Sando (1967; 1974; 1975; 1976; 1980a).
The shallow-water coral biofacies of the Mission Canyon
Limestone includes an abundant dissepimented solitary taxon
(Vesiculophyllum), moderately abundant nondissepimented solitary
taxa (Amplexizaphrentis, Lophophyllum?, Sychnoelasma,
Canadiphyllum, and Cyathaxonia), and a few tabulate corals
(Pleurosiphonella, Syringopora, and Michelinia).

Except for

Cyathaxonia, all of the corals are associated with predominantly
shallow-water environments; Pleurosiphonella lived exclusively
in shallow-water shelf carbonate facies.

The presence of

Pleurosiphonella in unit 61 (sample F8), just 23 feet above the
top of the Middle Canyon Formation, supports the interpretation of
this part of the section as Mission Canyon Limestone.

All of the

Mission Canyon coral samples (units 61-87) are indicative of coral
biozone fiB of Osagean age.

The Mission Canyon Limestone contains conodonts of the
Scaliognathus anchoralis-Dolignathus latus Zone and Gnathodus
texanus Zone.

The Osagean/Meramecian boundary is placed between

sample Cl8 (unit 104) and C20 (unit 113).

This age determination

is based on the last occurrence of Polygnathus communis and
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Polygnathus mehli in sample C18, and the first occurrences of
Patrognathus capricornis and Taphrognathus varians in samples C20
and C21, respectively.

Therefore, based on the conodont zonation,

the Mission Canyon Limestone ranges in age from middle Osagean to
early Meramecian.

Abundant foraminifers were also identified in the Mission
Canyon Limestone.

The Mississippian foraminifera thrived almost

exclusively within the euphotic zone in water of normal marine
salinity.

Endothyridae (notably Latiendothyra and Priscella)

and Earlandiidae were more tolerant to salinity changes and
lived even in slightly higher hyper- or hyposaline lagoons
(Mamet, 1977).

The presence of both Latiendothyra (units 61,

104, and 120) and Priscella (units 95 and 120) in the Mission
Canyon Limestone indicates a shallow-water depositional
environment within the euphotic zone for this formation.

The

presence of a Solenoporid alga in unit 95 also indicates
deposition within the euphotic zone.

The faunal lists for the

foraminifera samples are provided in Appendix B, and the
foraminifer biozones are plotted on Plate 2.

The biozones range

in age from zone 7, early Osagean, middle Tournaisian (sample
F8, unit 61) to zone 11, late Osagean, early Visean (sample C23,
unit 128).

Thus, based on the integrated biozones, the Mission Canyon
Limestone at Rattler Gulch ranges in age from middle Osagean to
early Meramecian (composite biozones 9-13).

As noted previously,

the base of the Mission Canyon Limestone is older in the thesis
area than it is in the Tendoy Mountains; the top of the formation
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is also older at Rattler Gulch (base of composite zone 13) than it
is in the Tendoy Mountains (base of composite zone 14).

DEPOSITIONAL ENVIRONMENT

The Mission Canyon Limestone is interpreted to represent a
shallow-water, well-oxygenated, shallowing-upwards marine shelf
deposit.

Several diagnostic criteria of the middle shelf facies

are recognized in the formation:

(1) the biota include various

stenohaline forms (that is, those with a low tolerance to salinity
variations from normal sea water), commonly referred to as "normal
marine faunas"; (2) carbonate textures that are generally muddy,

with sparse to packed biomicrites dominating the shelf
environment; (3) presence of sand shoals, producing local
accumulations of oosparites; (4) bedding of variable thickness;
(5) presence of extensive bioturbation and burrows; and (6)
generally light gray color of the units.
Throughout geologic time, most carbonate shelf deposits
have been characterized by stenohaline fossils indicative of
open circulation and normal marine salinities.

Stenohaline

fossils found in the biomicrites, biosparites, and oosparites of
the Mission Canyon Limestone include brachiopods, echinoids, and
crinoids.

Sparse to packed biomicrites are typical lithologies

of shelf environments and are often deposited in localized low
places on the shelf to form mud-filled depressions.

Shallow

bioclastic banks or shoals, however, are also common in shelf
settings.

The main particle types are ooids, peloids, and
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bioclasts which lithify to form oosparites and biosparites.
Shallow-water fossils, ooids, rounding of grains, and lack of
micrite reflect the relatively high-energy conditions in this
environment.

Wilson (1975) has suggested that such deposits

represent winnowed sands that formed carbonate shoals near the
platform margin.

The skeletal debris composing the nuclei of

the ooids is usually derived from the outer platform.

Water

depth on such shoals can range from above sea level to about
ten meters.

Irregular bedding is also typical of shelf sedimentation.

Bedding thickness in the Mission Canyon Limestone varies from
very thick or massive homogeneous strata to thinner layers less
than one foot.

This irregularity of bedding sharply contrasts

with the commonly thin and rhythmic bedding of slope and basinal
areas.

Inhomogeneity in the original sediments can probably be

attributed to burrowing or the presence of shell beds.
In general, deposits of the middle shelf have the following
characteristics:

(1) sea water mostly of normal marine salinity;

(2) depths varying from a few tens of meters to one hundred
meters; (3) temperatures ranging from l0°to 30°C (subtropical to
tropical); (4) generally well-oxygenated water; and (5) bottom
conditions commonly below normal wave base, but above storm wave
base (Wilson and Jordan, 1983).

The lower member of the Mission Canyon Limestone consists
predominantly of sparse to packed biomicrite interbedded with
dolomitic sparite, poorly washed biosparite, and thin beds of
unsorted biosparite.

Most of the fragmentation of the skeletal
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material in the biomicrite appears to be the result of biogenic
The inferred stratigraphic position of

reworking of the sediment.

this facies beneath (seaward of) oosparites, the abundant normal

marine biota, the common bioturbation, and the general lack of any
type of exposure indicator or structures suggesting restricted
conditions all indicate that the lower member was deposited under
normal marine conditions.

This lithofacies probably represents

the deepest depostional environment studied in the Mission Canyon

Limestone; the lower member is considered to represent deposition
in waters 10-30 m (30-100 ft) deep located seaward from oolite
shoals.

The peloids and grains with micritized rims in the

unsorted biosparites of the lower member were probably swept off
of nearby shoals during large storms and deposited in these
seaward areas.

The dolomitic crystalline carbonates of the lower member are
interpreted to represent low-energy, shallow-water carbonates
deposited in a restricted shelf environment.

Restricted shelves

are defined as any part of a continental shelf with slow water
circulation resulting in abnormal salinity, depleted nutrients,
and/or temperature extremes.

Restriction that reduces normal wave

or current energy may have resulted from skeletal banks, oolitic
sand shoals, or from the damping effect of vast expanses of
shallow water.

Restricted waters are commonly subject to

temperature extremes, both high and low, especially if shallow,
and to oxygen and nutrient depletion (Enos, 1983).

The lack of a diverse shelly fauna, the muddy lithofacies, an
abundance of burrows, the presence of fenestral structures, a
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general lack of hydrodynamic structures, and the stratigraphic
position of these units between packed biomicrites, are all
typical characteristics of restricted subtidal environments.
Burrows are the most common structures of restricted shelf
environments.

The incidence of burrowing in the lower member

ranges from distinct individual burrows, to an indistinct mottled
or swirled appearance, indicating extensive bioturbation, to an
The

end member of complete homogenization of the deposits.

presence of well-preserved discrete burrows may indicate a lower
population of burrowers, or slower rates of burrowing relative to
sedimentation, than do mottled or homogeneous sediments.

Although

fenestral structures are commonly associated with supratidal
deposits, they are also reported from restricted subtidal rocks
(Enos, 1983).

Dolomitization is probably attributable to

seepage-ref luxion (Adams and Rhodes, 1960) or mixing-zone
(Badiozamani, 1973) processes.

The oosparite lithofacies of the middle member was deposited
on high energy shoals in a shallow-water, bank-type environment.
Since the geometry of the oolitic sand bodies could not be

determined, the middle member may represent tidal bar deposition
perpendicular to the coast or deposition as barrier bars parallel
to the coast (Evans, 1984).

The upper member is interpreted to represent deposits in a
lagoonal environment landward of oolitic sand shoals.

Lagoons are

partly enclosed shallow bodies of water with a distinctly
restricted connection to the sea.

The predominantly low-energy,

shallow-water carbonates of the upper member were deposited in a
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restricted area where normal wave or current energy was reduced.
Slow water circulation, resulting in abnormal salinity, depleted
nutrients, and/or temperature extremes, probably resulted from the
presence of an oolitic sand shoal barrier (i.e., barrier island).

A lagoonal environment is inferred from the predominance of muddy
sediment and peloids, the general lack of a shelly, diverse,

marine fauna, the abundance of burrows, the presence of
millimeter-thick laminations, and, most importantly, on lateral
facies relationships.

Facies relationships are the most reliable clue for
recognition of lagoonal deposits in the rock record.
sequences can be used to infer lateral relations.

Vertical

As Johannes

Waither stated in his "Law of Correlation of Facies",
"the various deposits of the same facies areas and
similarly the sum of the rocks of different facies
areas are formed beside each other in space, though
in cross-section we see them lying on top of each
other.

As with biotopes, it is a basic statement of

far-reaching significance that only those facies and
facies areas can be superimposed primarily which can
be observed beside each other at the present time"
(Niddleton, G. V., 1973).

Seaward equivalent deposits commonly produce the restrictions for
the lagoonal environment, but landward equivalents may record the
restricted conditions more dramatically (Enos, 1983).

In the

Rattler Gulch section, an inferred lateral transition to a sand
shoal barrier facies (middle member) in a seaward direction,
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coupled with transitions to low-energy shoreline facies (McKenzie
Canyon Limestone) in a landward direction, is highly suggestive of
a lagoonal environment for the upper member.

Mottled and swirled deposits indicating extensive
bioturbation are common in the upper member.

Not all of the

structures in the upper member, however, are biogenic.

In

settings where macrobenthos were severely reduced in number, or
Fine,

lacking, laminations were preserved (e.g., units 111-114).

millimeter-scale laminations characterize organic-rich limestone
deposits of anaerobic settings where anoxic conditions have
excluded burrowing organisms (Byers, 1977).
Peloids of diverse origins are characteristic sedimentary
particles of semi-restricted shallow-water environments.

Peloids

are ovoid micritic grains of various origins such as micritization
of skeletal and oolitic grains; biological, including fecal,
aggregation of lime mud; and mechanical erosion of carbonate mud
or lithified mudstone (Enos, 1983).

The origin of the peloids in

the upper member is indeterminate as a result of micritization and
hardening (intra-particle cementation) of the grains.

The lack of

evaporites, mudcracks, intraclasts, fenestral structures, algal
structures, soil residues, and other diagnostic sedimentary
structures of the supratidal zone imply that the upper Mission

Canyon Limestone depositional environment did not commonly attain
supratidal conditions.

The carbonate breccia at the base of the upper member is
interpreted as an evaporite-solution breccia.

These breccias are

stratigraphically restricted, laterally continuous, and can
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develop on a very large scale.

The shape and size of the breccia

fragments are determined by the lithology of the nonevaporite
rocks within and above the evaporite beds.
breccias can form in two ways.

Evaporite-solution

The evaporite minerals may simply

dissolve to produce large voids and cause the collapse of the less
soluble beds within and above it.

Alternatively, evaporite

removal may occur simultaneously with evaporite flowage, gradual
subsidence, and small-scale precipitation.

Thus, in this model,

roof collapse is relatively unimportant, and insoluble rock
fragments are left floating in plastically deformed evaporite.

A

grain-supported mass gradually forms, and, finally, an
evaporite-free breccia (Blatt, 1982).
The lithology, stratigraphic position, and age of the

carbonate breccia in the upper member correlate well to Sand&s
(1967; 1974) lower solution zone in the Mission Canyon Limestone.

His lower solution zone breccia ranges from 10 to 50 feet thick
and consists of poorly sorted angular fragments of limestone and
dolomite in a matrix of poorly bedded siltstone, shale, or rare
fine-grained carbonate.

Sando (1974) suggested that leaching of

soluble constituents of evaporite deposits in the upper part of
the Mission Canyon Limestone produced open spaces that were filled
largely by collapse of overlying carbonate beds.

The fine-grained

carbonate matrix of some of the evaporite-solution breccias could
be derived from the crushing of limestone clasts.

The evaporites

probably originated in more restricted parts of the lagoon (Enos,
1983).
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MCKENZIE CANYON LIMESTONE

INTRODUCTION

The McKenzie Canyon Limestone was first described by Sando
and others (1985) for exposures in the McKenzie Canyon, Tendoy
Mountains, southwest Montana.

The McKenzie Canyon Limestone is

the uppermost formation in the Tendoy Group and conformably
overlies the Mission Canyon Limestone and underlies the Kibbey
Sandstone of the Snowcrest Range Group (Fig. 5).

The type

section is located in Bell Canyon in the Tendoy Mountains.

The McKenzie Canyon Limestone in the Tendoy Range consists of
459 feet (140 m) of mostly gray, thin- to medium-bedded, partly
cherty micrite, dismicrite, and pelmicrite, with minor crinoidal

wackestone, encrinite, peisparite, evaporite-solution breccia, and
silty dolomitic limestone.

The formation is interpreted as

representing intertidal and supratidal deposition near the
shoreline of the karst plain formed on the craton during
post-Mission Canyon, pre-Snowcrest Range time.

Shelly benthos are

rare in the McKenzie Canyon Limestone, but corals, forarninifers,

and conodonts indicate a Late Mississippian (early Meramecian) age
for the formation (Sando et al., 1985).

In the thesis area, the McKenzie Canyon Limestone consists of
245 feet of carbonate breccia, intrapeisparite, micrite, and
dolomitic limestone.

The breccias commonly form prominent ridges

which are traceable along strike for several thousand feet.

The

formation contacts are covered, but the Mission Canyon-McKenzie
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Canyon contact is considered to be conformable.

LITHOLOGY

The McKenzie Canyon Limestone consists mainly of carbonate
breccia with minor interbeds of medium-bedded, olive gray,
Petrographic

intrapeisparite, micrite, and dolomitic limestone.

examination reveals that most of the limestones are composed of
pseudospar and microspar extensively replaced by fine dolomite
rhombs.

The limestones of units 133, 137, and 138 are composed of

grapestone intraclasts, peloids, and rare ooids.

Abundant

calcispheres, common ostracods and foraminifers, and rare sponge
spicules and conodont fragments are the only fossils observed in
the formation.

Mamet

(1988,

personal communication) reported

finding fenestral structures, Codiacean nodules (calcareous green
algae), and anhydrite pseudomorphs in rocks of unit

133.

The

limestones are extensively fractured and calcite veined, and they
average four percent olive gray to black chert as blebs and
ribbony beds.

The carbonate breccias form prominent, laterally extensive,
but stratigraphically restricted ridges which exhibit irregular
contacts with the adjacent carbonate units.

The angular siltstone

and limestone clasts range in width from 0.1 to 12 inches, and
average approximately one inch.

The orange- and red-stained

matrix is composed of subangular, monocrystalline quartz silt,
microspar and pseudospar, and fine, angular, limestone fragments.
Petrographic analysis shows the limestone clasts to be composed
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of recrystallized biosparite, sparite, and micrite.

All of the

breccia clasts are characterized by a light yellow to light

orangish-red iron stain which intensifies toward the outer edge of
Reflected light indicates that

the clasts and into the matrix.

the stain is goethite and/or hematite.

Additionally, the edges of

many of the coarse calcite cement crystals between the breccia
clasts are iron stained.

The cement is predominantly coarse,

mosaic, limpid, sparry calcite which, along with extensive calcite
veining, tightly cements the limestone and siltstone clasts.
Scattered throughout the carbonate breccia are very

well-bedded, thin-bedded, dark reddish brown to grayish red silty
limestone interbeds.

Monocrystalline detrital quartz grains make

up approximately 30 percent of the rock.

The diameters of the

quartz grains range from 0.01 mm (fine silt) to 0.27 mm (medium
sand), with most occurring in the fine silt size fraction
(averaging 0.01 mm diameter).

The predominantly subangular quartz

grains range from angular to well rounded, and although most are
monocrystalline, about ten percent are polycrystalline.

Medium-sand size, highly iron-stained, angular to subrounded
siltstone clasts compose about five percent of the rock.

The

sparry calcite cement surrounds all of the framework grains.

Magnetite and zircon occur as scattered grains in the
predominantly quartzose framework.

Hematite staining is ubiquitous, but the iron stain never
occurs within the quartz grains.
usually irregular.

Laminations are rare and

Most of the siltstones are either massive or

display well-developed normal grading.

The irregular banding
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patterns occur because of local variations in hematite

concentration which form laminations that were later deformed by
soft sediment deformation.

Convolute laminations and flame

structures are also observed in some carbonate breccia siltstone
These structures may have formed in one of several

interbeds.
ways.

It is probable that under the action of localized

differential forces, such as sediment loading, a hydroplastic
sediment layer is thrown into convolutions, producing convolute
bedding.

Alternatively, convolute bedding may be produced by

differential liquefaction of a sedimentation unit.

Later

intrastratal flow of these liquified layers would produce
contortions.

Convolute bedding is formed in tidal environments

also as a result of liquefaction.

During subaerial exposure of

the sediment surface at low tide, compaction of sediment from the
expulsion of water produces local liquefaction of sediment, which
results in the development of convolutions (Reineck and Singh,
1980).

In outcrop, the small, angular, randomly oriented limestone
blocks and variably rounded clasts show no ordered vertical
variation in size within the carbonate breccias.

The breccias are

well cemented and only rarely have clasts weathered out, creating
irregular vugs.

The carbonate breccias contain moderately

disturbed, but intact, limestone interbeds of variable thickness
(units l39A, 139B, and 141).

These units are composed of light

olive gray to dark gray micrite and are barren of chert and
fossils.

Enlarged joint passages perpendicular or parallel to the
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bedding of the carbonate units are common in the upper McKenzie
Canyon Limestone.

They range from less than an inch up to six

inches in width and are filled with a red-stained calcareous
siltstone.

Larger cavities with probable connections to the

paleosurface are also present.

They range up to 20 feet in

width and are filled with thin-bedded micrite and red siltstone
and angular blocks of limestone similar to the adjacent walirock.

The exact extent and dimensions of the cavities are difficult to
determine because of poor exposures.

In north-central Wyoming,

Sando (1974) described sinkholes in the upper Madison Limestone
which were "characterized by steep, nearly parallel walls,
commonly having reentrants and overhangs."

Discontinuous, irregular-shaped solution cavities were also
common.

