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This study consists of two parts: stratigraphy and sedimentation,
and structure of rocks in the northern one~third of the Ruby Range of
southwestern Montana. Detailed studies of Cambrian marine dolomite
rocks in the Red Lion Formation and in the upper part of the Pilgrim
Limestone resulted in their division into distinct rock units, termed
lithofacies. These lithofacies contain features suggestive of sub-
tidal, intertidal, and supratidal enviromments similar to those pre=-
sently forming in the Persian Gulf. Stromatolitic structures occur-

‘ring in the uppermost part of the Red Lion Formation are similar to
those presently forming in Shark Bay, Australia.

The Ruby Range within the map area is broken into a series of
northwest-plunging basement (Precambrian metamorphic rock) blocks,
"differentially uplifted during the Cretaceous-Tertiary orogenic
period. These blocks are bordered by upthrust faults, which are -
nearly vertical in their lower segments and are low-angle in their
uppermost parts. Asymmetrical folds in Paleozoic sedimentary rocks
formed in response to the differential uplift of the blocks; thus
they too plunge to the northwest. Displaced masses of rock border
the range on the three sides within the map area and are interpreted as
gravity-slide features resulting from uplift of the range. Normal
faulting began blocking out the present range margins by Oligocene
time.
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INTRODUCTION

This paper concerns the stratigraphy and structure of the nor-
thern part of the Ruby Range of southwestern Montana. The area is
enclosed by 45° 15' to 45° 24' N, lat., and 112° 07' 30" to 112°
22' 30" W. long. (Fig. 1, dark stippled area). It occupies about.
85 square miles and includes the mountainous region of the following
quadrangles: Beaverhead Rock SE, Beaverhead Rock NE, Laurin Canyon,
and Sheridan. The altitude ranges from about 5,000 feet.to 9,500
feet.

Numerous workers have studiedlthe Cambrian rocks of Montana.
and adjacent areas, but detailed studies are lacking. Thus, one
major objective of this project was to study the Cambrian carbonate
rocks of the Ruby Range, specifically the Red Lion Formation and the
upper part of the Pilgrim Limestone. The second major objective was
to analyze the post-Precambrian structural features in an effort to
determine the structural history of the area. This phase of the pro-

ject was facilitated by preparation of a detailed geologic map.
PROCEDURE

During the summers of 1967 and 1968 about 6 months were spent in
the field measuring stratigraphic sections and compiling a detailed
geologic map of the sedimentary strata in the northern part of the

Ruby Range. Cambrian formations were sampled in detail, especially






the upper part of the Pilgrim Formation and the Red Lion Formation
which were studied closely. Other formations were sampled mainly
in an effort to obtain representative samples. Thin sections, pol-
ished slabs, and hand specimens were examined to analyze the units.
Fossils were collected from most of the formations to facilitate
regional correlation.

Mapping was done directly on Mylar topographic maps (scale,
1:24,000) cut into quarters for field use; data were transferred to

duplicate maps at the end of each day.

PREVIOUS WORK

The first geologic notation on the Ruby Range was recorded by
a Hayden Survey party that briefly observed the mountains in Sep-
tember, 1871, calling them the Stinking Water Range (Hayden, 1872,
p. 36-39, 143, 259-261). A more detailed examination was made by
Earl Douglass who collected Cambrian and Mississippian fossils from
the northeastern part of the range in 1902 and again in 1905
(Douglass, 19053 1909). A Cambrian stratigraphic section was measured
by Hanson (1952) in the McHessor Creek drainage area and used for
regional correlation in southwestern Montana, and a small Precambrian
sedimentary iron ore deposit in the northern part of the Ruby Range
was mapped by James and Wier (1960).

Other studies of the Ruby Range (south of the area of this

report) include those of Klepper (1950), Heinrich (1960), Becker



(1961), Dorr and Wheeler (1964), Wier (1965), and Giletti (1966).
Reference to many economic geology papers pertaining to the southern

two-thirds of the range are recorded in Heinrich (1960).
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STRATIGRAPHY

The major emphasis in this part of the project applies to the
Cambrian, especially from the standpoint of sedimentologic and
environmental studies of the carbonate units. The strata were
divided into "lithofacies," rock units that exhibit a unique recog-
nizable outcrop character and have a similar genetic significance.
Presentation of the data is twofold--descriptive and interpretative.
Description is both megascopic and microscopic and is separate from
the environmental interpretation.

Significant lateral facies changes were not observable within
the relatively small area this project encompasses probably because
the regional Cambrian depositional environments were widespread and
uniform. However, by using Walther's Law (cf., Visher, 1965), which
states that lateral positioning of sedimentary facies tends to be
similar to that of their vertical superposition, an interpretation
of facies positioning was possible.

Strata other than those of Cambrian age were studied in only
moderate detail in the field and laboratory, but fossil collections
were made where possible.

The classification of carbonate rocks used in this study is
that of Dunham (1962), shown in Figure 2. Observations of polished
slabs and hand specimens were commonly more useful than those of

thin sections because dolomitization of much of the strata is intense.



THICK,
AGE UNIT (faet }|IOG DESCRIPTION
o| £|Tufa 0-100 [LT] limestone, spring deposit
Slunnamed cgl [50-?  |#%%2 pebbles and cobbles in sandy matrix
| |Tertiary-Quat. :::} mainly basin deposits, but also young
&= undivided varies |°7%/ unstratified deposits
& g01igocene sed J150=? :&: mudstone, siltstone, cgl sandstone
; Beaverhead » foé}s conglomerate composecd of quartzite
) Fme ) 3;23’{.5 or carbonate clasts, or both
N
2 e
"8 T
2| ZlQuadrant LI interbedded fine-grained quartz
§ > Sandstone  |+200? PXd{ sandstone and light-gray weathering
T I limestone. thick-bedded,
&(g 0 p Sa
H|Kibbey Fm. ? [25-100 reddish silty dolomite, thin-bedded
1
1
L1 1light-gray weathering thick-bedded
Z| |Mission limestone. forms massive outcrops,
E Canyon 1370 ll [1 solution breccia in upper part., chert
™ Limestone 1 nodules and stringers occur locally.
2l 5
| =t
Ml
2 & -
Lodgepole T upper one-half is light-gray medium- and
Limsstone 600 thick-bedded fossiliferous limestone.
L lower part is dark shaly laminae,
| o|Thres Forks Fi 150 -,—:, clay shale, evaporite breccia, limestone
2| 4lJeffirson 1] mostly brown dolomite, but also silty
—| Fm, 250-268-1 shaly beds and evaporite breccia.
Red .ion b-170 [ clay shale of Dry Creek Member at base.
9 Fm, T Sage Member is dolomite, sandy. Algae,
Pilg~im ¥ lower member is massive gray dolomite,
S tigss 295-395 ] upper member is alga doTomyte . Sandy.
—Park . B green clay shale, with thin beds of
Shale 175 —=\ carbonate rocks in lower and upper parts
— L
E T pale yellowish brown dolomite in most
Qé SMeagher 550~ T] places, but light-gray limestone locally.
=| Z| Limestone 750 thin- to thick-bedded., middle part
Ol 1] forms good outcrops.
Wolssy Shale [50-100 :iir clay shale, sandstone in lower part,
Flathead SS 10-50 fiw)\ quartz sandstone, locally conglomeratic.
; N\ many rock types. includes metadolomite
a Mgtamorphlc ? % amphibolite, quartzite, quartzo-felds- ’
ocks & pathic gneiss, granite gneiss locally.
Table I. Generalized section of stratified sedimentary rocks.
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DEPOSITIONAL TEXTURE RECOGNIZABLE DEPOSITIONAL TEXTURE
NOT RECOGNIZABLE

Original Components Not Bound Together During Deposition Originai components

were bound together
Contains mud dwing deposition. ., R
( particles of clay and fine silt size ) Lacks mud as shown by intergr Crysialiine Carbonate
and s  skeletal matter,
o8 ed Grain-supported 20 ported contrary to yravity,
Mud-suppon v or sediment<4lcored cavities that - g
Less than More than are rooled over by organic or { Subdivide accarding to
10 percent yains 10 percent grain questionably orgamic matter and classifications designed to bear
* s grains are 100 large to be interstices, on physicat texture or diagenes:s.)
Mudstone Wackestane Packstone Grainstone Boundstane

Figure 2. Classification of carbonate rocks according to deposi-
tional textures (after Dunham, 1962).