Angular blocks of limestone and siltstone, derived from

the collapse of walirock or roofrock, and thin-bedded, gently
warped, red siltstone and micrite fill the cavities.

Subangular

quartz clasts are typically subordinate to the microspar and
pseudospar.

Chert is rare.

Most of these carbonate fills are

deeply weathered and exhibit a pale yellowish orange to dark
reddish brown color.

FOSSILS AND AGE

Although no zonally diagnostic fossils have been found in
the McKenzie Canyon Limestone at Rattler Gulch, the formation is
thought to represent composite biozones 13 and 14.

The presence

of a Mamet zone 10/11 boundary fauna (sample C22, unit 122)
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approximately 50 feet below the Mission Canyon-McKenzie Canyon
contact suggests that the formation represents composite biozone
13 and possibly 14 of early to middle Meramecian age.

The

McKenzie Canyon-Mission Canyon contact is slightly older at
Rattler Gulch (Mamet zone ii) than it is in the Tendoy Mountains
(Mamet zone 12).

DEPOSITIONAL ENVIRONMENT

The McKenzie Canyon Limestone is interpreted as representing
intertidal to supratidal carbonate deposition in a lagoonal, tidal
flat, and/or sabkha environment.

Tidal flats develop along gently

sloping coasts, where enough sediment is available and strong wave
action is not present.

This situation can occur in estuaries,

lagoons, bays, or behind protective barriers such as reefs, spits,
or barrier islands.

Landward from the tidal flat lies the

supratidal zone containing sediments deposited above normal
high tide and exposed to subaerial conditions most of the time.
Subtidal sediments, which are never exposed to air, refer to those
sediments seaward of a tidal flat system deposited below the low
water line (Shiun, 1983).

The lack of a diverse, shelly, marine fauna, the predominance
of carbonate mud (micrite), the presence of peloids, small
intraclasts, and "grapestone" aggregates in the dolomitic

limestones, and the inferred position of the McKenzie Canyon
Limestone deposits landward of an oolitic sand shoal are
diagnostic criteria for both lagoonal and tidal flat
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environments.

The rare ooids found in the limestones of the

McKenzie Canyon Limestone probably were swept off the nearby
oolite sand shoals by storm currents.

Grapestones are clusters of

carbonate sand grains bound together by encrusting foraminifers,
filamentous algae, and/or micritic cement.

Such grains are

typical of shallow-water settings with slow sedimentation rates.
Benthic foraminifers and ostracods are among the characteristic
skeletal components for the lagoonal and tidal flat environments
(Enos, 1983).

Alternatively, fenestral structures, intraclasts, anhydrite
pseudomorphs, and evaporite-solution breccias are diagnostic
criteria of the supratidal zone.

The fenestral structures

(Ubirdis eyes") are small millimeter-sized vugs that form in
supratidal sediments as a result of shrinkage and expansion, gas
bubble formation, air escape during flooding, or wrinkles in algal
mats (Shinn, 1983).

The bird's-eye vugs in the McKenzie Canyon

Limestone are filled with sparry calcite.

The presence of

bird's-eye vugs and a well-preserved pelletal texture in ancient
limestones is considered evidence of both supratidal deposition
and early cementation.

Intraclasts, probably eroded and

redeposited during storms, form mainly on supratidal flats.

Some

evaporite minerals, such as anhydrite and gypsum, are present on
all modern arid tidal flats (Shinn, 1983).

In the supratidal zone

of very arid environments, hypersaline groundwaters and attendant
high evaporation result in the formation of authigenic
evaporites.

This in turn raises the Mg/Ca ratio of the

groundwaters and induces doloinitization of the sediment.

These
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processes occur within the sediment, above the water table in the
intertidal zone, and both above as well as below the water table
in the supratidal zone (James, 1984).

Evaporites, however, are very soluble when exposed to
percolating meteoric waters of low salinity and tend to be
dissolved and vanish from the geologic record.

Dissolution of the

evaporites affects the carbonate-evaporite sequences in several

ways, but the most important is the formation of collapse
breccias.

Collapse occurs when the evaporites dissolve, leaving

no support for the overlying sediments which subside into the void
created by evaporite removal.

Thus, the low-energy intertidal

carbonate-evaporite sequence is commonly capped by a breccia of
limestone.

This sequence is very similar to the limestone and

carbonate breccia deposits of the McKenzie Canyon Limestone at
Rattler Gulch.

A karst facies is interpreted to comprise the uppermost
McKenzie Canyon Limestone based on the presence of: (1) an
irregular paleosurface with 15-20 feet of erosional relief;
(2) subterranean landforms (varieties of enlarged joints and
caves); and (3) abundant collapse breccia deposits derived by
the removal of underlying carbonate.

The evolution of the karst facies began with the withdrawal
of the Madison sea in post-McKenzie Canyon time.

Early stages of

karst evolution would have been confined to surface landforms,

although heterogeneities such as fractures, joints, bedding
planes, impurities in the carbonate host, and vegetation would

have favored the development of subterranean landforms (Esteban
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and Klappa, 1983).

With a stable phreatic base level, the

development of the karst profile results in the lowering of the
surface and the downward shift of the infiltration zone.

The

paleosurface evolved into typical karst landforms, such as
sinkholes and karst valleys and plains, coincident with the
enlargement of subterranean open spaces.

Fractures in the

McKenzie Canyon Limestone enlarged as meteoric waters circulated
through the carbonate rocks.

The large sinkholes (Fig. 19) formed

through intensive solution by meteoric waters along fractures near
the bedrock surface, and were accompanied by collapse of part of
their walls.

Irregular solution cavities, lacking an obvious

connection to the erosion surface, are interpreted as caves.

The

absence of flowstone and dripstone in the caves suggests that the
caves were probably excavated below the water table and remained
below the vadose zone throughout most of their history (Sando,
1974).

Collapse breccia deposits formed by the foundering of cave

roofs resulting from the removal (by dissolution or hydraulic
erosion) of underlying carbonate strata.
During the middle Meramecian, western Montana subsided and
the Amsden sea transgressed eastward across the karst surface.
Initial reworking by the sea of stream deposits and residual
soil was followed by the fillings of the McKenzie Canyon joint

passages, sinkholes, and caves by Kibbey silt derived largely
from the Transcontinental arch.
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Figure 19.
View of sinkhole filled with red-stained
breccia in matrix of evaporite-solution breccia
McKenzie Canyon Limestone. Photo taken on west
Rattler Gulch looking to the east; upsection is
Five-foot long Jacob's staff for scale.
right.

carbonate
of unit 139,
side of
to the
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KThBEY SANDSTON1

INTRODUCTION

The Kibbey Sandstone was originally proposed by W. H. Weed
(1899) for exposures in the Little Belt Mountains, Montana.

It

was later assigned by Scott (1935) to the Big Snowy Group which
includes, in ascending order, the Kibbey Formation, the Otter
Formation, and the Heath Formation.

The Kibbey, the oldest and

most widespread of the three formations in the Big Snowy Group in
Montana, represents shallow-water, probably lagoonal deposition at
the strand line of the Cordilleran sea as it transgressed eastward
onto the cratonic karst plain during post-Mission Canyon time
(Sando et al., 1975; Sando, 1976; Sando et al., 1985).

In the Big

Snowy trough and Williston basin, the Kibbey Formation is divided
into three informal members (Harris, 1972).

The lower member

consists predominantly of red and green shale, with thin to thick
sandstone and gypsum lenses; the middle member is characterized by
dolomite, evaporite, and bioclastic limestone; and the upper

member consists of a thick sequence of sandstone, interbedded red
and gray shale, and subordinate lenses of dolomite.
Based on exposures in southwest Montana and adjacent Idaho,
the Kibbey Formation is now included in the Snowcrest Range
Group.

The Snowcrest Range Group includes, in ascending order,

the Kibbey Sandstone, Lombard Limestone, and the Conover Ranch
Formation.

The Kibbey Sandstone is identified as the lower unit

of both the clastic-dominated Big Snowy Group of central Montana
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and the carbonate-dominated Snowcrest Range Group of southwest
Montana.

The Kibbey Sandstone of southwest Montana is typically

red and yellow siltstones, fine-grained sandstones, and mudstones
with rare silty micrites.

Although marine fossils are rare in

the Kibbey Sandstone, the ages of the formations above and below
indicate that the Kibbey is probably entirely of middle Meramecian
age (Sando et al., 1985).

The Kibbey Sandstone is only partially exposed in the
thesis area (60 percent covered), with most of the subdued
outcrops surrounded by float-covered slopes (Fig. 20).

In the

field, the moderate reddish brown Kibbey Sandstone displays a
strong thickly laminated to flaggy parting and attains a
stratigraphic thickness of 187 feet.

Sando et al. (1985) measured

a comparable Kibbey thickness of 249 feet (76 m) in the northern
Tendoy Mountains in southwest Montana.

The formation lies

unconformably on the karst surface of the McKenzie Canyon
Limestone.

The contact of the Kibbey with the overlying Lombard

is covered but is believed to be conformable based on exposures in
the Tendoy Mountains.

LITHOLOGY

Kibbey Sandstone - McKenzie Canyon Limestone Contact

The contact between the Kibbey Sandstone and the McKenzie
Canyon Limestone is covered in the thesis area.

The contact may

be anywhere between the carbonate breccia of unit 143 and the
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Figure 20. View of subdued Kibbey Sandstone outcrop. Photo taken
on the west side of Rattler Gulch looking to the west.
Vertically dipping Kibbey beds in the foreground are
Rock hammer near the
surrounded by flaggy Kibbey float.
center of the photo for scale.
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first Kibbey outcrop of unit 147.

Based on the karst surface at

the top of the McKenzie Canyon Limestone, the Kibbey-McKenzie
Canyon contact would be disconformable.

The paleokarst elements

in the uppermost part of the McKenzie Canyon exposed in the thesis
area indicate withdrawal of the Madison sea in late early
Meramecian to middle Meramecian time.

The disconformity between the Kibbey Sandstone and Mission
Canyon Limestone prevails throughout much of western Montana
and Wyoming.

Large solution channels, filled with red Kibbey

siltstones, sandstones, and subordinate dolostones, occur in the
uppermost Mission Canyon south of the thesis area in the Horse
Prairie area and in the Snowcrest Range.

These features are

solution and collapse structures which developed along joint
systems during post-Mission Canyon, pre-Kibbey subaerial exposure
(Byrne, 1986).

Red sandstones and siltstones of the basal Amsden

Formation disconformably overlie the eroded Mission Canyon
Limestone southeast of the thesis area in the Gravelly Range.
(Mann, 1950), the southern Elkhorn Mountains (Klepper et al.,
1957), and in Wyoming (Sando, 1972; Sando, 1974; Sando et al.,
1975; Lageson et al., 1979).

At most of these localities, the

uppermost Mission Canyon, or Bull Ridge Member, is characterized
by solution breccias, karst deposits, and an erosional surface
with variable relief.

Kibbey Sandstone

The Kibbey Sandstone consists of a uniform, calcite-
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cemented, quartz arenite.

The mostly covered Kibbey interval is

punctuated by subdued outcrops of pale reddish brown, very finegrained silty sandstones which weather to a moderate reddish
brown.

Weathering and fracturing of the medium to thick planar

beds has created profuse thickly laminated to flaggy rubble
Field evidence of cross-bedding,

which surrounds the outcrops.

ripples, grading, and bedding plane structures indicative of
current/transport direction are absent.

Although most of the formation is massive and rarely mottled,
very thin, faint, slightly undulatory laminations are locally
observed.

Burrows are rare.

Detrital quartz grains make up

the framework of the formation.

They account for 60 percent of

the rock, are angular to well rounded, predominantly subangular,
and range from medium silt (0.025 mm diameter) to very fine sand
(0.1 mm) size.

Very fine sand size grains predominate, with an

average diameter of 0.08 mm.

Most of the coarse quartz grains

(75 percent) are monocrystalline and unstrained, with undulose

monocrystalline quartz grains making up 24 percent, succeeded by
scarce rounded detrital chert grains (one percent).

Heavy

minerals are present in trace amounts only, but include magnetite,
zircon, tourmaline, and green horablende.

Magnetite has largely

altered to hematite, providing much of the iron for the hematite
and limonite which pervasively stain the calcite cement.

Most of

the heavy minerals are subrounded, with the exception of the
subangular to angular green horablende.

The grains are well

sorted, and therefore, based on these parameters and following
Folk's (1980) classification, the quartz arenite is considered to

88

represent a texturally and compositionally mature sedimentary
rock.

The quartz arenite is calcite cemented in the thesis area,
the cement composing approximately 40 percent of the rock volume.
Commonly, the calcite rhombs appear to be replacing the
surrounding quartz clasts.

Clay and iron oxide cements also are

present, but do not compose more than five percent of the rock.
Optically continuous quartz overgrowths are not observed in the
detrital grains.

Intergranular porosity is less than one percent

as a result of the infilling of open spaces by diagenetic
cements.

FOSSILS AND AGE

The only marine fossils known from the Kibbey Sandstone are

Meramecian conodonts recovered by Wardlaw and Pecora in the Bell
Canyon section, Tendoy Mountains, although plant fossils also
occur in the lower part at Bell Canyon (Sando et al., 1985).

In

the thesis area, the age of the Kibbey Sandstone is bracketed by
the late Meramecian-Chesterian age of the Lombard Limestone above
and the early Meramecian age of the Mission Canyon Limestone (unit
132) below.

Although the age of the Kibbey could be early,

middle, and/or late Meramecian, correlative exposures in the
Tendoy Mountains indicate that it is entirely of middle Meramecian
age.
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DEPOSITIONAL ENVIRONMENT

Kibbey sedimentation marked the initial eastward
transgression of the Cordilleran sea onto the cratonic karst plain
following complete withdrawal of the Madison sea from the area
during early late to late middle Meramecian time (Sando, 1976;
Sando et al., 1985).

Although the evidence is not conclusive, the

Kibbey Sandstone is interpreted to have been deposited in the
intertidal zone on a broad tidal flat of a transgressive shallow
This explanation for the depositional environment of

epeiric sea.

the Kibbey Sandstone in the thesis area is consistent with that
interpreted from Kibbey sections described elsewhere in
southwestern Montana (Byrne, 1986; Sando et al., 1985).
Most intertidal flat sediments are mud (silt and clay)
and fine sand.

Studies have shown that intertidal sediments are

muddy near the high-water line, while the intertidal region near
the low-water line is sandy (Reineck and Singh, 1980).

The

dominance of very fine-grained sand in the Kibbey Sandstone

suggests an intertidal depositional environment close to low
tide level.

The sediment has abundant sand in this area because

it is the site where wave and current activity is the strongest
and active for the longest periods of time as compared to higher
parts of the intertidal zone.

Although ripples, flaser bedding, wavy bedding, and finely
interlayered sand and mud characterize some tidal flat deposits,
horizontal laminations and massive (bioturbated) fabrics are
also commonly reported (Weimer et al., 1982).

Diagnostic
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sedimentary laminations and structures are generally lacking in
both modern and ancient intertidal accumulations as the result of
homogenization of the sediment by burrowing organisms (Shinn,
1983).

Plane laminated and massive sands, however, can occur in

a variety of depositional subenvironmeats, including the
intertidal foreshore beach, upper shoreface, and upper offshore.

Thus, the paucity of structures observed in the Kibbey Sandstone
limits the precision with which a depositional environment can be
determined.

However, the lack of mudcracks, horizontal

laminations, algal structures, fenestral structures, intraclasts,
evaporites, root structures, and other diagnostic sedimentary
structures of the supratidal zone preclude a supratidal
depositional environment for the Kibbey Sandstone.

The oxidized

color and absence of fossils help to distinguish the intertidal
Kibbey sands from nearby subtidal sediments.
The source of sand during Kibbey deposition is uncertain,
but it was probably derived from the exposed Transcontinental
arch to the east and/or the Canadian shield to the northeast
(Sando, 1976).

The clean, mature nature of the Kibbey sands

probably reflects the supermature multicyclic sandstones and
quartzites of the provenance area.

The absence of multiple quartz

overgrowths in the Kibbey sands, indicative of multicyclic
sediments, can be attributed to the fine size of the sand grains
and the partial dissolution of these grains by the calcite cement.
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LOMBARD LIMESTONE

INTRODUCT ION

The name Lombard was originally proposed by Blake (1959) as
a facies of the upper Big Snowy Group exposed near the abandoned
Lombard railroad station in southwest Montana.

The rocks at this

location are chiefly gray to black silty limestones with thinly
laminated silty partings, and silty claystones.

McMannis (1955)

first recognized this unit in the Bridger Range, where he
correlated it to Blake's Lombard section to the northwest and to
the type Big Snowy rocks in the Big Snowy trough.

Wardlaw and Pecora (1985) have applied the Lombard name to
a formation between the Kibbey Sandstone and the overlying
Conover Ranch Formation in the Snowcrest Range Group.

The

Lombard Limestone in the Tendoy Range consists of 118 meters of
gray, silty, oncolitic micrite and biomicrite with shaly partings,
and minor encrinite and black shale.

It is interpreted as a

shallow-water carbonate deposited in slightly deeper and clearer
water than the sediments of the underlying Kibbey Sandstone (Sando
et al., 1985).

In Byrne's (1986) comprehensive study of the

Lombard Limestone in the Snowcrest Range of southwest Montana, he
recognized four lithofacies in the Lombard, including lime
mudstone, fossiliferous wackestone-packstone, calcareous shale,
and dolomitic lime mudstone.

Byrne interpreted the Lombard

carbonate sedimentation to denote rapid basin subsidence and
consequent deposition in a stratified water column.
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LITHOLOGY

The Lombard Limestone is covered in the Garnet
Range-Bearmouth area.

The only evidence for the formation is a

conodont sample collected by W. J. Sando in the thesis area
(Sando, 1988, personal communication).

The conodont sample that

I collected from a Lombard(?) outcrop (C27) was inconclusive.

Medium gray dismicrite characterizes the Lombard float, which is
similar to the limestone of the upper McKenzie Canyon Limestone.
In thin section, the micrite is seen to be an intrapeisparite with
rare bryozoan fragments.

The pellets are very well sorted and

average 0.074 mm in diameter (very fine sand size).
micrite has been homogenized by bioturbation.

Some of the

Anhydrite

pseudomorphs(?) and dolomite are locally abundant.

The Conover Ranch Formation, which commonly lies between
the Lombard Limestone and the Quadrant Formation in southwest

Montana (Wardlaw and Pecora, 1985; Key, 1987), was not observed
in the section.