PRECAMBRIAN

Metamorphic rocks are described only briefly because this study
is primarily concerned with younger rocks. A detailed treatment of
them can be found in Heinrich (1960).

Extensive areas of Precambrian metamorphic rocks are present
in the south-central part of the map area and to a lesser extent
in the southwestern and southeastern parts (Plate 1). Good out-
crops are scattered, the rocks typically forming smooth-surfaced
ridges with rounded crests. The foliation trends generally
northeast, in accordance with the regional structural grain in south-
western Montana. Rocks include metadolomite, quartzite, amphibolite,
many varieties of quartzo-feldspathic gneiss, and some granite gneiss

in the southwestern part of the map area.

Age--Radiometric age determinations in the Ruby Range suggest
the last metamorphic event occurred about 1600 million years ago
and was accompanied by intrusion of a granite gneiss (Giletti, 1966;

Giletti and Gast, 1961).



CAMBRIAN
FLATHEAD SANDSTONE

Nearly pure quatzitic sandstone makes up the oldest Cambrian
rocks in the area and is assigned to the Flathead Sandstone.
Exposures range from nearly complete in vertical outcrops, to
covered slopes, although typically only a few beds of the middle
part crop out. Locally the unit makes a broad outcrop, reflecting
its tendency to form a dip slope. Thickness of the Flathead ranges
from 10 to 50 feet.

The basal Flathead is exposed only in Taylor Canyon where it
is unconformable on Precambrian metamorphic rocks. The upper con-
tact is gradational with the Wolsey Shale and is placed at the
first occurrence of a shale bed more than 5 feet thick; where the
shale section is covered, the contact is arbitrarily placed where
the highest sandstone ledge meets the dip slope of the Wolsey.

Quartz grains makes up more than 99% of the Flathead. Minor
constituents include chert, wisps of clay, ﬁica, hematite, limonite,
heavy minerals and a few metamorphic rock fragments. Glauconite
occurs locally in the upper part. Light brown and shades of orange
are typical Flathead colors in the Ruby Range.

Grain size ranges from fine to coarse, but much of the Flathead
is fine~ and medium~grained. Most quartz grains are subrounded to

rounded (3.5 to 5, classification of Powers, 1953), and are cemented



by overgrowths that are optically continuous. Sutured contacts,
however, are not common. At one locality (NWiSE{ sec. 34, T. 6 S.,
R. 6 W.) rounded quartz grains with double overgrowths are common,
and one grain with a triple overgrowth was observed.

Sorting ranges from moderately to well-sorted (classification
of Folk, 1968, p. 105), with the well-sorted sands being the fine-
to medium-grained sizes. Moderately sorted sands are commonly bi-
modal, consisting of coarse sand interlaminated with fine- to medium-
grained sand.

Conglomerate lenses are common in the basal part, containing
subangular to subrounded quartz granules and pebbles in coarse-~
grained sandstone. Higher in the formation occur lentils of quartz
clast conglomerate. Typically the clasts are subangular, range.from
1l to 15 centimeters in diameter, form lentils no thicker than the
largest clast, and are assorted with coarse sand grains in a bed
that is otherwise made of fine- to medium-grained sand.

Pebbles of clay shale up to 3 centimeters in length but only a
few millimeters thick occur at the top of the Flathead in the
SEZNWZ sec. 2, T. 7 S., R. 6 W. The enclosing rock is thinly
laminated fine- to medium-grained sandstone, except for envelopes

of coarse-grained sand around some of the pebbles.

Origin--The Flathead is a transgressive marine sandstone that
must be either a first cycle deposit derived by erosion of Precambrian

metamorphic rocks, a second cycle deposit derived by erosion of Belt
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sedimentary rocks, or a combination of both. Multiple overgrowths on
some grains are indicative of a recycled sediment. The high rounding
values for most of the grains is suggestive of a second cycle
sediment. Conversely, much quartz must have been freed upon disag-
gregation of underlying metamorphic rocks; indeed, the only clasts

of metamorphic rock present in the Flathead are cobbles and pebbles
of quartz.

It seems improbable that the formation represents an ancient
beach deposit., Very few fossil beaches are known, and those that
have been described are narrow, linear features--commonly in regres-
sive deposits. In a transgressive sea relative sea level is rising,
however slowly, and the beach deposits are constantly being reworked
as they migrate shoreward. Because the offshore zone must follow
the same migration route, offshore processes would be expected to
restructure any beach deposits encountered.

One possible depositional environment for the Flathead is the
offshore area, extending seaward from the low tide line. Features
present in the formation--fine lamination, bimodal sorting, stranded
pebbles and cobbles-~that could be formed on a beach are also
typical of submerged offshore bars (Thompson, 1937). In addition,
steeply-inclined cross beds like those noted at one place in the

Flathead are common on the landward side of bars.

Age--No fossils were found in the Flathead in the Ruby Range.

Middle Cambrian trilobites of the genus Glossopleura occur in the
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Flathead in the Gallatin Range, about.60 miles east-northeast of the
map area (Tysdal, 1966), whereas about 40 miles to the north the

Glossopleura fauna occurs in the lower part of the Wolsey (Alexander,

1955). These data indicate the Flathead is older to the west and
suggest that the formation in the Ruby Range is older than Glosso-
pleura Zone time (Fig. 3). Because sedimentation was apparently
continuous from the base of the Flathead to fossiliferous strata in
the lower part of the Wolsey, it is not unreasonable to infer that
the Flathead is also of Middle Cambrian age, but it could be older. .
Chaudhuri and Brookins (1969) used radiometric techniques to
date glauconite from the upper part of the formation in Montana.
They obtained an age of 542 million years, considering it Middle

Cambrian, Their sample localities were not published, however.

WOLSEY SHALE

The Wolsey is transitional between the Flathead and Meagher
formations, forming broad benches or gentle grass—covered slopes.
Natural outcrops of the unit are not present in the Ruby Range and
the only exposure occurs in a mining exploration trench cut in the
basal part. Because the thickness of the unit ranges from only
about 50 to 100 feet, the formation is mapped with the Flathead.

Regionally the Wolsey is divisible into three parts: a basal
shale unit, containing intercalated sandstone, siltstone, and shale;

a middle carbonate unit; and an upper shale unit that grades into
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limestone of the overlying Meagher Formation (Hanson, 1952; Lebauer,
1964).

Siltstone exposed in the basal Wolsey unit in the Ruby Range is
brown, thin-bedded, and is interstratified with coarsely micaceous
olive green clay shale. The siltstone consists of quartz (85-90%),
feldspar (5-10%), glauconite (1-10%), mica (1-2%), and hematite (<1%).
Grain size is commonly in the coarse silt range, except that glau-
conite ranges from coarse silt to fine sand. Most grains are
angular to subangular, except for the fine sand size glauconite
grains which are commonly rounded. Silica cements the siltstones and
sutured grain contacts are common. Sorting ranges from moderate~ to
well-sorted. Sorting is commonly ve?y good except for the presence

of the slightly coarser glauconite grains.

Origin--The basal siltstone of the Wolsey is tramsitional between
quartz sandstone of the Flathead and clay shale of the Wolsey. This
is suggested by (1) the stratigraphic position of the siltstone between
the sandstone and the shale, (2) grain size in between that of sand-
stone and shale, (3) presence of both quartz grains and shale flakes
in the siltstone, (4) presence of silt-size grains which would be
sorted out of the depositional environment of the Flathead, and (5)
regional paleontologic data éhowing that both Flathead sand and
Wolsey shale were being deposited at the same time. The‘basal Wolsey
sediments probably are offshore winnowed clastics of the Flathead and

the intercalated shale and siltstone are indicative of fluctuations
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in the ancient shoreline.