However, Kauffman (1963) reported that the top

of the Amsden Formation in the Garnet Range-Bearmouth area
(correlative to the top of the Snowcrest Range Group)
"is marked by a 10-foot zone of limestone pebble
conglomerate and limestone concretions in a tan to
red calcareous matrix.

This unit is overlain by

fine-grained, tan, calcareous sandstone, probably

marking the bottom of the Quadrant Formation"
(Kauffman, 1963, p. 10).

A similar limestone pebble conglomerate lithology is also
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described in Conover Ranch sections in the Tendoy Range (units 3,
5, and 10 of Conover Ranch type section, Wardlaw and Pecora, 1985)
and the Snowcrest Range (quartz arenite-limestone conglomerate
unit of Key, 1987).

Thus, the limestone conglomerate observed by

Kauffman beneath the Quadrant Formation in the thesis area could
be correlative with these Conover Ranch deposits described in
southwest Montana.

The non-recognition of the Conover Ranch

Formation in the thesis section could be the result of cover,
tectonic elimination, or, most probably, the discontinuous outcrop
pattern characteristic of the formation (Wardlaw and Pecora,
1985).

FOSSILS AND AGE

The only fossils recovered from the Snowcrest Range Group
in the thesis area are conodonts in one sample (USGS 29783-Pc)
collected from limestone float in the interval assigned to the
Lombard Limestone.

Those conodonts (Cavusgnathus sp.) indicate

a composite zone 21 age (late Meramecian-Chesterian), which is
the same age as the base of the Lombard Limestone in the Tendoy
Mountains.

These conodonts were also assigned a conodont
color-alteration index of 2.0.

Epstein and others (1977)

established the conodont color-alteration index (CAl) as a
measure of organic metamorphism and provided the experimental

and field data to calibrate and substantiate conodont color
alteration in the range of 50°to 300°C.

Because conodont elements

94

contain trace amounts of organic matter, they undergo visible
changes in color from pale yellow to black with increasing
temperature as a result of a carbon-fixing process in the range of
0
0
50 to 300 C.

0
Above 400 C, conodonts change from black to gray to

opaque white, and finally to crystal clear as a result of carbon
loss, release of water of crystallization, and recrystallization.

Each visible color change has been assigned a CAl number, which
includes 1 (pale yellow), 2 (brown to dark brown), 5 (black), 6
(gray), and 8 (crystal clear).

The low surface-outcrop value (CAl2.0) indicates that the
host rocks have had a low thermal history and have never been
very deeply buried (Sweet et al., 1981).

Since a CAl value of

2.0 is slightly below the upper thermal limit for most commercial

oil generation and preservation (Wardlaw and Harris, 1984), any
organic material incorporated in these rocks would probably not
have achieved thermal maturity with respect to oil.

DEPOSITIONAL ENVIRONMENT

The lack of Lombard outcrop in the thesis area precludes any
interpretation of its depositional environment.

The Lombard(?)

intrapeisparite float probably represents shallow-water carbonate
deposition in possibly a lagoonal environment.
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QUADRANT SANDSTONE

INTRODUCTION

The Quadrant quartzite (Formation) was originally named by
Iddings and Weed during a ten year (1883-1893) geological survey
of Yellowstone National Park.

In their subsequent report, which

was not published until 1899, they designated "Quadrant Mountain
in the Gallatin Range" as the type locality for the "Quadrant."
The unit contained "...a variable sequence of sandstone, shale,

and limestone" and was considered to represent both Mississippian
and Pennsylvanian strata.

Subsequent usage has extended the name over most of Montana
for sandstones of Pennsylvanian age between the Amsden Formation
and the Phosphoria Formation.

The Quadrant Formation in

southwestern Montana straddles the Mississippian-Pennsylvanian
boundary in its lowermost beds (Wardlaw and Pecora, 1985).

This

age relationship appears to be a localized occurrence, however,
and could be explained if the Quadrant Formation represents a
west-to-east diachronous deposit.

The Quadrant Formation in

southwest Montana is a resistant unit of brown quartz sandstone
and minor carbonate beds situated between the Conover Ranch
Formation and the Phosphoria Formation; it is interpreted to
represent deposition in a marginal marine, littoral to neritic
environment (Key, 1987).

The Quadrant Sandstone is one of the better exposed markers
in the thesis area.

The Quadrant tends to be very resistant
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and generally crops out as significant ridges, hogbacks, and
cuestas above the very much less resistant red Kibbey slopes.
The lower part of the formation, the total thickness of which was
not measured in this study, is primarily composed of poorly bedded
to massive, very fine- to fine-grained, grayish orange quartz
arenite.

The highly indurated sandstones weather to pale

yellowish brown rough angular surfaces spotted by black lichen.

The lower contact, although covered, is presumably conformable
and gradational with the underlying Lombard Limestone.

L ITI-TOLOGY

The lowest 86 feet of the Quadrant Sandstone are covered by
grayish orange sandstone float.

Petrographic analysis of the

sandstone reveals that it is a very fine-grained, well sorted,
carbonate-cemented quartz arenite (Fig. 21).

Detrital quartz

grains account for 95 percent of the framework clasts.

The

angular to well rounded, mainly subangular quartz grains range
in size from 0.3 mm (medium sand) to 0.015 mm (medium silt) in
diameter.

The larger grains tend to be well rounded while the

finer grains are more angular.

Very fine sand size

monocrystalline grains predominate, with an average diameter of
0.11 mm.

Subangular detrital chert grains account for

approximately five percent of the clasts.

Well-rounded accessory

minerals compose less than one percent of the framework grains and
include zircon, tourrnaline, magnetite, and brown hornblende.

The dolomite and calcite cements are generally finely

97

Figure 21.
Photomicrograph of well-sorted, subangular to
subrounded, quartzose Quadrant sand surrounded by carbonate
cement.
Sample PSI4O, unit 151, Quadrant Sandstone.
Magnification LOX, crossed nichols, FOV = 1.31 mm.
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crystalline and have precipitated as distinct, rhombohedral
crystals in the pore spaces between the framework grains.

The

quartz sand grains show local etching or embayments which indicate
solution and replacement of the quartz.

The dolomite is

considered to be a post-depositional diagenetic cement.
The middle part of the Quadrant Sandstone is also a quartz
arenite, but it is more resistant in as much as it consists almost
entirely of quartz.

Rounding of the grains is difficult to

assess because the effects of compaction and quartz cementation
have obscured the original grains.

The irregular grain boundaries

probably resulted from pressure and dissolution between detrital
grains, because no quartz overgrowths are discernible.

The

tuineralogically mature rock contains more than 99 percent quartz

grains which range in diameter from 0.03 to 0.15 mm.

Minor

accessory minerals include zircon, magnetite, and possible
hornblende.

Since the well-sorted sandstone contains less than

one percent of clay, iron oxide, and chalcedony, it is a
texturally mature sedimentary rock (Pettijohn et al., 1972).

Earlier classifications would have named this sandstone an
orthoquartzite.

FOSSILS AND AGE

No fossils were recognized in the lower Quadrant Sandstone
in the Garnet Range-Bearmouth area.

Beyond the thesis area,

the Quadrant Sandstone has been assigned a Pennsylvanian (late

Atokan to Desmoinesian) age on the basis of fusulinids (Thompson
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In the

and Scott, 1941) and other foraminifera (Henbest, 1956).

Tendoy Mountains in southwest Montana, however, Wardlaw and
Pecora (1985) recovered conodonts of latest Chesterian age from
the lower seven meters of the formation.

Although the lower

beds of the Quadrant Sandstone in the Tendoy Range are considered
to straddle the Mississippian-Pennsylvanian boundary, it is not

known whether or not this age assignment applies to the lower
Quadrant Sandstone exposed in the thesis area.

DEPOS ITIONAL ENVIRONMENT

The Quadrant Sandstone has been assigned a shallow nearshore
marine to neritic environment (Maughan, 1975; Smith and Gilmour,
1979) based on the rare occurrence of a marine fauna (Thompson and
Scott, 1941; Henbest, 1954; Wardlaw and Pecora, 1985).

Saperstone

and Ethridge (1984), however, concluded that on a local scale,

Quadrant deposition took place in a variety of nearshore and
non-marine environments.

Based primarily on sedimentary

structures observed in the field, they divided the Quadrant
Sandstone into a lower unit originally deposited in sandy
carbonate tidal flats, and an upper unit formed by eolian
deposition landward of the coastal carbonate environments.
In the thesis area, the extensive cover and lack of
sedimentary structures limit the precision with which a
depositional environment can be determined for the Quadrant
Sandstone.

Nevertheless, the dominance of well-sorted, clean,

detrital quartz grains is indicative of sands deposited in an
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agitated environment where the fine sand fraction (0.1-0.3 mm)
is selectively winnowed out, leaving behind both the coarser and
finer sizes (Pettijohn et al., 1972).

If the sediments are

marine, possible depositional environments for the sand grains
include bars, barrier islands, and beaches.
The absence of a marine fauna in the Quadrant Sandstone
allows for the possibility of eolian deposition of the sands.

The carbonate-cemented quartz arenite is mainly very fine grained
with a few medium-sand size grains, suggestive of a bimodal
texture.

The larger well-rounded quartz grains are surrounded

by smaller (and more angular) grains.

Although frosting of the

quartz grains is not evident, the bimodal texture, size grading,
and high percentage of quartz in the Quadrant quartz arenites is
characteristic of deposition in an eolian environment.

Thus, the

Quadrant Sandstone probably reflects deposition in a shallow
marine or eolian environment, or both.
The well sorted, well rounded, essentially monominerallic
and monocrystalline framework grains suggest that the sands were
derived from pre-existing sandstones and represent a multicycled
deposit.

The source for the Quadrant sands is believed to have

been from a rising land mass located to the west or northwest of
the thesis area.

Maughan (1975) suggests that a Middle Ordovician

(Chazy) sandstone found today in parts of Idaho, northeastern

Washington, British Columbia, and Alberta was the principal source
for the Quadrant sands.

Sand transport was driven north to south

(interpreted from eolian cross-bed measurements on Pennsylvanian
sandstones) by dry winds blowing from middle latitude high
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pressure belts toward equatorial areas of low pressure (Saperstone
and Ethridge, 1984).
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SEDIMENTATIONAL MODEL

A sedimentational model for the Mississippian Tendoy Group of
the Rattler Gulch section is shown diagramatically in Fig. 22.
This diagram schematically represents the depositional
environments of the formations of the Tendoy Group and is not
drawn to scale or intended as a cross-section.
The dark, silty, sparsely fossiliferous inicrite units of the

Paine Limestone were deposited in a deep, dysphotic, carbonate
basin.

These basinal sediments probably grade upsection into the

adjacent lower slope deposits of the lower member of the Middle
Canyon Formation.

The lower slope deposits typically consist of

dark, thin-bedded, cherty, spicule-rich fossiliferous micrite and
sparse biomicrite.

The presence of a translational slide within

the lower member of the Middle Canyon Formation helps to

distinguish the slope deposits from the lithologically similar
basinal Paine units.

The disruption and reorientation of sediment

into slides and chaotically deformed masses is very common on
continental slopes.

The probable source of the carbonate mud was

precipitation and sedimentation from the overlying water column
through inorganic and/or organic processes.

A prevalent sponge

community living on the slope provided the abundant sponge
spicules found in the lower member.

Transformation, solution,

and/or reprecipitation of the originally opaline spicules resulted
in the formation of ribbony chert beds and nodules interbedded
with the micrites.

The scattered shelly debris found in the Paine

Limestone and the lower member of the Middle Canyon Formation were
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anhyd rite

Figure 22.
Diagram showing the depositional environments
interpreted for the Tendoy Group in Rattler Gulch. This
figure is not to scale and is modified from Shinn (1983) and
Cook and Mullins (1983).

104

probably transported from contemporaneous shallow shelf
environments to the lower slope by storm events, tidal currents,
or mass transport processes (e.g., debris flows).
The middle member of the Middle Canyon Formation consists of
crinoidal debris flows deposited on the middle slope.

Since

crinoids thrive in agitated, well-oxygenated waters, it is
possible that crinoid community growth was enhanced at the
shelf-slope break, where nutrient supply is high and carbonate is
readily available from the open ocean (James and Mountjoy, 1983).
As the crinoids disarticulated and accumulated, they would
intermittently be set into motion on slopes of low relief and
of relatively low slope angles.

Several mechanisms that probably

would initiate mass flows or movements are:

(1) faulting along

fault scarps; (2) gravitational instabilities, caused by
depositional or diagenetic factors, acting on crinoid
accumulations; (3) storm-wave activity; (4) earthquake shocks; and
(5) tsunamis (Cook et al., 1972).

The upper slope deposits of the upper member of the Middle

Canyon Formation grade upsection into the thicker bedded open
shelf deposits of the lower Mission Canyon Limestone.

The

abundant, diverse, shelly marine fauna, generally muddy textures,
extensive bioturbation, light color, and variable bedding
thickness of the lower member of the Mission Canyon Limestone are
all diagnostic criteria of the middle shelf environment.

The

lower member was deposited in well-oxygenated, shallow marine
water of normal salinity which encouraged the growth of a diverse
shelly fauna, including echinoids, brachiopods, bryozoans,
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shallow-water corals and foraminifers, and mollusks.

As these

faunal constituents died and disarticulated, moderately energetic
waves and currents redistributed the bioclasts into broad,
sheet-like deposits.

Proliferation of the carbonate-secreting

organisms and production of additional carbonate detritus caused
upbuilding toward sea level.

Muddy carbonates were commonly

deposited in localized low places on the shelf to form mud-filled
depressions (Wilson and Jordan, 1983).

Interbedded with the open

marine deposits are dolomitic limestones, barren of fossils, which
are typical deposits of restricted subtidal shelf environments.
Restricted waters are commonly subjected to temperature extremes,

oxygen and nutrient depletion, and abnormal salinity, resulting in
a depleted fauna.

The restriction which reduced the normal wave

or current energy may have resulted from skeletal banks, oolitic
sand shoals, or from the dampening effect of vast expanses of
shallow water.

The open-shelf deposits are terminated upsection by
oosparites probably deposited as barrier bars, barrier islands, or
carbonate sand shoals.

Well-sorted, well-rounded, concentric

ooids formed in very shallow agitated waters on a carbonate shoal
or bank.

Upsection from the oolitic sand bodies was a sheltered

lagoon where the micritic, peloidal, burrowed and thinly
laminated, and sparsely fossiliferous sediments of the upper
member of the Mission Canyon Limestone were deposited.

An

evaporite-solution breccia in the upper member indicates that
evaporites formed in more restricted areas of the lagoon.

Probable tidal deltas, composed mainly of ooids, formed at tidal
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passes through the barrier island sands and transported ooids into
the lagoonal environments.

This Mississippian tidal-flat

environment probably resembled the modern tidal-flat complex, with
its intricate interweaving of sand shoals, tidal flats, and tidal
channels (Fig. 23).

The lagoonal deposits gradually merge upsection with the
intertidal to supratidal deposits of the McKenzie Canyon
Limestone.

Fenestral structures, intraclasts, an impoverished

fauna, anhydrite pseudomorphs, and an extensive evaporite-solution

breccia at the top of the formation are all characteristics of the
McKenzie Canyon supratidal environment.

The fenestral structures

formed in the supratidal sediments as a result of shrinkage and
expansion, gas bubble formation, or air escape during flooding.
The intraclasts were eroded from, and redeposited on, the
supratidal flats during storms.

The inferred arid environment and

high evaporation rates at the time of McKenzie Canyon deposition
resulted in the formation of hypersaline groundwaters and
authigenic evaporites.

Subsequent leaching of the evaporites

occurred when they were exposed to percolating meteoric waters of
low salinity.

Dissolution of the evaporites left no support for

the overlying sediments which subsided into the void created by
evaporite removal.

A thick evaporite-solution breccia at the top

of the McKenzie Canyon Limestone resulted from the collapse of
the carbonate beds.

As the seas regressed farther to the west,

the McKenzie Canyon deposits were subaerially exposed, resulting
in the development of a widespread karst.
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MODERN TIDAL FLAT COMPLEX
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Figure 23.
Plan view of the geometry of a modern tidal flat
complex. Note that tidal flats can be present both adjacent

to the land or in the lee of lime sand shoals (modified after
James, 1984).
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MISSISSIPPIAN hISTORY

The Antler orogeny (Late Devonian to Early Mississippian)

molded the structural pattern on the western margin of the North
American craton for Mississippian time.

The Antler was the second

orogeny to affect Mississippian North America, and it climaxed
while the Acadian orogeny on the eastern continental margin was
waning.

Deformation associated with an oceanic plate-continental

plate collision produced a submarine rise that divided the
foreland trough into two parts, a rapidly subsiding Antler
flysch-molasse trough adjacent to the uplifted Antler highlands,

and the Deseret starved basin along the carbonate platform
(Gutschick and Sandberg, 1983).

The Deseret starved basin covered

western Utah and extreme southeastern Idaho during the middle
Osagean.

North of the Deseret starved basin, the Antler trough

received sediments from the Antler highlands on the west and the
carbonate platform on the east (Fig. 1).

In western Montana and

east-central Idaho, flysch-trough sediments of the McGowan Creek
Formation were deposited adjacent to shelf margin carbonates of
the White Knob and Monroe Canyon Limestones (Rose, 1976).

The history of the thesis area begins at the Devonian
Carboniferous boundary, which has been dated radiometrically as
360 Ma (Harland et al., 1982) and, most recently, as 354 +10,
Ma (McKerrow et al., 1985).

-5

Uncertainty in the age of the

boundary is the result of a change in decay constants used for
K-Ar ages and the unreliability of biostratigraphic evidence now
used for positioning relevant radiometric samples.

Advances in
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technology and analytical skill in isotope geochemistry should
improve the time scale in the next few years.

An interval of continental stability began at the time of the
Devonian-Carboniferous boundary and lasted for approximately 3

m.y. during the times of the Siphonodella sulcata and Lower and
Upper S. duplicata conodont zones.

During this timespan, sea

level was at a lowstand, and the continental interior was
relatively stable.

Although no record of this interval was

preserved in Montana, the S. sulcata and Upper and Lower S.

duplicata Zones are documented in Wyoming by siltstone and silty
sandy carbonate rocks of the upper tongue of the Cottonwood Canyon
Member of the Madison Limestone (Sandberg et al., 1982).

The initial Antler allochthon, which later developed into the
Antler orogenic highlands, was near the continental margin during
the time of the Siphonodella sandbergi Zone (Fig. 24).