Glauconite denotes a low or negative sedimentation rate (Cloud,
1955). Some of the fine sand~size glauconite is angular and platy
and perhaps could have formed in place by alteration of clay chips.
fhis theory is supported by Lebauer's (1964) data showing a similarity

in composition of glauconite pellets and illitiec shale.

Age--No fossils were found in the Wolsey of the Ruby Range.

Alexander (1955) reported Middle Cambrian Glossopleura and Kootenia

from the Wolsey in the Whitehall area, about 30 miles to the north.

A similar age is probable for the formation in the Ruby Range (Fig. 3).
MEAGHER LIMESTONE

Strata of the Meagher comprise the thickest Cambrian formation
in the Ruby Range, ranging from 550 to 750 feet. The thicker section
is present north of McHessor Creek (NEiSEX sec. 19, T. 6 S., R. 5 W.),
the thinner one near the head of Laurin Canyon (EiNE% sec. 8, T. 6
S., R. 5 W.). In the northern one~third of the map area faulting and
limited depth of erosion permit exposures of only the upper 100-200
feet of the Meagher. Strata adjacent to the Wolsey-Meagher contact
are unexposed in the Ruby Range, but rocks near the Meagher-Park
contact are locally exposed and are transitional. Shale beds
lithologicaily similar to the Park Shale are intercalated with

carbonate beds 50 to 100 feet below the contact, and near the top of
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the Meagher the shale units are 4 to 9 feet thick. Thus the Meagher
carbonate intertongues with the Park-like shale and the Meagher-Park
contact is placed at the uppermost Meagher-like carbonate. Upper
Meagher strata of the (thin) Laurin Canyon section, however, contain
no shale and the change from carbonate beds to shale beds is
apparently abrupt; this relationship is considered later.

The origin of the Meagher is not discussed at length because of
previous study by Lebauer (1965) and because of dolomitization. A
few salient lithofacies are noted and discussed, however.

Lebauer (1965) described rocks from 12 stratigraphic sections
in southwestern Montana. His interpretations considered mainly the
origin of mottles in the Meagher beds, although he also presented a
general picture of the depositional environment of the formation and,
discussed dolomitization briefly. Lebauer divided the formation
into three parts: a lower thin-bedded unit, a middle massive unit,

and an upper thin-bedded unit.

Lower Unit

Limited exposures characterize the lower unit in the Ruby Range,
with limestone rocks cropping out only locally in the Laurin Canyon
stratigraphic section. Thus the rocks were not studied closely, but
a brief description is summarized from Lebauer (1965). Mottled lime
mudstone makes up most of the lower unit, the non-mottleé Tock
consisting of calcite grains 5-15 microns across. The mottled areas
are irregular, composed of euhedral dolomite rhombohedra and calcite

crystals. Some of the rocks Lebauer studied exhibited a "micro-
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clotted" texture, rounded silt-size clots of. finely crystalline
calcite surrounded by lime mudstone. Fragments of trilobites
locally occur in the finely crystalline calcite. Lebauer interpreted
the sediments as having formed in quiet water, and he attributed

the mottling to burrowing, dolomitization, and movement of sclu-
tions along stylolites and small fractures with resultant alter-

ation of adjacent sediments.

Middle Unit

Rocks of the Middle part of the Meagher, and those of moat of
the younger Cambrian carbonate formations, are described and inter-
preted as lithofacies units. Lateral facies patterns depicted for
the lithofacies units are shown in figures accompanying the text.

It is important. to note that the patterns were not actually observed,
but are interpretations based on Walther's Law.

Rocks making up lithofacies of the middle unit of the Meagher
include (1) lime mudstone, (2) oncolitic packstone, (3) pelletal,
and pelletal- and intraclastic packstone, and (4) oolitic grainstone.
Figures 4 and 5 illustrate a possible lateral facies pattern for

these rock units.

Lime Mudstone--Lime mudstone of the middle unit of the Meagher

is similar to that of the lower unit, except that mottled areas are
not abundant. Figure A of Plate 2 shows the main texture.
Environment--Rock of this lithofacies appears similar to that

of the mud facies on the Bahamian platform west of Andros Island
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(cf., Purdy, 1963; Cloud, 1962). Origin of the mud is not completely
resolved, but Purdy (1963) speculated that it may be formed by dis-
integration of fecal pellets and Cloud (1962) proposed precipitation
by physicochemical processes.

Stratigraphic Position--The lime mudstone is transitional with
the mottled lime mudstone of the lower unit of the Meagher and a
boundary between the two is difficult ot determine, except that the
middle unit tends to be cliff-forming. The lime mudstone also
occurs above and below oncolitic packstone, and below pelletal pack-
stone. The interpreted lateral facies patterns are shown in Figures

4 and 5.

Oncolitic Packstone--Oncolites (Plate 2, Fig. B) of the Meagher

locally exhibit algal-like filaments which are similar to those termed
Girvanella. Measurements of the long diameter range from 5 to 10
millimeters, that of the short diameter 1.5 to 4 millimeters. The
oncolites are thus flattened, but orientation of long diameters is
not typically parallel to bedding. Flattening, therefore, occurred
before burial. The oncolites occur in lime mudstone matrix.
Environment--Oncolites occur in water sufficiently agitated to
permit. almost continual motion of the spheroid (Logan and others,
1964), In a study of modern oncolites Ginsburg (personal communica-
tion, in Freeman, 1964) found flattened forms more characteristic
of the intertidal zone, with dome-shaped and spheroidal forms
present in the subtidal zone. Although the Meagher oncolites may

have thus formed in the intertidal zone, the abundance of mud matrix
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oncolitic packstone
lime mudstone

T

NAME ENVIRONMENT | LITHOLOGY CHARACTERISTICS THﬁggg
Oncolitic Subtidal zone,| limestone flattened oncolites,
Packstone |ghoreward part lime mudstone matrbj 2-4 ft.
Lime Subtidal zone | limestone, mottling 15 ft.
Mudstone recrystal-
lized

Interpreted lateral relationships for lime mudstone and
oncolitic packstone lithofacies of middle Meagher unit,
using Walther's Law (see text, p. 5).

Figure 4.
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argues for a subtidal burial site. The stratigraphic position of
the oncolitic packstone marginal to, and intertonguing with, (sub-
tidal) lime mudstone suggests this rock formed in the shoreward
part of the subtidal zone.

Stratigraphic Position--The oncolitic packstone is both over-
lain and underlain by lime mudstone. Interpreted lateral relatioms

are shown in Figure 4.

Pelletal Packstone--The ¥ollowing summary is taken in part from

Lebauer (1965). Pellets of the Meagher (Plate 2, Fig. C) are rounded
to ellipsoidal, avefage % millimeter in diameter, and are composed
of cryptocrystalline calcite. Locally aggregates of pellets occur.
The matrix is medium- to coarse-grained calcite.
Commonly present in the uppermost part of the lithofacies in the
Ruby Range are whitish twig-like structures (Plate 2, Fig. D), noted
previously by Hanson (1952) and Robinson (1963). In the Ruby Range
dolomitization has destroyed any original texture that may have
been present and all that remains is dolomite of fine- and medium-
crystallinity (30-90 microns in diameter). Diameter of the twig-
like structures ranges from 1 to 3.5 millimeters, the length ranging
to 1 centimeter. The structures may be isolated or exhibit a dendritic
pattern. This unit is difficult to recognize in the field.
Environment--This lithofacies is interpreted as a subtidal
deposit, formed shoreward of the lime mudstone lithofacies. A
similar facies relationship is noted by Purdy (1963) for the sedi-

ments of the Great Bahama Bank. The few pelletal aggregates of the
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Meagher sediment occur near the transition into oolitic rocks. This
parallels a like relationship in the Bahamas noted by Purdy (1963)
and by Ball (1967). The aggregates may reflect the change into an
environment of greater current action and be, in effect, intraclasts
of pelletal material.