Units

deposited in the S. sandbergi Zone seaway include open-marine
siltstone, sandstone, and silty sandy carbonate rocks of the upper
tongue of the Cottonwood Canyon Member of the Lodgepole or Madison

Limestone, and possibly a large area of peritidal and supratidal
carbonate rocks assigned to the Madison Limestone in Wyoming
(Sandberg et al., 1982).

A major '19.5-m.y.-long transgressive-regressive marine cycle
began in the Lower Siphonodella crenulata Zone in conjunction with
the highland phase of the Antler orogeny.

This relation of the

timing of orogeny and eustatic changes is known as the Haug effect
(Johnson, 1971; 1972) which states that "times of orogeny are
times of transgression of epicontinental seas on the continental
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Figure 24.
Paleogeography and lithofacies (partly restored) of
middle Kinderhookiari rocks during formation of initial Antler
uplift at time of Siphonodella sandbergi conodont zone.
Columns to left and right of conodont zones are,
respectively, Mamet foram zones and Sando coral zones
(modified from Saadberg et al., 1982).
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interiors" (Johnson, 1971, P. 3292).

According to this effect,

orogeny, epeirogeny, and eustasy act in concert in response to the
same driving mechanism.

A major eustatic rise in sea level, resulting in rapid onlap
of the North American craton, initiated the Early to Late
Mississippian cycle.

In the western United States, this onlap is

evidenced by the basal bed of the Paine Member of the Lodgepole
Limestone and its equivalents.

At this time, basinal carbonates

of the Paine were being deposited throughout western Montana.

Although the Paine Limestone at Rattler Gulch contains no zonally
diagnostic fossils, its stratigraphic position beneath Middle

Canyon units of late Kinderhookian age, and its correlation
with Kinderhookian and Osagean Paine Limestone units in the Tendoy
Mountains, indicates that it is of Kinderhookian age.

Thus, by

the end of the Lower Siphonodella crenulata Zone, the seaway had
transgressed 125-300 km westward to fill the Antler trough and
cover the thesis area, and 300-600 km northeastward to the central
part of the Williston basin in North Dakota (Sandberg et al.,
1982).

By the beginning of the Siphonodella isosticha-Upper S.
crenulata Zone (Fig. 25), the sea covered all of the Great Basin,
Rocky Mountain, and Overthrust belt regions, except for the Antler
orogenic highlands, a highland on the west side of the

Transcontinental arch along the Colorado-Wyoming state line, and a
low island in the area of the ancestral Sevier uplift.

Also, a

small uplift may have formed south of the thesis area in the
southern Beaverhead Mountains.

Epeirogenic uplift of this area
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Figure 25. Paleogeography and lithofacies (partly restored) of
upper Kinderhookian rocks during the development of the
carbonate platform at the beginning of the Siphonodella
Columns to left and right
isosticha-Upper S. crenulata Zone.
of conodont zones are, respectively, Mamet foram zones and
Sando coral zones (modified after Sandberg et al., 1982).
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occurred in concert with Antler orogeny to the west and resulted
in westward shedding of calcareous turbidites into parts of the
Antler flysch-molasse trough.

Concurrent with this epeirogenic uplift, a carbonate platform
(lower dolomite member of the Madison Limestone and its
equivalents) was developing by progradation over southern Montana,
most of Wyoming, eastern Utah, and western Colorado.

The shelf

edge trended northeastward into southern Montana where it abruptly
turned eastward.

To the north and west of the shelf edge, a

foreslope inclined gently (<O°iO') into the moderately deep (100

meters), aerobic Paine basin, in which the Paine Member of the
Lodgepole Limestone and the Paine Limestone were deposited.

In

the Overthrust belt region along the Montana-Idaho state line,

north of the southern Beaverhead Mountains uplift, the Paine basin
plunged westward into the much deeper (1,000 meters initially)
Antler flysch-molasse trough (Sandberg et al., 1982).

The

position of the thesis area on the deeper western edge of the
Paine basin and its proximity to the flysch-molasse trough suggest
that the Paine Limestone in Rattler Gulch was deposited in waters
at least 100 meters deep.

By late Kinderhookian time, Paine deposition had ceased in
the thesis area and had been succeeded by carbonate slope deposits
of the Middle Canyon Formation.

Because the Paine-Middle Canyon

contact is older in the thesis area (composite zone 6) than in the

Tendoy Mountains (composite zone 9), Middle Canyon carbonate slope
deposition occurred in Rattler Gulch earlier than in the Tendoy
Range (Fig. 6).

By the time of the Lower Gnathodus typicus Zone,
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Paine deposition had ceased in all of Montana and the shelf edge
had retreated southeastward to a position south of Montana and
well east of the present Overthrust belt (Sandberg et al., 1982).
Continued uplift in the Antler orogenic belt, following
emplacement of the Roberts Mountains allochthon, produced a
clastic wedge in the subsiding and widening Antler flysch-molasse
trough.

In Montana, Wyoming, southeastern Idaho, and northern

Utah, shallow slope and basinal limestones of the Woodhurst Member
of the Lodgepole Limestone were deposited on a carbonate ramp that
inclined gently from an indistinct shelf edge to the toe of the
slope on the east side of the flysch-molasse trough (Fig. 26).
The absence of the Woodhurst Member in the thesis area and
the Tendoy Mountains indicates that the carbonate ramp did not
extend into westernmost Montana.

Instead, the Lower G. typicus

Zone in these areas is documented by slope deposits of the
Middle Canyon Formation.

A further constraint on the ramp-slope

boundary is provided by Mississippian exposures in Princeton
A

Gulch, located approximately 20 miles south of the thesis area.
rough section measured by W. J. Sando, W. J. Perry, and
R. C. Schneider (1986) in Princeton Gulch (SE SE 1/4, sec. 24,
T. 8 N., R. 13 W., Maxville 7.5' quadrangle, Granite County,

Montana) has been tentatively dated on the basis of conodonts and
foraminifers by C. A. Sandberg and B. L. Mainet, respectively.

The

Princeton Gulch section indicates that during the Gnathodus
typicus Zone, ramp carbonates of the Woodhurst Member were
deposited at Princeton Gulch at the same time slope carbonates of
the Middle Canyon Formation were deposited at Rattler Gulch; the
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Figure 26. Paleogeography and lithofacies (partly restored) of
lower Osagean rocks during development of the Woodhurst
carbonate ramp at the time of the Lower Gnathodus typicus
conodont zone.
Columns to left and right of conodont zones
are, respectively, Mainet foram zones and Sando coral zones
(modified after Sandberg et al., 1982).
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Middle Canyon Formation was completely absent from the Princeton
Gulch section.

Thus, the transition from ramp to slope carbonate

deposition in early Osagean time was located in close proximity to
the Garnet Range-Bearmouth area in western Montana.

A considerable westward progradation of the northern part of
the shelf edge occurred during the Upper Gnathodus typicus Zone
and continued through the Scaliognathus anchoralis-Dolignathus
latus Zone.

This progradation decreased the distance between the

shelf edge and the toe of the slope, resulting in the development
of a foreslope which replaced the previously widespread carbonate
ramp.

Since the shoreline did not shift eastward at this time,

deepening of the sea was of tectonic, not eustatic, origin
(Sandberg et al., 1982).

In the thesis area, the Mission Canyon Limestone platform
carbonates had prograded over the slope carbonates of the Middle
Canyon Formation by the time of the Upper Gnathodus typicus Zone.
This progradation resulted from carbonate production keeping pace
with rising sea level and subsidence rates.

As the carbonate

sediments accumulated up to the approximate sea level, any
additional carbonate detritus was distributed laterally by
currents and storms, eventually building a broad, very shallow
submarine plain (Rose, 1976).

The Middle Canyon-Mission Canyon

contact is slightly older in Rattler Gulch (composite zone
9/10 boundary) than in the Tendoy Mountains (composite zone 10/li

boundary), indicating that progadation of the platform carbonate
rocks reached the thesis area before it did the Tendoy Range.
During the Scaliognathus anchoralis-Dolignathus latus Zone,
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the Early to Late Mississippian eustatic cycle was affected by a
second and greater transgression.

As sea level rose, the

carbonate platform spread over most of southern North America, and

the shelf edge of the carbonate platform prograded 5 to 100 km
west of its earlier position (Fig. 27).

Widespread breaching of

the Transcontinental arch at this time allowed for good

circulation in the Madison epicontinental sea and the deposition
of a thick sequence of massive carbonate rocks on the platform
(i.e., the Mission Canyon Limestone and its equivalents).

At

Rattler Gulch, the S. anchoralis-D. latus Zone is characterized by
shallow-water oolitic deposits.

The shallowing-upward sequence of

the Mission Canyon Limestone in the thesis area reflects the
westward progradation of the carbonate platform.

The Early to Late Mississippian cycle closed with a major
regression.

Although the timing of this regression is poorly

constrained, the carbonate platform that had covered the western
part of the North American craton had been transformed into a

broad karst plain by the middle of composite zone 14 (Upper
Gnathodus texanus Zone, Namet zone 12).

At this time, the

shoreline had retreated westward and the subaerially exposed

Madison carbonate plain was bordered seaward by a marginal sabkha
(Fig. 28; Sando, 1988).

The sabkha is documented in western

Montana by the McKenzie Canyon Limestone of Rattler Gulch and the
Tendoy Mountains.

Additionally, the Haystack Peak section in

extreme west-central Wyoming (Sando and Dutro, 1960) may also
represent an interval of supratidal deposition at this time.
this locality, a thick carbonate breccia, similar to the

At
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Figure 27. Paleogeography and lithofacies (partly restored) of
middle Osagean rocks during a major transgression in the
middle of the Scaliognathus anchoralis-Dolignathus latus
conodont zone. Columns to left and right of conodont zones
are, respectively, Mamet foram zones and Sando coral zones
(modified after Sandberg et al., 1982).

122
Lowlr

106

1/i > to G,,aihodus texanus

-Ocs
+#v13.5 m.

Scaliognathsu

z

anchoraJjz-

z9

THESIS

Mssio

AREA

D&iogna:hus 1atu

C,.nyon Ls

In

0

Uppir G. ,ypicvs

Low., G. lypicus

7

Platform carbonate and
evaporite rocks

No dala

'

To. of

a\\

A.

1opi

\ \ \\
V

"

McGowan

/
I

\

A

OCEAN

dUty t
%

\

8ASN

q%c?_

NEVADA

A.
-

Platform carbonate
and
evaporite rocks

cf1

\.

/
1/-

I

C4C

0
U-

U.

-J

I

LU

I-

U,

&

-J
a.

A

A/

/
38

1c5

/

pFrn

'

/

¼

/;'

I
I

£.j,

7y,,/

/

LeaøviIIe
La

LeaIie I

p4

Ls
C

,

7

ii

-

.1

membeq of
Limestone

Mad'sc

2

,A A

- WVOM*4G

-, ,'-

S

9ASNAL;

MONTANA

--

\c.

o dusk

h

j

--

c

///

////////;
''0 *'LC.((S'

,.,

00

CUP)?

--

--

Ls

Figure 27.

ARIZ 6NA

ir

I NEW MEXICO

123

O5

10

THESIS

AREA

MADISON PLAIN

(Sando, 1988)
o
0

50

100

1(

200 Mes
200 KIov,ete15

Figure 28. Paleogeographic map prior to Amsden-Big Snowy
transgression (middle composite zone 14, about 345 Ma). The
subaerially exposed Madison carbonate plain is bordered
seaward by a marginal sabkha. The arid climate resulted in a
poorly developed river system (modified after Sando, 1988).
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evaporite-solution breccia of the McKenzie Canyon Limestone at
Rattler Gulch, overlies the Mission Canyon Limestone.
The shoreline must have regressed westward to a position near
the Rattler Gulch area by the time of composite zone 14 (Mamet
zone 12).

In the thesis area, lagoonal Mission Canyon deposits of

middle(?) composite zone 13 are overlain by unzoned (probable
composite zone 13 and 14) intertidal to supratidal deposits of the
McKenzie Canyon Limestone (Fig. 6).

With further regression of

sea level, the shoreline reached the Tendoy Mountains about the
time of the composite zone 13/14 boundary.

Although the Tendoy

section records continuous carbonate deposition from the Paine
Limestone to the initial deposits of the Kibbey Sandstone, a
disconformity is interpreted to exist at the McKenzie
Canyon-Kibbey contact in Rattler Gulch. As the seas continued to
regress westward during the Upper Gnathodus texanus zone, the
sabkha deposits at Rattler Gulch were subaerially exposed for a
short time (probably 1-2 m.y.).

Consequent intensive solution of

the carbonate and evaporite bedrock produced the karst facies
(e.g., paleosurface with variable relief, sinkholes,
evaporite-solution breccias, etc.) observed at the top of the
McKenzie Canyon Limestone.
The next major transgression of the sea onto the northern
Madison plain began during late Meramecian time (Fig. 29).
Because the Amsden-Big Snowy transgression began at the western
edge of the Madison shelf and proceeded eastward, the western part
of the karst plain was subaerially exposed for the shortest
interval of time, and eastern parts of the plain were exposed to
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(Sando, 1988)
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Figure 29. Paleogeographic map at about 341 Ma (late
Meramecian) showing progressive distributions of beach and

bar fades and tidal flat and lagoon facies directly
overlying paleokarst bedrock (Sando, 1988).
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erosion for progressively longer intervals of time (Sando, 1988).
Likewise, marginal sediments of the Kibbey Sandstone were
initially deposited in western Montana and later to the east.
In southwest Montana, the basal sediments of this
transgressive sequence are documented by the Kibbey Sandstone of
the Big Snowy or Snowcrest Range Groups, whereas in western

Wyoming, the initial deposits are the Darwin sands of the Amsden
Formation.

The Darwin rests disconformably on the Bull Ridge and

Little Tongue Members of the Madison Limestone (Fig. 6).

The

Kibbey Sandstone rests disconformably on the Tendoy and Madison
Groups in Montana and Wyoming, except in the Tendoy Range where it
rests conformably on the McKenzie Canyon Limestone.

The Kibbey

Sandstone and Kibbey Formation of southwest Montana consist of red
shale, siltstone, fine sand, and minor evaporite deposited in
tidal flats and lagoons during the time of Mamet zone 13
(composite zones 15 and 16).

As the Amsden-Big Snowy

transgression proceeded from late Meramecian into Morrowan
(Pennsylvanian) time, Kibbey sediments covered most of the

karstified surface of the McKenzie Canyon Limestone and Madison
Limestone in Montana.

In Wyoming, diachronous beach and bar sand

deposits of the Darwin Sandstone resulted from the extensive
development of rivers flowing westward from the Transcontinental
arch.

The large amounts of quartz detritus in the Kibbey and

Darwin sands were derived from erosion of this highland area of
multicyclic lower Paleozoic sandstone and Precambrian crystalline
rocks in southeast Wyoming and Nebraska (Sando, 1988).

As the transgression continued and the seas deepened, the
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siliciclastic Kibbey tidal flat and shoreface deposits continued
to develop and migrate northeastward.

The deeper and cleaner

waters in late Meramecian time encouraged the deposition of
shallow-water carbonates of the Lombard Limestone.

The gray silty

micrite and biomicrite of the Lombard Limestone documented in
Rattler Gulch, the Tendoy Mountains, and the Snowcrest Range were
deposited in slightly deeper and clearer water than the sediments
of the Kibbey Sandstone (Sando et al., 1985).

During Morrowan time, a rising land source developed in
north-central Idaho from which clastic sediments were shed east
onto the western margin of the northern Cordilleran platform.

The

initial sands deposited from this uplift are preserved in the
Quadrant Sandstone in western Montana.

At approximately the same

time in central Montana, a slow westward regression of the sea
began and persisted until the Late Pennsylvanian.

As the sea

slowly regressed, it is possible that the environmental conditions
became favorable for post-depositional dolomitization processes to
occur within the dolomitic sandstones of the Quadrant Sandstone
(Key, 1987).

In summary, the Mississippian sequence at Rattler Gulch
consists of a major Early to Late Mississippian transgressiveregressive cycle exemplified by the Tendoy Group, and a less
extensive Late Mississippian-Early Pennsylvanian
transgressive-regressive cycle recorded by the Snowcrest Range
Group and the Quadrant Sandstone.

These distinct marine cycles

were separated by a brief period of subaerial exposure.

Although

the first eustatic cycle was related to events of the Antler
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orogeny, it is not known whether or not the Late Mississippian-

Early Pennsylvanian cycle correlates to the "worldwide" Late
Paleozoic transgressive-regressive events documented by Ross and
Ross (1985).
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CONCLUSIONS

The Mississippian sequence at Rattler Gulch provides
significant information for the development of the Mississippian
paleogeographic model of the Overthrust belt region.

The geologic

history interpreted for the Rattler Gulch section consiStS of two

eustatic (transgressive-regressive marine) cycles separated by an
interval of subaerial exposure and conforms well to the regional
Mississippian geologic history as proposed by Sandberg and others
(1982) and Sando (1988).

The precise biozonation and western

location of the thesis section will aid future correlations and
refinements of the paleogeographic model in western Montana, an
area where Mississippian rocks are in places scarce, tectonically
deformed, or entirely lacking.

The Rattler Gulch section is most similar to the
uninterrupted Mississippian sequence in the Tendoy Mountains,
Montana, as described by Sando and others (1985).

However, the

Tendoy Group exposures at Rattler Gulch are older, and must
have occupied a position closer to the Transcontinental arch,
i.e., farther to the east, during the Mississippian.

Furthermore,

the interpretation of a karst facies at the top of the McKenzie

Canyon Limestone in Rattler Gulch indicates the presence of a
disconformity in the section.

This karst facies is considered to

correlate to the regional karst plain which formed in the upper

400 feet of the Madison Limestone in Wyoming and adjacent states
following a major regression in the Late Mississippian.

The

documentation of this event in the thesis area constrains the
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position of the shoreline in western Montana during middle
Meramecian time.

Further study of Mississippian exposures in

western Montana would better define the position of the middle
Meramecian shoreline, the Middle Canyon slope-Woodhurst ramp
transition, and the extent and thickness of the Snowcrest Range
Group.
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APPENDIX A

RATTLER GULCH SECTION

Terminal Point:
NE 1/4, SW 1/4, NE 1/4, sec. 9, T. 11 N.,
R. 13 W., Drutmaond 1.5 minute quadrangle, Granite County,
Montana. On west side of Rattler Gulch, elevation about
4700 feet.
NOTE:

In the following descriptions, S designates a rock
sample (e.g., S72), PS designates a rock sample collected
for petrographic study, C designates a conodont sample,
and F designates a megafossil sample (corals and/or
brachiopods).
Unit
Thickness
(feet)

QUADRANT SANDSTONE (incomplete)
152) Quartzite: very fine- to fine-grained;
like unit 151 but very well indurated
and a significant ridge-former; massive;
weathers to rough angular surfaces.
PSl4l from base

10.0

151) Quartz arenite: very fine- to finegrained; grayish orange, weathering
pale yellowish brown; slope-former;
unit is 95% covered with flaggy
quartz arenite float. PS14O 43 ft
above base

86.0

TOTAL MEASURED PART OF QUADRANT SANDSTONE

96.0

Contact - Quadrant Sandstone/Lombard Limestone:
the contact,
completely covered, is placed where Quadrant Sandstone
float first appears and there is a subtle increase in the
steepness of slope. No evidence was observed for the
Conover Ranch Formation.

142

LOMBARD LIMESTONE

150) Covered: scattered float and a single
limited Lombard(?) outcrop indicate a
medium gray, weathering medium light
gray micrite commonly exhibiting a
bird's-eye texture; the unit occupies
a stream depression. PS138 from float
20 ft above base, PS139 and C27 10 ft
above base

47.0

TOTAL LOMBARD LIMESTONE

47.0

Contact - Lombard Limestone/Kibbey Sandstone:
the contact,
completely covered, is placed where Lombard Limestone
float, dug up talus, and rocks in tree roots are
first observed among the Kibbey Sandstone float.
KIBBEY SANDSTONE
149) Covered: abundant float like unit 147
with minor (5%) float like unit 150

69.0

148) Covered: abundant float like unit 147

10.0

147) Quartz siltetone and quartz sandstone:
pale reddish brown, weathering
moderate reddish brown; very finegrained and calcareous; very
strong thickly laminated to flaggy
parting; slope-former about 40% covered
on the nose of the slope and completely
covered elsewhere; beds 1-1.3 ft thick,
bedding planes poorly defined; finely
laminated, tightly cemented, no veining,
fairly smooth weathered surface; rare
gray micrite float diminishes upsection.
PS136 from base, S137 5 ft below top

46.8

146) Covered: abundant flaggy float like unit
147 and minor light gray micrite float

12.9

145) Covered: abundant flaggy float of three
main types: 1) limestone breccia like unit
139; 2) limestone breccia like unit 142;
and 3) medium gray, weathering medium
light gray bird's-eye micrite from the
McKenzie Canyon Limestone(?)

23.0

144) Covered: red soil, float, and widely
scattered outcrops all resemble units
142 and 143

25.0

TOTAL KIBBEY SANDSTONE

186.7

143

Contact - Kibbey Sandstone/McKenzie Canyon Limestone:
A karst contact with 15-20 ft of erosional relief
on the paleosurface; sinkholes and caverns are
evident, some filled with thinly bedded, reddishstained sandstones and siltstones.
MCKENZIE CANYON LIMESTONE
143) Carbonate breccia: like unit 142, but better
cemented, is a subdued ridge-former, and
contains larger clasts up to 1 ft wide;
clasts are generally angular gray micrite
and siltstone in a reddish-stained
calcareous siltstone matrix; several
irregular pockets of thinly bedded,
gently warped, tan micrite or red-stained
calcareous siltstone; bedding contacts
are very irregular

61

142) Carbonate breccia: dark reddish brown, calcareous, finely laminated; angular
siltstone clasts in a matrix of dark
reddish brown calcareous siltstone
weathering to same color; clasts up to
1 inch in diameter, average 0.25 inches;
poorly cemented, slope-former, and 907.
or more covered with soil and float of
unit

..

141) Micrite: yellowish gray to moderate
reddish orange, weathering medium light
gray; appears to be a single bed; wellcemented; subdued ridge-former; sharp
and planar bedding contacts; spotty red
hematite(?) staining; minor fracturing
and calcite veining. S134 and PS135
140) Carbonate breccia: pale reddish brown,
weathering grayish red; angular to
subangular siltstone clasts in a
matrix of dark reddish brown
calcareous siltstone; abundant
spar-filled voids and fractures
cement the c].asts; slope-former,
about 907. covered; PS132 and Sl33
2 ft below top
NOTE:

16.9

10

23.1

Units l39A and 139B are located about 200 ft uphill
from the line of section and 49-58 ft downsection
from the Kibbey/McKenzie Canyon contact; these units
are situated within the carbonate breccia (unit 139)
and locally appear unaffected by the brecciation.

144

139B) Micrite: light olive gray, weathering
light medium gray; poorly bedded,
highly fractured and calcite veined;
ridge-former. PS131 middle of unit

(2.0)

139A) Micrite: dark gray, weathering medium
light gray; beds 1-2 ft thick,
bedding planes poorly defined; faint
bird's-eye texture; irregular contact
with unit 139; no chert; highly
calcite veined; ridge-former. PS13O
and C26 1 ft below top

(7.0)

139) Carbonate breccia: poorly to wellcemented breccia containing angular
clasts of micritic limestone 0.1
inch to 1 ft in width, averaging
1 inch; matrix is fine-grained
orange- and red-stained calcareous
siltstone and micrite. Solution
features are abundant, including
sinkholes filled with very wellbedded and thinly bedded micrite
and reddish siltstone; the sinkholes
range in width from 6 in. to 20 ft.
The beds dip from horizontal to
vertical, range in thickness from
0.1-7 inches, and locally display
normal grading; prominent ridge-former.
PS127 10 ft above base, PS128 and
PS252 12 ft above base, and PS129
top of unit

76.6

138) Micrite: olive gray, weathering medium
light gray; beds 2-5 ft thick, bedding
planes poorly defined; very irregular
contact with unit 139; prominent ridgeformer. PS126 3 ft above base

12.3

137) Micrite: grayish orange pink, weathering
pinkish gray; recrystallized, well
cemented; moderately fractured; very
irregular contact with unit 138; 5%
or less black chert as stringers and
blebs, some of which follow bedding and
some are contorted; faintly laminated;
ridge-former. 5125 middle of unit

1 1
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136) Dolomitic limestone: medium light gray,
weathering light olive gray; finegrained; beds about 1.5 ft thick and
very poorly defined; very highly
fractured with thickly laminated to
flaggy parting; about 4% black chert
beds and ribbons generally aligned
with bedding; karst sinkholes,
fissures, and calcite veining occur
throughout the unit; contact with unit
135 is very irregular, contact with
unit 137 appears to be a bedding plane;
faintly laminated; significant
ridge-former. PS123 middle of unit,
S124 top of unit

7 6

135) Carbonate breccia: well-cemented; clasts
consist of light gray micrite, white
calcite, pink sparite, and rare black
chert in a pinkish-stained micritic
matrix. Clasts average 1 inch in
diameter with the chert clasts usually
0.1 inch or less in diameter; the
contact with unit 136 is very irregular;
ridge-former. PS121 base of unit, Sl22
2 ft above base

18.3

134) Covered: minor float, most like unit 131
but more highly calcite veined and
reddish stained

26.4

133) Micrite: olive gray, weathering medium
light gray; beds about 2 ft thick
and poorly defined; like unit 131 but
contains pervasive spar-filled voids;
locally a ridge-former; sharp and planar
contacts with adjacent units. PSII7 and
Sll8 base of unit, PSll9 3 ft above
base, PS12O and C25 top 1 ft of unit
132) Covered: minor float like units 131 and 132
with rare float like unit 135 in the top
22 ft, then minor float like unit 131 in
the basal 28 ft
TOTAL MCKENZIE CANYON LIMESTONE
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50.0
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Contact - McKenzie Canyon Limestone/Mission Canyon Limestone:
The contact is completely covered but is considered to
be conformable.
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MISSION CANYON LIMESTONE
131) Sparite: light olive gray, weathering
medium light gray; beds 6-12 inches
thick; very faintly laminated; about
5% chert as stringers and ribbons 2
inches wide; minor flaggy parting;
tightly cemented; significant
ridge-former. PS115 and S116 (chert)
middle of unit, C24 top 1 ft

49

130) Dolomitic micrite: resembles unit 129,
but is a subdued ridge-former, contains
slightly more chert, and is faintly
laminated. PS114 middle of unit

29

129) Micrite: olive gray, weathering medium
light gray; beds 1.5-3 ft thick,
moderately well defined; about 15%
olive gray chert weathering yellowish
gray as ribbons up to 1.5 inches wide;
planar contact with unit 130, slopeformer. PSll3 middle of unit

70

128) Sparse biomicrite: olive gray, weathering
medium gray; beds 1.5-2 ft thick,
bedding planes fairly well defined;
about 3% olive gray chert ribbons and
stringers weathering in relief to
yellowish gray; tightly cemented;
planar contacts with adjacent units;
significant ridge-former. PS1I2 3 ft
above base and C23 2 ft above base

127) Covered: some float like unit 128
126) Dolomite: fine-grained; resembles unit

112. PS1II

57
85
16

125) Covered: scattered float like adjacent
units

23

124) Oosparite: resembles unit 122

35

123) Covered: float like unit 125

73
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122) Oosparite: olive gray, weathering medium
light gray; beds 1-1.5 ft thick; 5% or
less chert as nodules 0.25-0.5 inches in
diameter; scattered crinoid debris more
concentrated toward the center of the
unit; slope-former, mostly covered.
PSIO8 base, PS1O9 middle, and PS11O
top of unit, C22 basal 3 ft
121) Covered: abundant float like units 112
and 120 with some medium-grained
encrinites containing rare small (1-cm
wide) brachiopods; karst breccia
blocks from unit 115 in the basal 10 ft

71

17.4

120) Sparse biomicrite: medium gray, weathering
light olive gray; unit appears to be one
bed; about 5% medium gray, weathering
yellowish gray chert as stringers, blebs,
and ribbons aligned with bedding; unit
grades coarser toward the middle;
significant ridge-former; rare foraminifera. PS1O4 and S105 top, S107 middle,
PS1O6 base, and C2l top 1 ft

5.0

119) Sparse biomicrite: light gray, weathering
light olive gray; unit appears to be a
single bed; strong flaggy parting, slopeformer; planar bedding contacts with
adjacent units; rare foraminifera. PS1O2
and S103 middle of unit

3 4

118) Dismicrite: like unit 116 but slightly
more resistant; massive; unit is
highly fractured and appears to be
a single bed. S101

2.6

117) Dismicrite: like unit 116, but slightly
less resistant, is a less prominent
ridge-former, and has more pronounced
flaggy parting; beds 1-2 ft thick,
bedding planes poorly defined

51

116) Dismicrite: medium gray, weathering medium
light gray; unit appears to be a single
bed; tightly cemented; irregular contact
with unit 115 and planar contact with
unit 117; significant ridge-former. PS99
base, PSIOO top of unit

4 9

115) Carbonate breccia: resembles unit 110

9 2
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114) Dolomite: fine-grained; like unit 112, but
has more chert (about 30%), calcite
veining, and fracturing; beds average
0.9 ft thick

2 5

113) Poorly washed biosparite: olive gray,
weathering light olive gray; unit
appears to be a single bed; contacts
with adjacent units are sharp and planar;
well-cemented; ridge-former. PS98 and C20

10

112) Dolomitic sparite: light brownish
gray, weathering light olive gray; beds
about 0.5-0.7 inches thick, bedding
planes well defined; 3% or less dark
gray chert as blebs 1-2 cm wide; planar
bedding contact with unit 113; flaggy
parting, slope-former. PS97

33

111) Sparite: light olive gray Co olive gray,
weathering light olive gray; unit appears
to be a single bed; fine-grained, faintly
laminated, flaggy parting, slope-former;
unit ill may have undergone some collapse
within the carbonate breccia which
irregularly surrounds it. PS96

10

110) Carbonate breccia: angular clasts 0.1-12 in.
in diameter of fine-grained sparite like
units 106, 111, and 112, with minor black
chert fragments and nodules in a moderate
reddish orange-stained, micritic matrix;
angular chert fragments range from 0.1-12
inches in diameter and rounded nodules are
up to 6 inches in diameter; poorly
cemented; prominent ridge-former; irregular
contacts with adjacent units; several
5 inch thick sparry calcite veins cut
18.9

the unit

109) Covered: abundant float like units 110 and
106

NOTE:

.

22.5

I offset N85W along strike across the road and
about 150 ft up the east side of Rattler Gulch in
order to take advantage of better rock exposures.
I continued the line of section along the east side
of Rattler Gulch.
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108) Oosparite: medium gray, weathering light
olive gray; beds range from 2-5 ft thick,
bedding planes poorly defined; unit
grades coarser in the top 3 ft;
weak flaggy parting; extensive sparry
calcite veining; prominent ridge-former.
PS92 base, PS93 6 ft above base, S94
11 ft above base, PS95 top, Cl9 7 ft
above base

..1.4.7

107) Packed biomicrite (encrinite): like unit
105, but is more calcite-veined and a
slope-former; gradational contact with
unit 106 and a planar bedding contact
with unit 108. PS91 base of unit

10

106) Sparite: light gray, weathering light gray,
white, and yellowish gray; unit appears
to be a single bed; similar to unit 99;
moderate flaggy parting, moderately wel1
cemented, flaggy parting, slope-former;
1-cm wide gradational contact with unit
107. PS89 base, S90 top of unit

18

105) Oosparite: medium gray, weathering medium
light gray; unit appears to be a single
bed; contacts with adjacent units are
poorly defined but appear planar; subdued
ridge-former. PS88

1 9

104) Oosparite: medium gray, weathering medium
light gray; beds 3-5 ft thick, bedding
planes poorly defined; very homogeneous
unit; prominent ridge-former; contact
with unit 105 is sharp. PS87 and Cl8 1
ft below top

10.0

103) Oosparite: medium gray, weathering medium
light gray; unit appears to be a single
bed; massive; sharp and planar contacts
with adjacent units; well-cemented;
prominent ridge-former. PS86 middle of
unit

28

150

102) Oosparite: medium gray, weathering medium
light gray; beds roughly 7 ft thick,
bedding planes poorly defined; unit
grades slightly coarser upsection;
tightly cemented; very prominent
ridge-former; contact with unit 101
is gradational over several inches,
and the contact with unit 103 is
relatively planar and appears to be a
bedding plane; this unit has been
quarried. PS8I base, PS82 7 ft above
base, S83 15 ft above base, PS84 19 ft
above base, PS85 top, and C17 16 ft
above base
101) Dolomitic biopeisparite: medium light
gray, weathering light olive gray; beds
1-1.5 ft thick, bedding planes moderately well defined; weak flaggy parting;
well-cemented, ridge-former; contact with
unit 102 is gradational over 4 inches and
is irregular; this unit has been quarried.
PS79 and S80 1 ft above base
100) Dolomitic biopeisparite: medium-grained;
medium light gray, weathering light olive
gray; unit appears to be a single bed; about
20% scattered crinoid debris; well-cemented,
strong flaggy parting; forms a slight
depression on a ridge and is about 70%
covered with talus, float, and woody debris;
contact with unit 101 appears sharp and
planar. PS77 and S78 base, PS78A top, and
C16 unit 100/unit 99 contact

99) Dolomitic sparite: light gray, weathering
light olive gray; unit appears to be a
single bed; like unit 97; moderately
well-cemented; weak flaggy parting;
locally a ridge-former; contact with unit
100 is irregular and gradational over 6
inches. PS76 middle, PS76A unit 99/unit
100 contact

21.9

45

.6.0

55
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98) Dolomitic unsorted biosparite: mediumgrained; medium light gray, weathering
light olive gray; unit appears to be a
single bed; highly fractured and calciteveined; locally a subdued ridge-former;
contacts with adjacent units are poorly
defined, but the contact with unit 97
appears gradational over several inches,
and the contact with unit 99 appears
to be a bedding plane. PS73 base, S74
and PS75 middle of unit

7 1

97) Sparite: fine-grained; medium light gray,
weathering light olive gray; massive;
like unit 89; strong flaggy parting;
extensive calcite veining and staining;
moderately well-cemented, slope-former;
contacts with adjacent units are poorly
defined. PS72 middle of unit

3 2

96) Sparse biomicrite: medium-grained; light
gray, weathering medium light gray; unit
appears to be a single bed; strong
thickly laminated to flaggy parting;
tightly cemented; scattered crinoid
debris about 40%; slope-former; contacts
with adjacent units are poorly defined.
PS7I middle of unit

4 9

95) Oosparite: medium gray, weathering medium
light gray; massive; tightly cemented;
extensive calcite veining; slope-former
with scattered resistant outcrops;
contacts with adjacent units appear to be
bedding planes; unit may have been
quarried. PS67 1 ft above base, PS68 2 ft
above base, S69 and PS7O 3 ft below top,
and Cl5 1 ft above base

11.7

94) Sparite, recrystallized: like unit 89; strong
flaggy parting; gradational contacts with
adjacent units; forms slight depression on
a ridge; unit appears to be a single bed.
PS65 middle, PS66 unit 93/unit 94 contact

2 1

93) Oosparite: medium light gray, weathering
medium light gray, with stained surfaces
of moderate reddish orange; unit appears
to be a single bed; subdued ridge-former;
contacts with adjacent units appear gradational over 2 inches; PS64 unit 93/unit 92
contact

10
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92) Oosparite: medium gray, weathering medium
gray to light olive gray; some reddish
orange staining and calcite veining;
bedding planes very poorly defined;
well-cemented; blocky to massive parting
character with some slabby partings;
locally a ridge-former; contact with unit
91 is sharp and planar, and the contact
with unit 93 is gradational over several
inches. PS62 7 ft below top, S63 6 ft
below top

13.6

91) Calcite vein: white, red, and orange sparry
calcite weathering to a moderate reddish
orange to moderate reddish brown soil;
very non-resistant and forms a depression
on the outcrop between adjacent units

15

90) Oosparite: medium gray, weathering medium
light gray; beds 2 ft thick to massive,
bedding planes poorly defined; wellcemented; extensive calcite veining;
locally a ridge-former. PS59 base,
PS6O 8 ft above base, PS6I 2 ft below
top, Cl4 ft below top

21.5

89) Sparite, recrystallized: fine-grained;
light gray, weathering light gray;
bedding planes very poorly defined;
medium-laminated to flaggy parting;
poorly cemented; slope-former; common
calcite veining; contact with unit 90
appears gradational over 1 ft. PS58
middle, Cl3 2 ft below top

17.5

88) Packed biomicrite (encrinite): mediumgrained; medium gray, weathering
medium light gray; beds 1.5-2 ft
thick, bedding planes moderately
well defined; well-cemented; weak
flaggy parting; slope-former; about
l5Z chert as nodules and streamers
(some banded). PS56 base, PS57 top,
and Cl2 top 1 ft of unit