Origin of the twig-like structures is unknown, but they have
been suggested as organic (cf., Robinson, 1963). Their occurrence
in this facies is commonly near the transition into oolitic rocks,
suggesting an environmental control.

Stratigraphic Position--The pelletal packstone unit overlies
lime mudstone and underlies oolite grainstone, being transitional

with it. Figure 5 shows the interpreted facies pattern.

Oolite Grainstone--Extensive description of much oolitic rock

of the Meagher was presented by Lebauer (1965) and is briefly sum-
marized here; dolomitization of this lithofacies is extensive in
the Ruby Range, obscuring most of the detail.

Oolites average % millimeter in diameter and exhibit both
concentric and radial structure. Nuclei of the oolites are com-
posed of cryptocrystalline calcite, pellets, and less commonly fossil
fragments. Crystalline calcite (dolomite in the Ruby Range) makes
up the matrix material.

Environment-~Oolites form in water sdpersaturated with calcium
carbonate and where sediment is subjected to strong current action
(Eardley, 1938; Illing, 1954; many others). The water is commonly

shallow, typically less than 6 feet deep in the Bahamas (Purdy, 1961)
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oolitic grainstone

pellestal packstiji7

NAME ENVIROMMENT | LITHOLOGY | CHARACTERISTICS THIZKS
Oolitic intertidal dolomite | structures almost | 100 ft.
Grainstone zone totally destroyed |
H
Pelletal subtidal limestone, rounded to
Packstone zone recrystal- ellipsoidal pellets 30 ft.
lized
Lime subtidal limestone, mottling 15 ft.
Mudstone zone recrystal~
lized
Figure 5. Interpreted lateral relationships for lime mudstone, pelletal

packstone, and oolitic grainstone of middle Meagher unit,
using Walther's Law (see text, p. 5).
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and in the Persian Gulf (Rinsman, 1964; 1969).

Oolite deposits of the Meagher are extensive, thus may have
formed over extensive area or may simply have migrated as bars
. across. shallow areas. Similar deposits in the Bahama Islands occur
at the platform margins adjacent to sites of upwelling from hundreds
of feet below sea level. In contrast, those of the Persian Gulf
occur near lagoon entrances, the water shoaling from depths of
only 125 feet below sea level. No evidence of a bank environment
comparable to that of the Bahama Islands was found in the Ruby Range,
nor was evidence for one reported by Lebauer (1965) in his regional
study. It seems, therefore, an analogy with the Persian Gulf is
the more probable comparison.

Stratigraphic Position--0Oolite grainstone overlies pelletal

packstone, a possible lateral relationship shown in Figure 5.

Upper Unit

Yellowish-mottled dolomitic lime mudstone similar to that of
the lower unit characterizes much of the upper unit. of the Meagher.
Except at the thin Laurin Canyon section, the upper 100-150 feet
of the Meagher contains a few oolite grainstone beds, flat pebble

conglomerate, and interbedded clay shale.

Mottled Pelletal Lime Mudstone--Pelletal lime mudstone (Plate 2,

Figs. E,F) makes up the gray part of the rock in this lithofacies.
The pellets range from 40 to 80 microns in diameter and are made of

mudstone with grains less than one micron in diameter; grains of- the
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mudstone matrix range to 5 microns in diameter. The yellowish mottled
areas are composed of calcareous dolomite grains that are dominantly
euhedral and 30 to 60 microns across.

Typical of the lime mudstone is small-scale, very low angle
cross-lamination. Thin-sections reveal a laminar arrangement of the
larger pellets and concentration into a few laminae. A few recrystal-
lized fossil fragments also are present. Yellowish silty calcareous
dolomite makes up the mottled areas (Plate 2, Fig. F). Shapes of
the mottled areas are irregular, measuring to 1 centimeter thick and
1 to 4 by 5 to 10 centimeters across. Mudstone laminae are abruptly
truncated by sediment forming the mottled areas.

Environment--Rock of this lithofacies is like that of the
pelletal mud facies of the Bahamas (Purdy, 1963), except for the
yellowish silty mottled areas. It is also similar to part of the
subtidal lagoonal complex in Khor Al Bazam, Persian Gulf, described
by Kinsman (1969). Absent are typical intertidal features such as
the persistent algal mats of the Persian Gulf and the intensive
burrowing and resultant non-laminated sediment of the Bahamas.
Desiccation features were not observed.

The small-scale low angle cross-lamination attests to some
current action, and distribution of larger pellets into particular
laminae argues for variability in current strength. Weak currents.
are probable as suggested by the mud matrix (lack of winnowing)
and by preservation of the pellets tﬁemselves,‘structures shown to

be fragile (Purdy. 1963). .



PLATE 2

Figure A. x 95 plane light. Common texture of lime mudstone in
middle unit of Meagher Limestone.

Figure B. x 4 plane light. Oncolitic packstone of middle unit of
Meagher Limestone. Note differing orientations of flattened
oncolites.

Figure C. x 30 plane light. Pellets and pelletal aggregate of middle
unit of Meagher Limestone. Apparent structure of pellets
is due to recrystallization of calcite.

Figure D. x 2. Twig-like structures present in middle part of
Meagher Limestone.

Figure E. x 3 plane light. Mottled pelletal lime mudstone from
middle unit of Meagher Limestone. Figure shows vertical
burrow, yellowish mottled area at top. Section is a
vertical slice across long axis of mottled area of sample
in Figure F below.

Figure .F. x 4. Mottled pelletal lime mudstone from middle unit of
Meagher Limestone, with yellowish mottled area outlined.
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Infilling of erosion~formed depressions would be a likely mode
or origin for the mottled areas, although they could possibly be
formed by burrowing. Clearly, abrupt termination of the mudstone
laminae shows that the depressions and mottled areas formed after
the mudstone. In addition, the quartz silt present only in the
mottled areas suggests a new sediment type (and source?). A higher
energy environment may be suggested to explain cutting of the
depressions, for transporting the quartz silt, and because of the
presence of vertical burrows. Compared to the environment of
horizontal burrows, vertical burrows are commonly found where higher
energy conditions exist at the sediment-water interface (Rhoads,
1967). Indeed, some of the depressions aré elongate and appear
similar to small-scale linquoid ripple marks, structures presently

forming in turbulent water with sinuous flow lines (Allen, 1963).

Age--Fossils obtained from the Meagher are poorly preserved.
Collections were made from the upper 100 feet of the formation in
the NE4NEZ sec. 29, T. 5 S., R. 5 W., and identified by A. R.
Palmer (written communication, 1968). The fossils include the

brachiopods Micromitra and Opisthotreta, and the trilobites

Kootenia?, a pygidium of either Kootenia or Olenoides, and marjumids.

Palmer stated that '"the total aspect...is of faunas of late Middle

Cambrian age" (Fig. 3).
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PARK SHALE

Rocks assigned to the Park Shale rarely crop out and a gently
sloping grassy bench commonly marks the trace of the formation. A
fairly well exposed outcrop of the basal part occurs in the NEiNEZ
sec. 19, T, 6 S., R. 5 W., and an excellent outcrop of the upper 50
feet is exposed in the SWiSWi sec. 33, T. 5 S., R. 5 W.

As described above, the contact of the Park with the underlying
Meagher was placed at the uppermost bed of Meagher-like carbonate
rock. Commonly, the upper contact is concealed by float from the
Pilgrim Formation, but where exposed the contact is sharp. The
significance of this contact is discussed later.

Thickness of the formation is about 175 feet, most of which is
finely micaceous grayish-olive fissile clay shale. Near the base
are scattered layers of thin-bedded yellow and orange nodules of
limestone; these commonly contain trilobite hash, phosphatic
brachiopods, oncolites, or limestone pebbles. Dolomite nodules

crop out near the top of the Park.

Origin--The Park is commonly thought to represent a temporary
regression in the dominantly eastward transgression of the Cambrian
seas. It is thus implied that the source of the sediment was to the
east, but some of the sediment may have come from central Idaho,
as Robinson (1963) has.pointed out.,

Palmer (1960) has shown that Cambrian sediments in the Great
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Basin are divisible into an inner and an outer detrital belt, with

a carbonate belt in between. He stated (Palmer, 1966) that "during
most periods of contraction of carbonate sedimentation, the carbonate
belt was interrupted across central Idaho," and that "an important
tectonic positive area west of central Idaho is indicated by...re-
peated interruptions of the carbonate belt across central Idaho..."
Hobbs and others (1968) described quartzites in central Idahko of
Early to Middle Cambrian age which are separated from early Middle
Ordovician rocks by an undated quartzite unit. Perhaps some of the
Park sediment was winnowed from this western facies.

The nodules of dolomite cropping out in the upper part of the
Park occur in Robinson Canyon (SWiSW: sec. 33, T. 5 S., R. 5 W.).
The nodules are 'pod" shaped (see sketch, Fig. 6) with dimensions
averaging about 5 by 3 by 3/4 inches. Pods are isolated within the
soft clay shale of the formation, although many occur at the same
stratigraphic level, Silty dolomite mudstone forms the inner part
of each pod, with micaceous dolomitic siltstone enveloping it.

A cross-section of one of the pods shows the laminae to be
terminated abruptly on one end and tapered on the other as if
pulled laterally; the inner part, or "core" reflects this pattemrn.
Formation of the pods may be reconstructed in sequence as follows:
(a) deposition of detrital material, coarsening from clay to silt
and forming a thin layer of quartz silt; (b) deposition of a layer
of carbonate mud, containing less than 20 percent quartz silt;

(c) deposition of another layer of silt, grading upward to detrital
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Figure 6. Sketch showing features of dolomite "pod" from the
upper part of the Park Shale. Features are described
in text. Sketch is about natural size of pod.
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material of clay size; and (d) differential compaction and formation
of the pods after burial of the layers. As the weight of the over-
lying sediment increased the still plastic carbonate mud flowed
laterally. The thicker parts of the irregular mud layer may have
served as loci for pod formation. Shearing in the silty laminae
paralleled flowage of the mud, creating a tapering of the laminae
(right side of Fig. 6) and abrupt truncation of laminae (at left)
where the mud layer broke abruptly.

Grant (1965, p. 14~15) explained limestone pods in shale of
the Sage Member of the Snowy Range Formation as concentrates of
lime mud in depressions such as ripple troughs, The method is
attractive, but fails to account for the structures in the pods of
the Park. Another possibility is that calcareous algae could have
concentrated the lime and trapped silt, but no evidence of algae
was observed in the pods.

The contact of the Park with the overlying Pilgrim is sharp in
the Ruby Range. Silty dolomite mudstone occurs in the upper 15
inches of the Park and is overlain by dolomite-~pebble conglomerate
grainstone of the basal Pilgrim. Two factors suggest that perhaps
this sharp contact represents an environmental change rather than a
break in the sedimentary record: (1) the occurrence of dolomite
mudstone in the upper 15 inches of the Park instead of fissile
clay shagle, and (2) the presence of fossils in the upper part of
the mudstone. In general, fossils in Cambrian rocks seem to be most

~
common in beds transitional between those dominating the formatioms
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above and below a mutual contact.

The change from Park to Pilgrim strata in southwestern Montana
is considered by most authors to be gradational, exemplified by
interbedding of shale and limestone or dolomite rocks. A survey of
the literature shows that in most cases the contact is concealed,
however, and where exposed it is sharp (cf., Hanson, 1952, sections
3, 19, 20, and 21; Robinson, 1963; McMannis and Chadwick, 1964; Karlstrom,
1948). In south-central Montana, though, Hanson (1952) found the

contact to be clearly transitional.

Age--Fossils collected from the Park are poorly preserved and
were obtained from the lower part of the formation. They were identi-

fied as Kootenia or Olenoides, along with undetermined ptychoparioids,

and were assigned a Middle Cambrian age (written communication, A. R.
Palmer, 1970). Palmer noted'that "one undetermined ptychoparioid

is similar to several late Middle Cambrian forms, but without a
larger sample a meaningful determination cannot be made." (See

Fig. 3.)
PILGRIM LIMESTONE

Thickness of the Pilgrim ranges from 295 to 395 feet. The
thickest section was measured just north of McHessor Creek in the
SWiSE% sec. 18, T. 6 S., R. 5 W., the thinnest near the head of

Laurin Canyon. (EZNE% sec. 8, T. 6 S., R. 5 W.). The basal beds of
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the unit are almost everywhere covered, with the Park-Pilgrim contact
exposed only in one place, Robinson Canyon. This contact was dis-
cussed above in the description of the Park, Good exposures charac-
terize the remainder of the formation. The upper contact is
thought to be conformable with the overlying Dry Creek Member of the
Red Lion Formation and is discussed with that member.

The Pilgrim in the Ruby Range is divisible into two distinct but
informal members--lower and upper. The lower member is mainly dolo-

mite, whereas the upper one 1s dolomite and quartz sandstone.

Lower member

The lower member ranges from 200 to 270 feet thick. The lower
and upper few tens of feet of the member are characterized by thicker
bedding than the main body of the unit. Thin-section study reveals
few details due to dolomitization, but polished slabs of the rock
show faint mottling, hints of replaced oolites, and white twig-like
structures similar to those noted in the Meagher. 1In addition,
glauconite occurs locally. Medium and thick beds are typical of
these strata, which weather light gray.

A distinctive repetition of 2 to 10-inch-thick intervals of
yellowish shaly dolomitic laminae characterize the main part of
the lower member of the Pilgrim., Features of the dolomite between
the intervals of shaly laminae are obscured by dolomitization and
weathering in most outcrops. Part of the McHessor Creek section

is less weathered than elsewhere, however, revealing the thinly
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Shaly laminae 6
Laminated dolomite 18
Pebble conglomerate, dolomite 3
Laminated dolomite 6
Shaly laminae 3
Laminated dolomite 6
Mottled dolomite 11
Mottled dolomite? N
Mottled dolomite 6
Bioclastic dolomite 3
Pebble conglomerate, dolomite 3
Bioclastic dolomite 3
Pebble conglomerate, dolomite 3
Laminated dolomite 12
Pebble conglomerate, dolomite 3
Laminated dolomite 5
Mottled dolomite 3

Shaly dolomite laminae A 10 ¢

- 17

Figure 7.

Abbreviated measured section showing repetition of
thinly bedded strata in the middle part of the lower
member of the Pilgrim Formation. Units are described
in Appendix: measured section H, between 175 and

184 feet.
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bedded, repeated strata of the 175 to 184-~foot interval shown in
Figure 7. The presence of similar rocks a few miles to the north .
(Robinson, 1963) suggests widespread deposition of these beds in a
very broad, flat depositional environment in which relative sea
level changes regularly occurred. Unfortunately, because of
dolomitization, thin-sections reveal even less than the polished

slabs, thus limiting the possibility of further interpretation,

Upper member

Dolomite with an abundance of quartz sand distinguishas the
upper member of the Pilgrim, The outcrop expression is more like
that of the overlying Red Lion than tﬁe underlying Pilgrim. As-
gignment of this unit to the Red Lion seems incorrect, however,
because shale of the Dry Creek Member of the Red Lion is present
near the middle of the combined sequence and. by definition, marks
the base of the Red Lion Formation (c¢f., Lochman, 1950).

Figure 8 shows a generalized vertical sequence of the litho-
facies units making up the upper member of the Pilgrim and the
overlying Red Lion Formation in the Ruby Range. The lithofacies

units of the Pilgrim are described below in ascending order.