7

2
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87) Dolomitic packed bioniicrite: mediumgrained; medium light gray, weathering
light olive gray; beds average 2 ft
thick; bedding planes poorly defined;
5% or less chert as nodules and ribbons; tightly cemented, strong flaggy
parting; slope-former with about 807.
of the unit covered by flaggy debris;
contacts with adjacent units appear
gradational over several inches; very
rare corals. PS52 base, PS53 8 ft above
base, S54 banded chert from top, PS54A
top, PS55 unit 88/unit 87 contact, Cli
8 ft above base, F24 coral from float 8
ft above base
86) Covered: float and dug up talus resemble
unit 84, but they are slightly darker

20.3

3.1

85) Dolomitic poorly washed biosparite: medium
gray, weathering light olive gray; unit
is similar in outcrop to unit 83; unit
grades finer upsection and is
almost completely covered; slope-former.
PS5O base, PS51 top

09

84) Dolomitic cherty sparite: medium light
gray, weathering light olive gray;
bedding planes very poorly defined;
strong flaggy parting; wellcemented; slope-former, about 60%
covered by float and talus; about 5%
dark gray chert as nodules, ribbons,
and blebs; very homogeneous; contacts
with adjacent units appear to be
gradational over several feet. S47
and PS48 10 ft above base, PS49 22 ft
above base, C9 10 ft above base, and
dO 5 ft below top

...35.l

83) Unsorted biosparite: medium gray,
weathering medium light gray; massive;
slope-former, about 90% covered;
angular chert grades into the unit in
the top 4 inches; transitional unit
exhibiting characteristics of adjacent
units. S44 (biosparite), S45 (fractured
chert), and PS46 (unfractured chert and
biosparite)

1 0
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82) Packed biomicrite (encrinite): like unit
80, but is less fossiliferous; very rare
corals; contact with unit 83 is mostly
covered but appears gradational.
PS43 and F23 middle of unit
81) Dolomitic limestone: light gray, weathering
light brownish gray; unit appears to be
a single bed; moderate flaggy parting;
very well-cemented; very faint banding;
non-resistant and forms a slight
topographic depression on the outcrop;
abundant horizontal burrows; unit
is about 707. covered; contacts with
adjacent units are sharp and planar;
common contorted burrows.
PS42
80) Packed biomicrite (encrinite): coarsegrained; medium gray, weathering medium
light gray; regular beds 1.3-3 ft thick;
scattered flaggy lenses; planar bedding
contacts; sharp and planar contacts
with adjacent units; tightly cemented;
subdued ridge-former; rare brachiopods
and common corals which decrease in
abundance upsection. PS4O 1 ft above
base, PS41 6 ft above base, C8 top 1 ft,
and F22 corals from throughout the unit
79) Packed biomicrite (encrinite): medium
gray, weathering medium light gray; beds
4-5 ft thick, bedding planes poorly
defined; well-cemented; minor I laggy
parting; prominent ridge-former; contacts
with adjacent units are sharp and
planar; abundant corals and some
brachiopods. PS39 and C7 middle
of unit, F21 corals and brachiopod from
entire unit

5 9

1.3

97

..15.8

78) Covered: flaggy float like unit 75

2 3

77) Sparse biomicrite: resembles unit 75;
subdued and isolated outcrop with
abundant corals

3 7

76) Covered: flaggy float like unit 75

1 3
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75) Packed biomicrite (encrinite): mediumgrained; medium dark gray, weathering
medium light gray; unit appears to be a
single bed; about 27. chert as blebs and
nodules; tightly cemented; ridge-former;
the contact with unit 74 is sharp and
planar, and the contact with unit 76 is
sharp and undulatory; corals, mainly
solitary forms with a few Syringopora,
are abundant and roughly aligned with
bedding. PS38 middle of unit

4 1

74) Packed biomicrite: fine-grained; medium
gray to medium dark gray, weathering
medium light gray; regular beds 2-4 ft
thick; about 5% chert as nodules and
stringers aligned with bedding; tightly
cemented; ridge-former; contact with
unit 75 is abrupt and planar; very
abundant corals and rare brachiopods.
PS37 middle, C6 3 ft below top, and
F20 corals from entire unit

14.2

73) Sparse biomicrite: fine-grained;
medium gray, weathering medium light
gray; strong flaggy parting; slopeformer, forms slight depression
on top of a ridge; about 10% chert
stringers; gradational contacts with
adjacent units; fairly common brachiopods. S36, CS, and Fl9 brachiopod

0 9

72) Packed biomicrite: medium gray to medium
dark gray, weathering light gray; unit
appears to be a single bed; about 10%
medium gray chert nodules; moderate flaggy
parting; prominent ridge-former; sharp and
planar contact with unit 71, gradational
contact with unit 73; very abundant
corals and rare brachiopods. PS35 2 ft
above base, Fl8 corals from entire unit

4 4

71) Packed biomicrite: fine- to medium-grained;
medium gray, weathering medium light gray;
beds 2-5 ft thick, bedding planes poorly
defined; dark gray chert nodules 2% or
less; slabby to blocky parting; prominent
ridge-former; homogeneous; sharp and
planar contacts with adjacent units;
abundant solitary corals up to 7 inches
long and 1.5 inches wide. PS34 9 ft
above base, C4 10 ft above base, F17
corals from entire unit

20.2
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70) Packed biomicrite: medium-grained; medium
light gray, weathering light gray;
regular beds 1.5-3 ft thick; very well
cemented; very homogeneous outcrop;
locally a subdued ridge-former; abrupt
and planar contacts with adjacent units;
rare solitary corals 1-2 cm in diameter.
PS33 and F16 coral from base of unit

69) Covered: float from adjacent ridge of unit
68

10.5

52

68) Poorly washed biosparite: medium- to coarsegrained; beds 5-10 ft thick; similar in
outcrop to unit 66, but lacks flaggy
parting, contains 5% or less chert, and is
much more fossiliferous; fairly abundant
corals in the basal 6 ft with some
brachiopods; a Syringopora colony 30 cm
long by 7 cm wide is situated in life
position 6 ft above the base and is
surrounded by solitary corals. PS32A top,
C3 basal 1 ft, and F15 corals 0-6 ft
above base

67) Unsorted biosparite: like unit 65,

12.7

but

contains about 15% chert nodules, is
massive, does not display any pronounced
parting, and is more fossiliferous;
abundant brachiopods and some small
corals; unit 67 grades upsection into
unit 68 which is darker, finer grained,
and less fossiliferous. PS32, Fll-F14
from entire unit

1 0

66) Sparse biomicrite: medium- to coarse-grained;
medium dark gray to medium gray, weathering
medium light gray; about 20% medium dark
gray chert as irregular nodules; patchy
moderate flaggy parting; slope-former,
forms slight depression on a ridge. PS3I

32

65) Unsorted biosparite: medium- to coarsegrained; medium light gray to medium
gray, weathering medium light gray; about
10% dark gray chert as stringers and
nodules; beds 2-3 ft thick, bedding planes
poorly defined; patchy flaggy parting;
prominent ridge-former; rare brachiopods.
PS3O 3 ft above base

7

64) Covered: blocky to flaggy float from
adjacent ridges

1

23.1
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63) Unsorted biosparite: medium- to coarse
grained; medium light gray, weathering
light gray; regular beds 1-1.5 ft thick,
bedding planes poorly defined; about 15%
dark gray chert as blebs and nodules
(5-15 cm long) aligned with bedding;
moderate flaggy to slabby parting;
locally a significant ridge-former. The
unit also contains about 20% of a finer
grained lithology which exhibits strong
flaggy parting, contains rare brachiopods, and forms discontinuous lenses
which interweave with the biosparite.
PS28 base, S29, C2, and FlO brachiopod
3.6 ft above base in flaggy micrite

62) Karst breccia: angular clasts of chert
fragments and chert nodules (up to l0
inches long) in a moderate pink to light
red, weathering moderate reddish orange
niicrite matrix; contacts with adjacent
units are very irregular; breccia
contains pockets (ranging in width
from 6 inches to 15 feet) of very wellbedded sandstones and siltstones with
regular beds 0.1-4 inches thick; the
beds range from horizontal to 30°S dip.
The thicker beds show normal grading;
many voids and vugs are filled with sparry
calcite. PS27 (graded bed within the
breccia) 2 ft above base

14.9

4 8

61) Unsorted biosparite: medium- to coarsegrained; medium gray to medium light
gray, weathering light gray to medium
light gray; regular beds 1.5-3 ft
thick, bedding planes fairly well
defined; weak flaggy to slabby parting,
well-cemented; prominent ridge-former;
rare corals and brachiopods. PS7 2 ft
above base, F2 brachiopod 5 ft above base.
I then offset along strike about 300
ft down the hill and continued the line of
section.
Unit 61 is more fossiliferous
along the lower line of section and the
following samples were taken: PS2S 2 ft
below top, S26 1 ft below top, F8 corals
from basal 1 ft, F9 corals 10 ft above
base

60) Fossiliferous micrite: resembles unit 57;
strong flaggy parting; unit more than
90% covered. S6

20.7

3 5
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59) Fossiliferous micrite: like unit 57 but
about 30% replaced by medium dark gray
chert making it slightly more resistant;
sharp and planar contact with unit 58;
the contact with unit 60 is gradational over 3 inches. PS5

1 8

58) Sparse biomicrite: medium- to coarsegrained; medium light gray, weathering
medium gray; about 1.0% chert as stringers
and blebs, more concentrated in the
upper half; very weak flaggy parting,
well-cemented; subdued ridge-former. S4

2.2

57) Fossiliferous micrite: light gray,
weathering light gray to very light
gray; unit appears to be a single bed;
chert 5% or less; moderately strong
flaggy parting; tightly cemented; nonresistant unit forms slight depression
on the slope. PS3 and C52 base of unit

13

56) Packed biomicrite (encrinite): medium
gray to medium light gray, weathering
light gray to medium light gray; unit
appears to be a single bed; unit
contains 2-3 inch thick chert beds at
the top; like unit 55 but slightly
finer grained and a little darker; the
units 56/55 contact is sharp and planar,
while unit contacts 57/56, 58/57, 59/58,
and 60/59 are all gradational and poorly
defined. Units 56-60 could be a single
unit varying in the amount of crinoid
debris and chert

18

55) Packed biomicrite (encrinite): medium- to
coarse-grained; medium light gray to
medium gray, weathering light gray to very
light gray; unit grades downsection to a
more pervasive medium dark gray in the
basal 2-3 ft; beds 2-4 ft thick, bedding
planes poorly defined; about 5% medium
dark gray chert blebs and stringers weathering yellowish gray; about 50% scattered
crinoid debris up to 0.3 inches in diameter;
locally a significant ridge-former; brachiopods, common to the basal half of the unit,
decrease in abundance upsection. Si, S2
(chert), and PS24OA from base, C53 1 ft
ft above
above base, and Fl brachiopod
base
1.

.11.0
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54) Packed biomicrite: very coarse-grained;
very light gray, weathering light gray;
unit is a single bed; flaggy parting
habit; non-resistant unit forms slight
depression on top of a ridge; gradational
contact with unit 55, sharp contact with
unit 53; abundant brachiopods and crinoid
stems (up to 0.5 inches in diameter) form
a shelly hash. F3 brachiopods

TOTAL MISSION CANYON LIMESTONE

03
578.3

Contact - Mission Canyon Limestone/Middle Canyon Formation:
the contact is gradational over tens of feet as the
lighter colored, coarser grained, and thicker bedded
shelf units of the Mission Canyon Limestone replace
the darker, more micritic, thinner bedded, and more
cherty slope deposits of the Middle Canyon Formation.
MIDDLE CANYON FORMATION (incomplete)
53) Unsorted biosparite: dark gray to grayish
black, weathering light gray to medium
light gray; regular beds 1-1.5 ft thick,
bedding planes poorly defined; about 60%
light gray to medium dark gray chert as
thin blebs, stringers, and discontinuous
beds (up to 1.5 ft thick); scattered
crinoid debris increases upsection from
about 10% at the base to 40% at the top;
flaggy to slabby parting; unit forms
upsection edge of a very significant ridge;
sharp and undulatory contact with unit
52; common brachiopods. PS1O and PSII 2
ft above base, PS24IA and PS242A 3 ft
above base, PS9 4.3 ft above base, S8 5
ft above base, C51 3 ft above base, F4
brachiopods from entire unit, F4A brach
iopod from float from unit 53 or unit 54........5.8
52) Unsorted biosparite: fine-grained; light
gray, weathering light gray; bedding
planes very poorly defined; about
30% medium dark gray chert as
irregular nodules up to 9 inches wide;
chert is concentrated in the more
resistant basal half of the unit; strong
flaggy parting, non-resistant unit forms
ridge;
a small depression on top of
sharp planar contact with unit 51. PSI2

4 0

160

51) Fossiliferous micrite: medium dark gray
to medium gray, weathering medium light
gray; regular beds 6-7 inches thick,
bedding planes poorly defined; about
50-70% light gray chert weathering
light olive gray; the micrite and chert
intricately interweave; moderate flaggy
to slabby parting; very tightly
cemented; significant ridge-former. PS13
and PS243 3 ft above base
50) Unsorted biosparite: medium- to coarsegrained; medium gray, weathering
medium light gray; massive; unit pinches
and swells along strike and exhibits
sharp and irregular contacts with
adjacent units. PSI4 and Cl
49) Sorted biosparite: like unit 51. PSI5
(chert), PS16, PSI7 (chert and
limestone), PS244 11 ft above base,
PS245 5 ft above base, and C48 basal
1 ft of unit

43

0 7

22.0

48) Unsorted biosparite (encrinite): unit
90% or more covered; upper 2 ft is
an encrinite with common brachiopods;
the basal 3.4 ft are like the cherty
parts of unit 49; strong flaggy
parting; bedding is indeterminate;
subdued ridge-former. PS18 4 ft above
base, PS19 3.4 ft above base, S246 1 ft
above base, C50 2 ft below top, F5
brachiopods from top 2 ft of unit

5 4

47) Unsorted biosparite (encrinite) and
packed biomicrite: medium- to coarse
grained; about 95% of the unit is
covered; digging reveals about 70%
medium light gray encrinite with
common brachiopods and about 30% dark
gray packed biomicrite, both weathering
light olive gray; very strong thickly
laminated to flaggy parting; gradational
contacts with adjacent units. PS2O,
PS21A, and F6 brachiopods

6 5
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46)

Poorly washed biosparite: mediumgrained; regular beds 4-5 inches thick;
chert about 80% of unit; crinoid clast
size decreases upsection; ridge-former;
very abundant brachiopods at the base
decrease in abundance upsection. PS240
(chert and encrinite mix) 7 ft above
base,

PS241, PS242

base,

C49 7 ft above

base, F7 brachiopods collected along
strike about 300 ft downhill from line
of section

13.9

45) Covered: moss-covered with minor float
like unit 49

12.8

44) Chertified biomicrite: like unit 49; small
isolated outcrop; possibly large float.

PS21

43)

Fossiliferous micrite: medium dark gray,
weathering light olive gray; entire unit
is covered but digging reveals the
lithology; strong flaggy parting; some
large brachiopods (up to 2 inches wide);
sharp contact with unit 42, gradational
contact with unit 44. PS22

38

2

1

42) Karst breccia: angular clasts of medium
dark gray chert in a moderate pink- to
moderate red-weathering pale red micritic
matrix; poorly cemented; rare clasts
like unit 40 and of encrinite; a single
chert bed 1 ft long and 2 inches wide
is preserved in the breccia

41) Covered: moss-covered with minor float
like unit 49

40)

Sorted biosparite: fine-grained; medium
light gray, weathering light olive gray;
very regular beds ranging front 0.5-9
inches thick and averaging 3 inches in
thickness; about 60-70% medium dark gray
chert as beds alternating and interweaving
with the limestone beds; strong mediumlaminated to flaggy parting; locally a
subdued ridge-former. A karst breccia is
situated directly above this outcrop.
PS23 8 ft above base, S24 (breccia),
and C47 9 ft above base of unit

23
21.3

10.0
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39) Sparse biomicrite: light gray, weathering
light olive gray; regular beds 8-12
inches thick, bedding planes well
defined; like unit 33 but about 30%
medium bluish gray to black chert as
blebs, stringers, and ribbony beds
(average 6 inches thick); unit appears
to be recrystallized. PS251 top, C56
basal 1 ft

18.0

38) Covered: stream depression covered with
moss and minor float from adjacent
units; rare breccia float from upslope
outcrops

57.5

37) Packed bioniicrite (encrinite): coarse- to
very coarse-grained; light gray to very
light gray, weathering medium light gray
to medium gray; regular beds 6 inches to
2 ft thick, average 1 ft; about 5%
medium light gray chert weathering very
light gray as regular beds 1-8 inches
thick; locally a subdued ridge-former;
unit grades coarser, less well
cemented, and lighter colored upsection.
PS250 and C55 base of unit

19.6

36) Packed biomicrite (encrinite): medium- to
coarse-grained; light gray, weathering
light brownish gray; regular beds 4-9
inches thick, average 5 inches; light
bluish gray chert weathering medium
light gray as regular beds 1-7 inches
thick, average 5 inches; subdued ridgeformer. PS249 3 ft above base
35) Covered: float from adjacent units
34) Packed biomicrite (encrinite): medium- to
coarse-grairied; light gray, weathering
light gray to very light gray; resembles
unit 33; 50-60% medium light gray chert
weathering light gray as regular beds
5-12 inches thick, at places banded;
gradational contact with adjacent units.
PS248 base of unit

6 6
..7.2

19.1
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33) Sparse biomicrite: medium-grained; medium
light gray to light gray, weathering
medium light gray to light gray; regular
beds 5-14 inches thick, average 8 inches;
about 30% medium light gray chert
weathering yellowish gray as regular
beds 0.5-4 inches thick, average 2
inches; slope-former; rare brachiopods.
P5247 7 ft above base, C54 2 ft above
base of unit
NOTE:

14.0

I offset along strike to the east side of Rattler
It is
Gulch and continued the line of section.
possible that I crossed a fault, but if so, I was
unable to determine the amount of offset on the
fault.

32) Packed biomicrite (encrinite): medium- to
coarse-grained; and silty micrite; medium
dark gray, weathering medium light gray;
regular beds 3-12 inches thick, average 6
inches; 30-40% chert blebs, stringers,
and ribbony beds (up to 9 inches thick);
beds of encrinite and medium- to thickly
laminated silty micrite alternate and
interweave; unit grades less crinoidal
upsection; subdued ridge-former. P5257 and
C63 18 ft above base, PS258 and C64 1 ft
below top

...64.2

31) Covered: abundant flaggy float of chert and
medium gray, weathering medium light gray
micrite

14.9

30) Packed biomicrite (encrinite): coarsegrained; like unit 28 but medium
dark gray, weathering medium light gray;
unit grades less crinoidal upsection

11.0

29) Covered: encrinite and chert float like
unit 28, but more highly fractured,
calcite veined, and stained

13.9
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28) Packed biotnicrite (encrinite): coarsegrained; light gray to medium light
gray, weathering medium light gray;
beds range from 8 inches to 2 ft thick,
average 11 inches, bedding planes
poorly defined; about 25% chert as
ribbony beds, streamers, and elongate
nodules 2-3 inches thick; moderate
flaggy parting; moderately wellcemented; slope-former; unit grades
upsection to medium dark gray encrinite
with rare brachiopods at 14 ft above
base and then grades lighter in color
farther upsection. PS255 7 ft above
base, PS256 and C62 14 ft above base

20.1

27) Packed biomicrite (encrinite): fine- to
medium-grained; medium light gray to
medium gray, weathering medium light
gray; regular beds about 1 ft thick;
30-40% light bluish gray chert,
weathering pinkish gray to very light
gray in blebs, stringers, and ribbony
beds up to 6 inches thick; bedding
planes poorly defined; 10-20% of the
unit exhibits weak to moderate flaggy
parting, becoming more pervasive
upsection; slope-former; fairly planar
contacts with adjacent units; rare
brachiopods except in finer grained
flaggy parts near the top of the
unit where they are moderately
abundant. PS253 base, PS254 17 ft
above base, C6l and P29 brachiopods
24 ft above base of unit

27.2

26) Packed biomicrite (encrinite): medium- to
coarse-grained; like unit 25 but has
thinner beds (average 7-8 inches thick),
contains about 20% chert as ribbony beds,
and forms a very subdued outcrop (about
70% covered); some of the beds appear to
exhibit anomalous attitudes, and the unit
might have been affected by faulting.
PS238 7 ft above base, PS239 16 ft above
base, C60 1 ft below top of unit

16.6
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25) Packed biomicrite: medium- to coarsegrained; light gray, weathering medium
light gray; regular beds 7-16 inches
thick, average 12 inches; about 20%
banded chert as ribbony beds up to
4 inches thick; the unit gradually
changes upsection, becoming thicker
bedded (beds average 18 inches thick)
and less cherty (about 10% with chert
beds up to 6 inches thick); sharp and
planar bedding contacts; slope-former
to subdued ridge-former. PS232 4.5 ft
above base, PS233 9 ft above base,
PS234 20 ft above base, PS235 30 ft
above base, PS236 50 ft above base,
PS237 top, C57 5 ft above base, C58
28 ft above base, C59 65 ft above base

71.3

24) Dolomitic limestone: fine-grained;
medium light gray, weathering light
olive gray; about 20% ribbony chert
beds; very strong flaggy parting;
slope-former, about 95% covered

38

23) Covered: abundant float of encrinite
and of silty micrite like unit 16;
small isolated beds of chert crop out
on the slope with very rare outcrops
of dark gray micrite. C46 6 ft above
base

22.8

22) Micrite: medium light gray, weathering
medium light gray; bedding planes
very poorly defined; about 20%
ribbony chert beds averaging 2 inches
thick; slope-former, mostly covered;
contact with unit 21 is gradational
over 2-3 ft. PS231 2 ft above base

53

21) Packed biomicrite (encrinite): coarsegrained; very light gray, weathering
medium light gray; regular beds
average 1 ft thick; slope-former;
contact with unit 21 is gradational
over 2-3 ft. PS230 1 ft above base

21

20) Packed biomicrite (encrinite): like unit
19, but contains no chert, displays
minor silty partings, and has rare
brachiopods; gradational contacts
with adjacent units. PS229 3 ft above
base

40
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19) Packed biomicrite (encrinite): mediumgrained; medium light gray, weathering
medium light gray; regular beds average
8 inches thick; about 20% banded bluish
chert as ribbony beds up to 2 inches
thick; tightly cemented; flaggy parting,
faintly laminated; slope-former. PS227
(like PS226) and PS228 1 ft above base
18) Packed biomicrite (encrinite): medium- to
coarse-grained; medium light gray,
weathering medium light gray; beds 1-2
ft thick, bedding planes poorly defined;
coarse-grained very light gray encrinites
at the base grade upsection to mediumgrained, medium light gray encrinites;
moderately strong flaggy to slabby
parting; slope-former; sharp and planar
contact with unit 17; fairly common
brachiopods. PS226 12 ft above base

34

14.2

17) Packed biomicrite (encrinite): medium- to
coarse-grained; medium gray at the base
grading to very light gray at the top,
both weathering medium light gray; beds
2-3 ft thick, bedding planes poorly
defined; moderately well-cemented;
subdued ridge-former; sharp and planar
bedding contact with unit 16; rare
brachiopods as fairly complete shells.
PS225 3 ft above base

4 1

16) Micrite: silty; dark gray; like unit 4 but
a slope-former. PS224 and C45 1 ft
below top of unit

6

2

15) Fossiliferous micrite: medium dark gray,
weathering medium light gray; like unit
12, but contains 10-20% scattered crinoid
debris, is slightly thicker bedded, and
is a subdued ridge-former. PS222 base,
PS223 and C44 10 ft above base

19.5

14) Sparse biomicrite: like unit 13 but the
dark gray sparse biomicrite at the base
grades upsection to a less cherty
lithology near the middle containing
abundant brachiopod shells and fragments;
the sparse biomicrite again appears near
the top of the unit; contacts with
adjacent units are sharp and planar.
PS221 and F28 3 ft above base

6 1
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NOTE:

The upsection edge of the unit 13 ridge was
followed about 250 ft downhill, and the line of
section was continued along the west side of
Rattler Gulch.

13) Fossiliferous micrite and sparse
biomicrite: unit 12 lithology at the
base of unit 13 grades upsection to a
medium gray, weathering medium light
gray sparse biomicrite situated 3 ft
above the base with about 40% scattered
crinoid debris; the unit then grades
darker upsection and decreases in crinoid
debris to 10-20% at the top of the unit;
otherwise like unit 12 but a less prominent
ridge-former; rare brachiopods and
corals. Three large (19X16 inches)
Syringopora(?) colonies were observed on
the upsection edge of unit 13 about 100
ft uphill from the line of section. The
colonies are in life position,
chertified, and surrounded by solitary
corals up to 3 inches long, mostly
Vesiculophyllum, with intact outer
casings, randomly positioned.
PS219 7 ft above base, PS220 and C43
1 ft below top, and F27 brachiopod
3 ft above base

14.6

12) Fossiliferous micrite: silty; dark gray,
weathering medium light gray; very
regular beds average 7 inches thick;
20-25% black chert as nodules, ribbons,
and blebs, which grade upsection to
ribbony beds (up to three inches
thick) near the top; very wellcemented; patchy thickly laminated to
flaggy parting, fairly prominent ridgeformer; common brachiopod shells and
shell fragments scattered in a single
bed 8 ft below the top of the unit.
PS216 5 ft above base, PS217 14 ft
above base, S218 35 ft above base,
C4l 15 ft above base, C42 35 ft above
base, and F26 brachiopods 8 ft below
top

11) Fossiliferous micrite: like unit 4, but
contains about 5% scattered crinoid
debris and is a less prominent ridgeformer; sharp and planar bedding
contacts with adjacent units. C40
1 ft above base

42.3

4 5
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10) Sparse biomicrite: medium-grained; dark
gray, weathering light medium gray;
regular beds average 5 inches thick;
about 10% chert; thickly laminated to
flaggy parting, subdued ridge-former;
sharp and planar bedding contact with
unit 11
9) Fossiliferous micrite: medium-grained;
dark gray, weathering medium light gray;
regular beds range from 2-15 inches
thick, average 9 inches; 5-10% randomly
aligned chert blebs, stringers, and
nodules; moderate ridge-former; planar
bedding contacts. PS215 top, C39 5 ft
above base

8)

Sparse biomicrite: like unit 7 but
generally less crinoid debris (1020%); moderate ridge-former; unit
grades upsection becoming thicker
bedded (average 1 ft thick) and less
cherty with rare brachiopods and
moderately rare solitary corals
generally situated in life position.
PS214 top, C38 4 ft above base, F25
corals 3 ft below top, and F25A coral
9 ft above base

7) Sparse biomicrite: like unit 4 but
varies in the amount of scattered
crinoid debris (5-40%); crinoid
stems are generally medium-grained
but range up to 0.5 inches in
diameter; unit 7 is slightly less
resistant than unit 4 and forms a
small depression on a ridge. PS212
4 ft above base, PS213 top of unit

6)

Micrite: silty; like unit 4, but is
a less prominent ridge-former and
contains rare crinoid debris in
the top 3 inches; contact with unit
7 is gradational over 2-3 inches.
PS211 top of unit

10.0

12.5

17.5

7 9

78

5) Micrite: silty; like unit 4,

but a
more prominent ridge-former; unit
exhibits a small monoclinal flexure
located about 42 ft above the
base. PS21O 40 ft above base, C35
10 ft above base, C36 40 ft above
base, and C37 58 ft above base

58.5
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4) Micrite: silty; dark gray, weathering
medium light gray; very regular beds
range from 2-12 inches thick, average
4.5 inches; about 20% ribbony chert
beds (2 inches thick) and nodules
(5 inches long by 3 inches wide)
aligned with bedding; strong very
thinly laminated to flaggy parting,
very significant ridge-former; slightly
undulatory bedding contacts; PS208
1 ft above base, PS209 39 ft above
base, C32 1 ft above base, C33 20 ft
above base, and C34 40 ft above base

42.1

3) Covered: float like units I and 2 in
the basal 35 feet and float like unit
4 in the top 35 feet. At about 35 ft
above the base and 200 feet along strike
uphill from the line of section is a
small isolated outcrop of sparse
biomicrite (PS207, C31); it is mediumgrained and medium gray, weathering
medium light gray, with moderate flaggy
parting. The section is probably
disrupted by a fault within this unit

69.7

TOTAL MEASURED PART OF MIDDLE CANYON FORMATION.....875.0
Contact - Middle Canyon Formation/Paine Limestone: the
contact is not exposed and is probably a reverse fault
contact.

PAINE LIMESTONE (incomplete)
2) Micrite: silty; medium dark gray,
weathering medium light gray; beds
range from thinly laminated to 3 ft
thick, average 6 inches; bedding
planes poorly defined; 10-207. shaly
partings; well-cemented; weak thickly
laminated to blocky parting; prominent
ridge-former; 1% or less chert
restricted to the upper part of the
unit; irregular contact with unit 1.
PS2OI base, PS202 5 ft above base,
PS203 7 ft above base, PS204 12 ft
above base, PS205 20 ft above base,
PS206 30 ft above base, C28 5 ft
above base, C29 19 ft above base, and
C30 30 ft above base of unit

32.3

TOTAL MEASURED PART OF PAINE LIMESTONE

32.3
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the contact
Contact - Paine Limestone/Unit 1 breccia:
is generally irregular and sharp, but at some
places is gradational over several feet. The contact
is probably a reverse fault contact.

I) Breccia: angular to subrounded
clasts, 0.1-24 inches in
diameter, consisting of: light gray
to light olive gray micrite, coarsegrained encrinite, Paine limestone (like
unit 2), black chert, and shaly tan
micrite, all in a moderate reddish brown
micritic matrix; well-cemented, matrixsupported, and a prominent ridge-former.
PS200

10.0 miii.

SE 1/4, SE 1/4, SE 1/4, sec. 4, T. 11 N,
Initial Point:
R. 13 W., Drunimond 15 minute quadrangle, Granite County,
On west side of Rattler Gulch, elevation about
Montana.
4600 feet.
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APPENDIX B
MEGAFOSSIL FAUNAL LISTS

Stratigraphic Range:
General LocalIty:
Quadrangle:

Corals and Brachiopods

Tendoy Group

Number of Samples:
Report By:

Report Date:

Granite County, Montana

Drummond 15' Quad.

Fossil Types:
Formation:

Mississippian

30

W. J. Sando, U.S.G.S., Washington, D. C.
February 26, 1988

Sample Fl:

Mission Canyon Limestone, unit 54
Spiriferoid brachiopod (2)

Sample F2:

Mission Canyon Limestone, unit 61, Coral Zone IIB
Spiriferoid brachiopod (1)
Amplexizaphrentis sp. (1)
Lophophyllum? sp. (2)

Sample F3:

Mission Canyon Limestone, unit 54
Spiriferoid brachiopod (1)

Sample F4:

Middle Canyon Formation, unit 53
Spiriferoid brachiopod (5)
Brachiopod, indeterminate (1)

Sample F5:

Middle Canyon Formation, unit 48
Spiriferoid brachiopod (5)
Productoid brachiopod (2)

Sample F6:

Middle Canyon Formation, unit 47
Spiriferoid brachiopod (3)
Solitary horn coral, indeterminate (I)

Sample F7:

Middle Canyon Formation, unit 46
Spiriferoid brachiopod (1)
Productoid brachiopod (1)
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Sample F8:

Mission Canyon Limestone, unit 61, Coral Zone ILB
Spiriferoid brachiopod (1)
Pleurosiphonella Morphogroup A (1)
Vesiculophyllum sp. (4)
Sychnoelasma sp. (2)
Lophophyllum? sp. (4)

Sample F9:

Mission Canyon Limestone, unit 61, Coral Zone IIB
Sychnoelasma sp. (3)
Vesiculophyllum sp. (1)

Sample PlO:

Mission Canyon Limestone, unit 63
Spiriferoid brachiopod

Sample Fll:

Mission Canyon Limestone, unit 67, Coral Zone IIB
Leptaena sp. (1)
Lophophyllum? sp. (1)
Canadiphyllum sp. (1)

Sample F12:

Mission Canyon Limestone, unit 67
Large spiriferoid brachiopod (1)

Sample Fl3:

Mission Canyon Limestone, unit 67, Coral Zone ILB
Spiriferoid brachiopod (1)
Cyathaxonia sp. (1)

Sample P14:

Mission Canyon Limestone, unit 67, Coral Zone IIB
Spiriferoid brachiopod (1)
Cyathaxonia sp. (1)
Sychnoelasma sp. (1)
Lophophyllum? sp. (2)
Arnplexizaphrentis sp. (1)

Sample Fl5:

Mission Canyon Limestone, unit 67, Coral Zone IIB
Sychnoelasma sp. (3)
Horn coral, indeterminate (1)
Syringopora Morphogroup B (1)

Sample Fl6:

Mission Canyon Limestone, unit 70, Coral Zone ILB
Vesiculophyllum sp. (1)

Sample F17:

Mission Canyon Limestone, unit 71, Coral Zone IIB
Michelinia cf. M. expansa White (1)
Vesiculophylluin sp. (4)
Sychnoelasma large sp. (3)

Sample Fl8:

Mission Canyon Limestone, unit 72, Coral Zone IIB
Syringopora Morphogroup B (1)
Cyathaxonia sp. (1)
Vesiculophyllum sp. (6)
Lophophyllum? sp. (7)
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Sample F19:

Mission Canyon Limestone, unit 73
Spiriferoid brachiopod (1)

Sample F20:

Mission Canyon Limestone, unit 74, Coral Zone IIB
Pleurosiphonella Morphogroup A (1)
Michelinia cf. H. expansa White (1)
Vesiculophyllum sp. (6)

Sample F21:

Mission Canyon Limestone, unit 79, Coral Zone IIB
Pleurosiphonella Morphogroup A (I)
Cyathaxonia sp. (3)
Vesiculophyllum sp. (7)

Sample F22:

Mission Canyon Limestone, unit 80, Coral Zone IIB
Syringopora Morphogroup C (1)
Amplexizaphrentis sp. (2)
Cyathaxonia sp. (2)
Sychnoelasma sp. (1)
Vesiculophyllum sp. (5)

Sample F23:

Mission Canyon Limestone, unit 82, Coral Zone IIB
Vesiculophyllum sp. (1)

Sample F24:

Mission Canyon Limestone, unit 87, Coral Zone IIB
Vesiculophyllum sp. (1)

Sample F25:

Middle Canyon Formation, unit 8, Coral Zone I
Lophophyllum? sp. (5)

Sample F25A:

Middle Canyon Formation, unit 8, Coral Zone I
Cyathaxonia sp. (3)
Rotiphyllum sp. (1)

Sample F26:

Middle Canyon Formation, unit 12
Leptaena sp. (1)
Productoid brachiopod (1)

Sample F27:

Middle Canyon Formation, unit 13
Brachiopod (1)

Sample F28:

Middle Canyon Formation, unit 14
Brachiopods (4)

Sample F29:

Middle Canyon Formation, unit 27
Spiriferoid brachiopod (1)
Productoid brachiopod (1)
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APPENDIX C
CONODONT FAUNAL LISTS

Stratigraphic Range:
General Locality:
Quadrangle:

Fossil Type:
Formation:

Report Date:

Granite County, Montana

Drummond 15' Quad.
Conodonts

Tendoy Group and Snowcrest Range Group

Number of Samples:
Report By:

Mississippian

64

R. Stamm and B. R. Wardlaw
January 27, 1988

Sample C28:

Paine Limestone, unit 2.
Barren.

Sample C29:

Paine Limestone, unit 2.
Apatognathus pinnata Ruppel and Lemmer
Age:
Mississippian

Sample C30:

Paine Limestone, unit 2.
Apatognathus sp.
Age:
Mississippian

Sample C31:

Mission Canyon Limestone(?), unit 3.
Eotaphrus burlingtonensis Pierce and Langenheim
Polygnathus mehli Thompson
Hindeodus sp. (fragments)
Upper S. anchoralis-D. latus - Lower G. texanus
Age:
zone, middle/late Osagean

Sample C32:

Middle Canyon Formation, unit 4.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill, 1968
Lower S. isosticha-tJpper S. crenulata zone,
Age:
late Kinderhookian

Sample C33:

Middle Canyon Formation, unit 4.
Non-diagnostic apparatal elements and fragments.