Sandy Laminated Boundstone--Thin beds of finely laminated silty

and sandy dolomite characterize this lithofacies (Plate 3, Fig. 4).
The silt and sand grains are quartz and are commonly concentrated
along laminae which weather in relief on the outcrop face. .Typically

the laminae are flat, but locally they are wavy, somewhat like
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SUPRA-
TIDAL

INTERTIDAL

SUB=
TIDAL

NAME OF LITHOFACIES UNIT

Columnar Boundstone

Dome=-shaped Boundstone

Medium~-bedded Boundstone

Thin-bedded Boundstone

Laminated Crystalline Dolomite

Mud-cracked Boundstone

Ribboned Boundstone

Bioclastic Grainstone

Dolomitic Quartz Sandstone

Fissile Clay Shale

RED LION FORMATION

Sandy Crystalline Dolomite

Sandy Laminated Boundstone

Dolomite Mudstone

Cross=hedded Sandstone

Sandy Laminated Boundstone

| Intraclastic Crystalline Dolomite

Shaly Crystalline Dolomite

| Intraclastic Crystalline Dolomite

Nodular Boundstone

Bioclastic Packstone

"Nodular Boundstone

Sandy Laminated Boundstone

PILGRIM LIMESTONE (upper member)

Figure 8. Vertical sequence of lithofacies units occurring in the
upper member of the Pilgrim Limestone and in the over-
lying Red Lion Formation. Jagged line slopes to left
for sediments deposited during transgression of sea, to
the right for sediments deposited during regression of

sea.
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stromatolitic mat algal structures.

Dolomite makes up 75-807% of the rock, except near bedding sur-
faces where the beds are mainly composed of closely-spaced sandy
laminae. Grain size of the dolomite commonly ranges from 60 to 120
microns, but near bedding surfaces grains may be no larger than 5
microns. Quartz comprises the remainder of the rock (20~25%),
consisting mainly of subangular to subrounded coarse silt (30-60
microns) grains. Near beddiﬁg surfaces, however, the quartz grains
are rounded and of fine_sand size.

Environment--The inferred environment for this rock type is
intertidal. The stromatolitic mat algae suggest binding of the
grains in the intertidal zone, and where the algae are absent the
sand may be considered part of a beach deposit. Kendall and
Skipwith (1969) found adjacent beaches and intertidal flats composed
of quartz~rich sediment in the Khor Al Bazam Lagoon, southwest Persian
Gulf. In addition, the abundance and large size of the quartz grains
in the sandy laminat.ed boundstone suggest that they are not of sub-
tidal or supratidal origin. The quartz grains in the Khor Al
Bazam Lagoon show a distribution similar to that noted here, and grain
transport is along the shore zone.

Frequent changes in wave energy are suggested by the observation
that the laminae show changes in grain size from coarse silt adjacent
to the mat algae and coarse silt to fine sand elsewhere. The algae
probably persisted or grew more rapidly during times of lower energy

and trapped the finer grained sediment. Under higher energy conditions
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they may have been killed as suggeste& by the association of coarser
grains with fewer algal laminations or none at all. Some of the
laminae present in these latter beds may be explained by the segre~
gation of quartz grains into different size distributions. The
coarser grains or mixed fine and coarse grains reflect higher energy
conditions and/or rapid deposition. In either case mat algae were
unlikely to be established. The suggested energy changes may reflect
‘only a change in tidal amplitude, perhaps due to daily tidal fluctua-
tions.

Stratigraphic Position-~In the basal strata of the upper Pilgrim
member this lithofacies commonly overlies oolite grainstone of the
lower member and underlies nodular boundstone. Upward, the umit
reappears many times and is commonly interbedded with dolomite mud-
stone, although it also occurs below the cross-bedded sandstone unit.
The interpreted lateral facies patterns are show in Figures 11, 12

and 13.

Nodular Boundstone--Strata of this lithofacies (Plate 3, Fig. B)

are thinly-bedded, grayish red-weathering, and consist of interlayered
dolomite and mat-algal laminated dolomite. Dolomite makes up 55-70
percent of the rock and quartz 30-45 percent, the quartz grains being
concentrated along algal laminae. Rounded intraclasts of dolomite

are present locally, measuring # to 1% centimeters in diameter and
composed of the same sediment as that of the matrix., Small-scale
cross stratification is evident in the intraclastic rock and mat-
algal fragments occur locally. Burrows are present but are not

abundant. Dolomitic casts of worm trails to one centimeter across
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nodular boundstone

ﬂ};! 11 LL] { { %J_L.—
NAME ENVIRONMENT | LITHOLOGY | CHARACTERISTICS Tﬂﬁggg
Bioclastic subtidal to dolomite ghosts of spines 5-7 ft.
Packstone intertidal common
intertidal dolomite |interlayered dolo-
Nodular zone, upper mite and algal-lami-| 3 ft.
Boundstonq part? nated dolomite
Figure 9.

Interpreted lateral relationships for nodular boundstone

and bioclastic packstone lithofacies, using Walther's Law
(see text, p. 5).
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are present at the surfaces of a few beds and disrupt the stromato-
litic laminae.

Microscopic examination shows the dolomite of both the intra-
clasts and the matrix to be anhedral, the grains ranging between 30
and 60 microns in diameter. Quartz grains are of sand size and
commonly range from 100 to 150 microns in diameter (fine sand).. A
few grains with 300 to 400 micron diameters are also present but
they comprise less than 5% of the sand. Overgrowths are exhibited
by the larger, rounded grains; the smaller grains are subangular and
lack overgrowths.

Environment-~This lithofacies is interpreted as a deposit of the
intertidal zone by analogy with the stomatolitic intertidal deposits
of the Persian Gulf, described by Kendall and Skipwith (1968; 1969)
and Kinsman. (1969). Interlayering of algal and non-algal sediments
may reflect a periodic shifting of the facies environment, with the
non~algal sediment being deposited more rapidly. Thus algae would
not have had sufficient time to become established. The nodular
tendency probably reflects differential compaction.

The rounded intraclasts may be indicative of the upper part of
the intertidal zone, rather than the supratidal zone, as no desic-
cation features as associated with the strata. However, the clasts
may be of supratidal origin, with deposition occurring in the inter-
tidal zone perhaps during storm action. Cross-bedding suggests rapid
deposition, as shown by the range in clast size (% to 1% centimeters).

The presence of rippled-up mat algal sediment in the clastic rock and
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nodular boundstone
intraclastic crystalline dolomite
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NAME ENVIRONMENT LITHOLOGY CHARACTERISTICS TH%EE;
Intraclastic thick-bedded, near-
Crystalline intertidal dolomite ly featureless dolo~ 5-7 ft.
Dolomite mite
Nodular intertidal, dolomite | interlayered dolo-
Boundstone | upper part? mite and algal-lam- 3 ft.
inated dolomite

Figure 10. Interpreted lateral relationships for nodular boundstone
and intraclastic crystalline dolomite lithofacies, using
Walther's Law (see text, p. 5).
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capping of the beds with continuous algal laminae are characteristic
of an intertidal sediment.

Stratigraphic Position--~The nodular boundstone lithofacles occurs
between sandy laminated boundstone (below) and bioclastic packstone
(above), and also sandwiched between units of intraclastic crystal-

line dolomite. Interpreted lateral facies relationships are

illustrated in Figures 9 and 10.

Bioclastic Packstone--~This lithofacies is mainly composed of

fossil hash (50-70%) in a matrix of fine-grained dolomite (30-50%).
Spicule ghosts (Plate 3, Fig. C) commonly make up the only identifiable
fragments, with minor intraclasts and oolites. Spicules are oriented
about parallel to bedding, measure to 10 millimeters in length, and
range from 150 to 300 microns in diameter. They are largely sup;
porte& by a fine~-grained dolomite matrix with grain size ranging from
10 to 50 microns. Local patches of 300-microns grain-size dolomite
occur at random, and some of the patches are probably burrows.

Intraclasts range from 2 to 12 millimeters long and are mainly
composed of dolomite grains 10-25 microns in diameter. Other com-
ponents include angular quartz grains of coarse silt (60 microns across)
and oolites that show concentric structure. The latter are made of
dolomite grains 10~15 microns in diameter and are themselves 300-400
microns in diameter.

Environment--Deposition of this lithofacies probably took place

in the subtidal zone as the sediment is similar to that described by
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Kendall and Skipwith (1968; 1969; 1969a) and Kinsman (1969) in the
subtidal zone of the Khor ‘Al Bazam Lagoon, southwest Persian Gulf,
A lack of sorting is shown by the types of components present and by
the contrast in size of the components. The abundance of fine-
grained dolomite suggests a lack of currents for winnowing; the
oolites and intraclasts are thus interpreted as admixed constituents,
perhaps deposited during storms.

Stratigraphic Position--Bioclastic packstone occurs at only one
position in the upper member of the Pilgrim—--above and below nodular

boundstone. Interpreted facies relations are shown in Figure 9.

Intraclastic Crystalline Dolomite--Crystalline dolomite (75-907%)

is the main component in this lithofacies (Plate 3, Fig. D) with
quartz (12-25%) and feldspar (1-3%) g;ains also present. The rocks
are thick-bedded and weather dark yellowish brown, Grain size is
typically medium-crystalline, ranging between 100 and 250 micronms.
Quartz grains are very fine sand size, 60 to 125 microns. Most of
them are subangular, the larger ones rounded. Feldspar grains are
angular. No preferred orientation of grains are noted.

Intraclasts make up 10 to 25 percent of the rock and, except in
the upper few feet of the lithofacies, are of subrounded dolomite
grains 1 to 2 centimeters in diameter. Intraclasts in the upper
part of the lithofacies range from 2 to 6 centimeters in diameter
and are composed of mat algal dolomite.

Environment--An intertidal position is suggested by its strati-

graphic position immediately above and below a rock (shaly crystalline



Figure A.

Figure B.

Figure C. .

Figure D.

Figure E.

Figure F.

PLATE 3

Sandy laminated boundstone from upper member Pilgrim
Limestone. Note. wavy laminae in NE% of picture.

Nodular boundstone (thin beds above hammer) from
upper member of Pilgrim Limestone.

x 6 plane light. Ghosts of spicules in bioclastic
grainstone of upper member of Pilgrim Limestone.

Thick beds of intraclastic crystalline dolomite,
upper member of Pilgrim Limestone.

Zone near center of picture is shaly crystalline
dolomite in upper member of Pilgrim Limestone.
Scale is about 6 inches long. See Figure F, below.

x 3. Boudins in shaly crystalline dolomite. Picture
shows one large boudin enveloped by numerous smaller
ones.
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dolomite) of probable supratidal origin. The lack of detail and
distinctive features limits further interpretation.

Stratigraphic Position--Intraclastic crystalline dolomite is
present only in.the lower part of the member. It commonly occurs
between nodular boundstone (below) and shaly crystalline dolomite
(above), or locally overlies the latter and underlies sandy laminated
boundstone. Interpreted stratigraphic relations are show in Figures

10, 11 and 12.

Shaly Crystalline Dolomite--This rock (Plate 3, Fig. E) consists

of thinly -bedded finely--laminated silty dolomite that is locally
stromatolitic. The silt fraction is composed of feldspar grains

that range from 60 to 100 microns in diameter and diagenetically
replace dolomite rhombohedra, making up 20 to 40 percent of the rock
locally. The dolomite is medium crystalline, ranging from 60 to 100
microns across. The lithofacies occﬁrs in sequences to 10 centimeters
thick.

Grayish mud chips bordered above and below by mat algae occur
locally on the facies. The chips are angular and to 5 millimeters
across. Boudinage-like structures are also present, shown. in Plate
3, Figure F.

Environment--This lithofacies is interpreted as representative
of the supratidal zone.. Shinn (1968), Shinn and others (1969), and
van Stratten (1954, cited in Matter, 1967) have described and
illustrated modern marsh sediments containing mud chip structures

similar to those described for the Pilgrim, Braun and Friedman (1969)
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shaly crystalline dolomite

intraclastic crystalline dolomite
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NAME ENVIRONMENT | LITHOLOGY | CHARACTERISTICS T‘%ggg
Intraclastic . , thick-bedded, non-
Crystallire intertidal dolomite descriptive 48 ft.
Dolomite
Shaly yellowish shaly 0-6
Crystalline supratidal dolomite | chips locally has inches
Dolomite small boudins

Figure 11. Interpreted lateral relationships for shaly crystalline

dolomite and intraclastic crystalline dolomite lithofacies,
using Walther's Law (see text, p. 5).
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have described boudinage structures in Ordovician strata similar to
that of the Pilgrim, and interpreted it as a marsh deposit.

Origin of the mud chip structures (called "lumpy structure" by
Matter, 1967) is attributed to deposition during storms, followed
by desiccation and mud-cracking (Shinn and others, 1969). Some
chips may have originated'in part from burrowing, as described
both by Shinn (1968) and Matter (1967). Boudinage structures probably
owe .their origin at least in part to differential compaction.

Stratigraphic Position--Rock of this lithofacies is present at.
only one interval in the upper member, and is bounded above and
below by iﬁtraclaatic crystalline dolomite (the clasts being made of
algal boundstone). The interpreted lateral facies relationships.

are illustrated in Figure 1l.

Cross-bedded Sandstone-~~Rock of this lithofacies (Plate 4,

Fig. A) is composed of quartz (40-100Z) and dolomite (0-60%Z). The
quartz grains are of fine to medium sand, stze;~rimige from90 to 300
microns in diameter, are mostly rounded,and are moderately to well-
sorted. Overgrowths are common, even where grains appear. isolated
in dolomite. The dolomite is finely crystalline, with grain dia~-
meters of 15 to 35 microms.

Thickness of the unit is not consistent; it ranges from about
4 feet to as much as 7 feet, although the latter thickness is
unusual. Where thick, the sandstone unit commonly does not. crop

out, but instead weathers into blocks which form talus piles.
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Tabular and locally trough cross-beds are distinctive features
of this lithofacies, the forms corresponding to the avalanche and
accretion deposits of Imbrie and Buchanan (1965). Avalanche deposits
are composed of steeply inclined (about 30°), tabular cross strata
that terminate abruptly at the lower boundary surface of the set.
Thickness of sets commonly ranges from 15 to 30 centimeters. The
accretion deposits are gently inclined, curved, tapering cross strata,
with the maximum angle of dip less than 30°. The cross strata meet
the lower boundary surface at a low angle or are tangential. Thick~
ness of the sets is typically about 15 centimeters. Accretion deposits
are not common in the Pilgrim but they do occur locally.

Environment-—A clue to the origin of the cross stratified unit
is its stratigraphic position above strata of probable intertidal
origin and beneath strata of probable supratidal origin. Deposits
with similar characteristics extend along the seaward margin of the
supratidal zone west of Andros Island, Bahamas (Shinn and others,
1969), where they make up beach ridges, measuring 1 to 5 feet high
and hundreds of feet across. Ridges less than 2 feet high are
laminated, whereas those 3 to 5 feet high show trough and tabular
cross~-bedding (Shinn and others, 1969, p. 1212). The cross-bedded
sandstone of the Pilgrim displays similar trough and tabular cross
beds, although the Pilgrim ridges are made of quartz grains, whereas
those of the Bahamas, in the absence of quartz, are made of carbonate
shell debris. In both cases, however, the grains are of sand size,

important when considering dimensions of the deposits, as pointed
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sandy laminated boundstone
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Intraclastic thick-bedded,
C;yita?%ine intertidal dolomite non-descriptive 4=-8 ft.
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Figure 12. Interpreted lateral relationships for intraclastic crystal-
line dolomite, sandy laminated boundstone, cross-bedded
sandstone, and dolomite mudstone lithofacies, using
Walther's Law (see text, p. 5).
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out by Shepard (1960, p. 191). He showed that sand beaches are of
limited height above a plain because waves can easily move the sand
inland across the plain. Accordingly, sandy beach ridges of storm
origin are raised only a few feet above the tide levél which produced
them. Shepard also noted that these ridges are very broad, quite

in contrast to the steep-sided ridges composed of gravel and shell
material. Thus the beach ridges of the Pilgrim (and the Bahamas) are
only a few feet high, but hundreds of feet in width.