175

Sample C34:

Middle Canyon Formation, unit 4.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill, 1968
Polygnathus communis Branson and Mehi
Bispathodus stabilis (Branson and Mehl)
Pseudopolygnathus multistriatus Morphotype CM) 1 of
Lane, Sandberg, and Ziegler, 1980.
Elictognathus laceratus (Branson and Mehi)
Age:
late Kinderhookian

Sample C35:

Middle Canyon Formation, unit 5.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill, 1968
Polygnathus communis Branson and Mehi
Bispathodus stabilis (Branson and Mehl) (fragment)
Age:
late Kinderhookian

Sample C36:

Middle Canyon Formation, unit 5.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill, 1968
Polygnathus communis Branson and Mehi
Pseudopolygnathus multistriatus Mehi and Thomas
(fragment)
Bispathodus striatus (Branson and Mehi)
Hindeodus crassidentata (Branson and Mehl)
Age:
late Kinderhookian

Sample C37:

Middle Canyon Formation, unit 5.
Non-diagnostic apparatal elements and fragments.

Sample C38:

Middle Canyon Formation, unit 8.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill, 1968
Polygnathus communis Branson and Mehl
Polygnathus longiposticus Branson and MehI
Bispathodus stabilis? (fragment)
Age:
late Kinderhookian

Sample C39:

Middle Canyon Formation, unit 9.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill, 1968
Polygnathus communis Branson and Mehl
Polygnathus longiposticus Branson and Mehi
Pseudopolygnathus multistriatus? (fragment)
Protognathodus praedelicatus Lane, Sandberg, and
Ziegler
Age:
late Kinderhookian
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Sample C40:

Middle Canyon Formation, unit 11.
Polygnathus communis Branson and Mehl
Gnathodus typicus Ml of Lane, Sandberg, and Ziegler,
1980.

Hindeodus abbreviatus? (fragment)
latest Kinderhookian to Osagean
Age:
Sample C41:

Middle Canyon Formation, unit 12.
Siphonodella isosticha-obsoleta of Sandberg, Ziegler,
Leuteritz, and Brill
Polygnathus communis Branson and Mehl
Gnathodus typicus Ml of Lane, Sandberg, and Ziegler,
1980.

Hindeodus abbreviatus (Branson and Mehl)
"Spathognathodus" stabilis of Thompson and Fellows,
1969.

Age:

latest Kinderhookian to Osagean

Sample C42:

Middle Canyon Formation, unit 12.
Polygnathus communis Branson and Mehl
Gnathodus typicus Cooper
Age:
Base of the lower G. typicus zone,
Osagean

Sample C43:

Middle Canyon Formation, unit 13.
Polygnathus communis Branson and Mehl
Gnathodus semiglaber Bischoff
Bispathodus aculeatus (Branson and Mehl)
Hindeodus regularis (Branson and Mehi)
"Spathognathodus" stabilis of Thompson and Fellows,
1969.
Age:

Osagean

Sample C44:

Middle Canyon Formation, unit 15.
Polygnathus communis Branson and Mehi
Gnathodus punctatus (Cooper)
Gnathodus semiglaber Bischoff
Lochriea commutata (Branson and Mehl)
early Osagean
Age:

Sample C45:

Middle Canyon Formation, unit 16.
Polygnathus communis Branson and Mehl
Gnathodus cuneiformis Mehl and Thomas
Bispathodus stabilis (Branson and Mehl)
Age: Osagean

Sample C46:

Middle Canyon Formation, unit 23.
Polygnathus communis Branson and Mehl
Age:
Late Devonian-Early Mississippian

1.77

Sample C57:

Middle Canyon Formation, unit 25.
Polygnathus coinmunis Branson and Mehi
Polygnathus communis carina Hass
Hindeodus regularis (Branson and Mehi)
Hindeodus crassidentata (Branson and Mehi)
"Spathognathodus" stabilis of Thompson and Fellows,
1969.

Pseudopolygnathus multistriatus M2 of Lane, Sandberg,
and Ziegler, 1980 (broken).
Age:
early Osagean
Sample C58:

Middle Canyon Formation, unit 25.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Hindeodus crassidentata (Branson and Mehi)
"Spathognathodus" stabilis of Thompson and Fellows,
1969.

Bispathodus aculeatus? (broken)
Osagean
Age:
Sample C59:

Middle Canyon Formation, unit 25.
Polygnathus communis Branson and Mehl
Polygnathus communis carina Hass
Hindeodus regularis (Branson and Mehl)
"Spathognathodus" stabilis of Thompson and Fellows
Age:
early Osagean

Sample C60:

Middle Canyon Formation, unit 26.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Hindeodus crassidentata (Branson and Mehi)
"Spathognathodus" stabilis of Thompson and Fellows
Bispathodus aculeatus (Branson and Mehi)
early Osagean
Age:

Sample C6l:

Middle Canyon Formation, unit 27.
Hindeodus crassidentata (Branson and Mehi)
Age: Early Mississippian

Sample C62:

Middle Canyon Formation, unit 28.
Polygnathus communis Branson and Mehl
Hindeodus crassidentata (Branson and Mehi)
"Spathognathodus" stabilis of Thompson and Fellows
Bactrognathus n.sp. of Lane, Sandberg, and Ziegler,
1980
Scaliognathus sp. (fragment)
Age:
Osagean
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Sample C63:

Middle Canyon Formation, unit 32.
Polygnathus communis Branson and MehI
Hindeodus sp.
"Spathognathodus" stabilis of Thompson and Fellows
Gnathodus semiglaber Bischoff
Bactrognathus n.sp. of Lane, Sandberg, and Ziegler,
1980

Scaliognathus n.sp. A of Chauff and Kiapper, 1978
Age:
middle Osagean
Sample C64:

Middle Canyon Formation, unit 32.
Polygnathus communis Branson and Mehl
Hindeodus regularis (Branson and Mehl)
Hindeodus crassidentata (Branson and Mehi)
Gnathodus semiglaber Bischoff
"Spathognathodus" stabilis of Thompson and Fellows
Age: Osagean

Sample C54:

Middle Canyon Formation, unit 33.
Polygnathus communis Branson and Mehl
Hindeodus regularis (Branson and Mehl)
"Spathognathodus" stabilis (Branson and Mehl)
Bispathodus stabilis (Branson and Mehl)
Bispathodus sp. (fragment)
Lochriea commutata (Branson and Mehl)
Age: Osagean

Sample C55:

Middle Canyon Formation, unit 37.
Polygnathus communis Branson and Mehl
Hindeodus sp. (fragment)
Age:
Early Mississippian

Sample C56:

Middle Canyon Formation, unit 39.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehl)
"Spathognathodus" stabilis (Branson and Mehl)
Age:
Osagean

Sample C47:

Middle Canyon Formation, unit 40.
Polygnathus communis Branson and Mehl
Hindeodus regularis? (juveniles)
Age: Early Mississippian

Sample C49:

Middle Canyon Formation, unit 46.
Polygnathus communis Branson and MehI
Lochriea comiuutata (Branson and Mehl)
Osagean
Age:

Sample C50:

Middle Canyon Formation, unit 48.
Polygnathus coinmunis Branson and Mehl
Gnathodus semiglaber Bischoff
Lochriea commutata (Branson and Mehl)
Osagean
Age:
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Sample C48:

Middle Canyon Formation, unit 49.
Polygnathus communis Branson and Mehl
Hindeodus regularis (Branson and Mehi)
Gnathodus semiglaber Bischoff
Lochriea commutata (Branson and Mehl)
Pseudopolygnathus oxypageus Lane, Sandberg, and
Ziegler
Pseudopolygnathus dentilineatus Branson
Age:
Base of Upper G. typicus zone or younger,
middle Osagean

Sample Cl:

Middle Canyon Formation, unit 50.
Polygnathus communis Branson and Mehi
"Spathognathodus" stabilis of Thompson and Fellows
Lochriea commutata (Branson and Mehi)
Age: Osagean

Sample C51:

Middle Canyon Formation, unit 53.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
"Spathognathodus" stabilis of Thompson and Fellows
Pseudopolygnathus sp.
(fragment)
Age:
Osagean

Sample C53:

Mission Canyon Limestone, unit 55.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehl)
"Spathognathodus" stabilis?
Pseudopolygnathus oxypageus Lane, Sandberg, and
Ziegler
Age:
middle Osagean

Sample C52:

Mission Canyon Limestone, unit 57.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Bispathodus stabilis (Branson and Mehi)
Lochriea commutata (Branson and Mehi)
Age:
Osagean

Sample C2:

Mission Canyon Limestone, unit 63.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Lochriea commutata (Branson and Mehi)
Bactrognathus n.sp. of Lane, Sandberg, and Ziegler,
1980
Age:

middle Osagean
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Sample C3:

Mission Canyon Limestone, unit 68.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Bispathodus stabilis (Branson and Mehi)
Lochriea commutata (Branson and Mehi)
Scalionathus 2reanchoralis Lane, Sandberg, and
Ziegler
Age: Upper G. typicus - S. anchoralis-D. latus zone,
middle Osagean

Sample C4:

Mission Canyon Limestone, unit 71.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Hindeodus coalescens Rexroad and Collinson
Bispathodus stabilis (Branson and Mehi)
Age: Osagean

Sample C5:

Mission Canyon Limestone, unit 73.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehl)
Bispathodus stabilis (Branson and Mehi)
Polygnathus bischoffi Rhodes, Austin, and Druce
Age:
middle/late Osagean

Sample C6:

Mission Canyon Limestone, unit 74.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehl)
Bactrognathus sp. (juvenile)
Age:
Osagean

Sample C7:

Mission Canyon Limestone, unit 79.
Polygnathus communis Branson and Mehl
Hindeodus regularis (Branson and Mehi)
Bactrognathus excavatus Branson and Mehi
Age: middle Osagean

Sample C8:

Mission Canyon Limestone, unit 80.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehi)
Bispathodus stabilis (Branson and Mehl)
Scaliognathus preanchoralis Lane, Sandberg, and
Ziegler
Bactrognathus sp. (juveniles)
Age:
Upper G. typicus - S. anchoralis-D. latus zone,
middle Osagean

Sample C9:

Mission Canyon Limestone, unit 84.
Polygnathus communis Branson and Mehl
Age: Late Devonian to Early Mississippian
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Sample ClO:

Mission Canyon Limestone, unit 84.
Polygnathus communis Branson and Mehi
Hindeodus regularis (Branson and Mehl)
Age:
Osagean

Sample Cli:

Mission Canyon Limestone, unit 87.
Polygnathus communis Branson and Mehi
Hindeodus coalescens Rexroad and Collinson
Hindeodus sp. (poor preservation)
'tSpathognathodus" stabilis of Thompson and Fellows
Age:
Osagean

Sample C12:

Mission Canyon Limestone, unit 88.
Polygnathus communis Branson and Mehl
Hindeodus regularis (Branson and MehI)
Hindeodus penescitulus Rexroad and Collinson
Bispathodus stabilis (Branson and Mehi)
Age:
S. anchoralis-D. latus zone,
late Osagean

Sample C13:

Mission Canyon Limestone, unit 89.
Polygnathus communis Branson and Mehl
Age:
Late Devonian to Early Mississippian

Sample Cl4:

Mission Canyon Limestone, unit 90.
Polynathus conimunis Branson and Mehi
Age:
Late Devonian to Early Mississippian

Sample C15:

Mission Canyon Limestone, unit 95.
Hindeodus sp. (fragment)
Age: Mississippian

Sample C16:

Mission Canyon Limestone, unit 99/100.
Polygnathus communis Branson and Mehl
Age:
Late Devonian to Early Mississippian

Sample dl:

Mission Canyon Limestone, unit 102.
Polygnathus communis Branson and Mehi
Hindeodus penescitulus Rexroad and Collinson
"Spathognathodus" stabilis of Thompson and Fellows
S. anchoralis-D. latus zone,
Age:
late Osagean

Sample C18:

Mission Canyon Limestone, unit 104.
Polygnathus communis Branson and Meld
Polygnathus mebli Thompson, 1967
Hindeodus regularis (Branson and Mehi)
Bactrognathus n.sp. of Lane, Sandberg, and Ziegler,
1980
Age:

S. anchoralis-D. latus zone,
late Osagean
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Sample Cl9:

Mission Canyon Limestone, unit 108.
Non-diagnostic apparatal elements and fragments.

Sample C20:

Mission Canyon Limestone, unit 113.
Bispathodus stabilis (Branson and Mehi)
Hindeodus penescitulus Rexroad and Collinson
Patrognathus capricornis (Druce)
Age:
G. texanus zone, early Meramecian

Sample C2l:

Mission Canyon Limestone, unit 120.
Taphrojnathus varians Branson and Mehi
Hindeodus pulchra (Branson and Mehl)
Hindeodus sp. (juvenile)
Age:
G. texanus zone, early Meramecian

Sample C22:

Mission Canyon Limestone, unit 122.
Hindeodus penescitulus Rexroad and Collinson
"Spathognathodus" stabilis of Thompson and Fellows
Taphrognathus varians Branson and Mehl
Age:
G. texanus zone, early Meramecian

Sample C23:

Mission Canyon Limestone, unit 128.
Hindeodus penescitulus Rexroad and Collinson
Hindeodus regularis (Branson and Mehl)
Patrognathus capricornis (Druce)
Age:
G. texanus zone, early Meramecian

Sample C24:

Mission Canyon Limestone, unit 131.
1-lindeodus sp.
(fragments)
Age:
Mississippian

Sample C25:

Mission Canyon Limestone, unit 133.
(fragments)
Hindeodus sp.
Age: Mississippian

Sample C26:

Mission Canyon Limestone, unit l39A.
Barren.

Sample C27:

Lombard Limestone, unit 150.
Barren.

Sample USGS 29783-PC:

Lombard Limestone, unit 150.

Cavusnathus sp.
Age:
late Meramecian-Chesterian
Late Mississippian
CAl:

2.0
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APPENDIX D
FORAMINIFER FAUNAL LiSTS

Mississippian

Stratigraphic Range:

General Locality:
Quadrangle:

Fossil Type:
Formation:

Drummond 15' Quad.

Foraminifera
Tendoy Group

Number of Samples:
Report By:

Report Date:

Sample C31:

Granite County, Montana

14

B. L. Mamet, University of Montreal
November 17, 1987

Mission Canyon Limestone(?), unit 3.
Abundant non-determinable Tournayellidae
Labyrinthoconus? s p.

Orthriosiphon (two fragments)
Age:
undiagnostic
Sample C38:

Middle Canyon Formation, unit 8.
Archaesphaera sp.
Bisphaera sp.
Calcisphaera sp.
Earlandia elegans (Rauzer-Chernoussova and
Reitlinger).
Earlandia minima (Birina).
Girvanella sp. (algal biscuit)
Age:
Zone pre-7, early middle Tournaisian.

Sample C62:

Middle Canyon Formation, unit 28.
Latiendothyra sp.
Palaeospiroplectammina tchernyshinensis (Lipina).
Septaglomospiranella sp.
Age:
Zone 7, middle Tournaisian.

Sample F8:

Mission Canyon Limestone, unit 61.
Calcisphaera sp.
Earlandia sp.
Latiendothyra sp.
Palaeospiroplectammina tchernyshiriensis (Lipina).
Rectoseptaglomospiranella sp.
Septabrunsiina sp.
Septaglomospiranella sp.
Age:
Zone 7, middle Tournaisian.
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Sample C6:

Mission Canyon Limestone, unit 74.
Calcisphaera sp.
Earlandia clavatula (Howchin).
Earlandia moderata (Malakhova)
Issinella sp.
Palaeoberesella sp.
Septaglomospiranella sp.
Septatournayella sp.
cf Tuberendothyra sp.
Probably Zone 8, early late Tournaisian.
Age:

Sample C14:

Mission Canyon Limestone, unit 90.
Calcisphaera sp.
Evlania sp.
cf Eoforschia sp.
Issinella sp.
Kamaena sp.
Proninella sp.
Septabrunsiina sp.
Spinoendothyra sp.
Tournayella sp.
Tuberendothyra sp.
Algae and algal biscuits.
Zone 8/9 boundary or basal Zone 9,
Age:
late Tournaisian.

Sample C15:

Mission Canyon Limestone, unit 95.
Albertaporella sp.
Calcisphaera laevis Williamson.
Earlandia sp.
Nostocites sp.
Palaeoberesella sp.
Priscella sp.
Septabrunsiina sp.
Septaglomospiranella sp.
Spinoendothyra sp.
Solenoporid alga.
Age:
Zone 9, late Tournaisian.

Sample Cu:

Mission Canyon Limestone, unit 102.
Albertaporella sp.
Calcisphaera laevis Williamson.
Earlandia sp.
Palaeoberesella sp.
Proninella sp.
Spinoendothyra sp.
Age:
Probably Zone 9, late Tournaisian.
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Sample C18:

Mission Canyon Limestone, unit 104.
Albertaporella sp.
Calcisphaera sp.
cf.Eogloboendothyra sp.
Latiendothyra sp.
Orthriosiphon sp.
Palaeoberesella sp.
Proninella sp.
Septabrunsiina sp.
Septagloinospiranella sp.

Spinoendothyra spinosa (Chernysheva)
Zone 9, late Tournaisian.

Age:

Sample C19:

Mission Canyon Limestone, unit 108.
Albertaporella sp.
Calcisphaera sp.
Earlandia sp.
Orthriosiphon sp.
Palaeoberesella sp.
Proninella sp.
Septaglomospiranella sp.
Spinoendothyra sp.
Tournayella discoidea Dam.
Age: Zone 9, late Tournaisian.

Sample C2l:

Mission Canyon Limestone, unit 120.
Calcisphaera laevis Williamson.
Calcisphaera pachysphaerica (Pronina).
Earlandia clavatula (Howchin).
cf Eblanaia sp.
Eoforschia sp.
Globoendothyra? paratrachida Mamet.
Latiendothyra latispiralis (Lipina).
Priscella sp.
Septaglomospiranella sp.
Calcispheres and sponge spicules.
Age:
Zone 10, early Visean.

Sample C22:

Mission Canyon Limestone, unit 122.
Calcisphaera pachysphaerica (Pronina).
Earlandia sp.
Eoendothyranopsis sp.
Eoforschia sp.
Eoparastaffella sp.
Globoendothyra sp.
Orthriosiphon sp.
Palaeoberesella sp.
Proninella sp.
Septabrunsiina sp.
Age:
Zone 10 or 11, early Visean.
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Sample C23:

Mission Canyon Limestone, unit 128.
Calcisphaera sp.
Earlandia sp.
Eoparastaffella ovalis (Vdovenko).
Palaeoberesella sp.
Eoendothyranopsis of the group E. spiroides (Zeller).
Globoendothyra sp.
relict Tournayellidae.
Age:
Zone 11, early Visean.

Sample C25:

Mission Canyon Limestone, unit 133.
Calcisphaera pachysphaerica (Pronina).
Issinella sp.
Ortonella sp.
Radiosphaerina sp.
Age:
Undetermined Visean Zone.