The beach ridges of the Pilgrim are thought to be part of a
regressive sequence. If so, the zone of broad, low deposits might be
expected to have migrated laterally, with later deposition of additional
ridges. The small vertical dimension makes it very difficult to
distinguish individual ridges in a lateral sequence of 1like deposits
such as in the Pilgrim. Furthermore, at leasp the upper strate of
the deposits have been reworked.

A range of thicknesses have been noted for the ridges in the
Pilgrim Formation. Shinn and others (1969) found a similar character-
istic in the Bahamas, noting that the higher ridges occur in embayed
areas of the shore whereas the lower ridges are present on headlands.

Sand in the cross stratified unit and in the upper member of
the Pilgrim has apparently been recycled. This is shown by quartz
grains with overgrowths "floating" in dolomite.

A general source for the sand grains must have been west or
southwest of the Ruby Range inasmuch as the sandy strata thin and

pinch out in all other directions (cf., Hanson, 1952). Possible
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source beds include the Cambrian Flathead Sandstone and Precambrian
Belt and Belt-like rocks. In addition, Hobbs and others (1968) have
described quartzite formations in central Idaho of Early to Middle
Cambrian age (and possibly of younger Cambrian age) that could have
supplied quartz grains.

Stratigraphic Position=--This lithofacies occurs near the middle
of the upper member, bounded below by sandy laminated boundstone and
above by dolomite mudstone. Figure 12 shows the interpreted facies

pattern.

Dolomite Mudstone~-This lithofacies (Plate 4, Fig. B) is domi-

nantly of dolomite (90-98%), quartz (1-5%), and feldspar (0-5%).
The strata are thinly bedded (3-5 centimeters thick), weather medium
gray, and form well exposed outcrops. Some of the rocks are laminated,
containing dark brown mat algal sediment interlaminated with light
gray-brown dolomite. Algal sediment forms laminar beds in sequences
to 1 centimeter thick, and they are discontinuous. Locally the
laminae form minute algal heads, their height measured in millimeterzs.
Angular dolomite fragments are present in places, ranging up to 1.5
millimeters acrbss.

Petrographically, dolomite crystals range from very fine (5-20
microns) to fine (40-60 microns). Quartz grains are of very fine
and fine sand size, ranging from 100 to 150 microns in diameter.
They are commonly subrounded to rounded and are typically concentrated
along stromatolitic laminae. The feldspar is dominantly silt-sized

and is angular.



48

Environment-~This lithofacies is interpreted as supratidal,
having many similarities with the marsh environment as described
by Shinn and others (1969) in the Bahama Islands. Similarities
include the following: (1) locally, dark sediment occurring in
distinct laminae; (2) laminated non-algal sediment; (3) discontinuous
laminations, typical of the dark sediment in the Pilgrim; (4) presence
of minute algal heads; and (5) the fragmented dolomite appears tex-
turally similar to that pictured by Shinn and others (1969, Fig.
22-B), showing alternating layers of dolomitic crusts.

Stratigraphic Position--Dolomite mudstone is present only in
the upper part of the member. It commonly occurs between units of
sandy laminated boundstone, but it does overlie the cross-bedded
sandstone unit and underlie the sandy crystalline dolomite unit.

Interpreted lateral facies are shown in Figure 12,

Sandy Crystalline Dolomite~-Rocks of this lithofacles are

mediumbedded and typically weather pale reddish brown. Components
of the ro;k include dolomite (40-60%), quartz (40-50%), feldspar
(1-5%), hematite (2%), glauconite (trace), and locally fossil frag-
ments.

Laminae to % millimeter thick dominate this facies, reflecting
a variation in grain size and content of the quartz sand. Subrounded
dolomite intraclasts are common (as much as 5%), ranging'from less
than 1 millimeter to more than 1} centimeters in diameter. Stromato-
litic laminae are common in the lower and upper few millimeters of

a few beds. Burrowing occurs locally.
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Dolomite crystals range from 100 to 125 microns (medium crystal-
line), and quartz and feldspar grains are of sand size. The quartz
sand is subrounded to rounded and exhibits overgrowths.

Environment--The environment. inferred for this lithofacies is
subtidal to intertidal. The sediment is dominantly poorly sorted,
contains quartz sand, with intraclasts ranging from silt to granule
size, in a matrix of medium-crystaliine dolomite. If one assumes
that the dolomite is a replacement of calcite and that recrystal-
lization results in an increased grain size (Folk, 1965), then the
original matrix can be considered a fine-grained carbonate mud.

This suggests deposition in a low energy environment even though the
intraclasts may have formed under high energy conditioms.

The stromatolitic algae occurring in the upper and lower parts
of some beds suggests that at least some of the sediment is inter-
tidal. Concentration of spines along these laminae perhaps indicates
deposition from receding waves in the intertidal environment.

Stratigraphic Position--This unit forms the uppermost beds of
the Pilgrim, occurring above a sandy laminated boundstone unit and
beneath the reddish clay shale of the Red Lion Formation. Inter-

preted facies relations are shown in Figure 13,

Age--No identifiable fossils were found in the Pilgrim, presum-
ably due to dolomitization. Fossil debris, consisting mainly of
fragmented spines, is present in the bioclastic rocks. . The Pilgrim

is considered Late Cambrian in age because of its position below Red



Figure A.

Figure B.

Figure C.

Figure D.

Figure E.

Figure F.

PLATE 4

Cross-bedded sandstone of upper member of Pilgrim
Limestone.

Dolomite mudstone of upper member of Pilgrim Limestone.
Rock is actually thinly bedded but weathers to form
massive outcrops.

Ribboned boundstone of upper member of Pilgrim Lime-
stone. Thin dark wavy layers are interpreted as
mat algae, outlining boudins.

x 3%. Ribboned boundstone. Dark layers are inter-
preted as mat algae, light areas are probably bio-
clastic grainstone.

x 4. Mud chips (outlined) enveloped by mat algal
sediment in mud-cracked boundstone lithofacies of
upper member of Pilgrim Limestone.

X 2. Laminated crystalline dolomite lithofacies of
upper member of Pilgrim Limestone. Note occurrence

of dark gray laminae at top and bottom of rock,

medium gray rock in between.
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Figure 13. Interpreted lateral facies relationships for sandy laminated

boundstone and sandy crystalline dolomite lithofacies,
using Walther's Law (see text, p. 5).
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Lion beds of Late Cambrian age and above Park strata of probable

late Middle Cambrian age, shown in Figure 3.

RED LION FORMATION

Cambrian beds above the Pilgrim in southwestern Montana are
referable to either the Red Lion or Smowy Range formations. In
some cases the same sequence of strata has received both names.
Because this is the case in the nearby Gravelly Range (cf., Hanson,
1952; 1960; Hadley, 1960) it seems best to state my reasons for
assigning the sequence ot the Red Lion Formaticn in the Ruby Range.

Features in common with the Red Lion of the type section
(Emmons and Calkins, 1913) include the presence of (1) siliceous
laminae, and (2) quartz silt, with the propostion of siliceous
material to carbonate being greater in the lower part. Features not
present in the Ruby Range, but which are typical of the Sage Member
of the Snowy Range include (1) the so-called Collenia magna stromato-
lites at the base, and (2) clay shale intercalated with the carbonate<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>