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northwestern Montana, (Bush et al , 1985) and the other in the 
Emerson Formation of the Little Rocky Mountains (Lochman-Balk, 
1956) await detailed study.
My study of the conodonts recovered from Careless Creek and 

Swimming Woman canyons reveals that they range from the very 
top of the Cordvlodus proavus Zone up through Cordvlodus 
caboti. Cordvlodus lindstromi, Cordvlodus
anaulatus and end in the Rossodus manitouensis Zone. This 
sequence of zones compares closely to the established warm 
water conodont zones recognized the world over.
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STRATIGRAPHY
Background

Several authors have assigned the cliff-forming unit of 
limestone-pebble conglomerates interbedded with calcareous 
siltstones at the top of the Sauk Sequence in the Big Snowy 
Mountains to various formations with various ages. For 
example. Reeves (1931), assigned these rocks to the Middle 
Cambrian Meagher Limestone. Deiss (193 6), included them in the 
Upper Cambrian Pilgrim Limestone. Later, Lochman-Balk (1956) 
assigned this limestone unit to the lower Ordovician Zortman 
Member of the Emerson Formation of the Litttle Rocky 
Mountains. In 1965 Grant extended the Upper Cambrian Snowy 
Range Formation to include strata in the Big Snowy Mountains 
because they appeared similiar in lithology to the upper part 
of the Snowy Range Formation. Goodwin (1964), chose to assign 
cliff-forming limestone and limestone-pebble conglomerate, 
above the shale and limey shale from Timber Creek and Swimming 
Woman canyons of the Big Snowy Mountains, to the cliff-forming 
Grove Creek Formation. Lindsey (1980), differed from Goodwin 
and mapped these strata as the upper part of the Snowy Range 
Formation, and interpretted them to be extensions of the Sage 
Limestone-pebble Conglomerate Member.

The Snowy Range Formation consists of three members: the
lowest is the Dry Creek Shale, which records the Dresbachian- 
Franconian regressive-transgressive interval. Above the Dry 
Creek Shale is the Sage Limestone-Pebble Conglomerate Member,
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which is a gray-green shaley limestone and intraformational 
conglomerate, that records resumption of the late Cambrian 
transgression. The top Member of the Snowy Range Formation is 
the Grove Creek Dolomite Member, which is a cliff-forming, 
somewhat dolomitized calcareous siltstone and
intraformational conglomerate, that records continuation of 
the Sauk trangressive sequence (Grant, 1965). Goodwin (1964), 
in the interest of convenience and regional consistency, 
placed similar rocks from Timber Creek and Swimming Woman 
canyons into what was then the Grove Creek Formation. In his 
opinion this unit compares closely, in both rock type and 
stratigraphie position, with Dorf and Lochman's (1940), 
original description of the formation. Grant (1965) reassigned 
this formation to member status and included it in the upper 
part of the Snowy Range Formation, because it is similar in 
rock types and depositional history to the underlying Sage 
Limestone-Pebble Conglomerate Member. The unit is now properly 
called the Grove Creek Dolomite 
Member of the Snowy Range Formation.

Goodwin (1964) described the Grove Creek strata from Timber 
Creek and Swimming Woman Canyons as: interbedded limestone;
shale; and interformational conglomerates: gray, red, and
green, glauconitic, hematitic, thin to thick bedded, 
predominantly limestone and conglomerate in the upper portion. 
Conodont genera recovered from the Grove Creek Dolomite by 
Goodwin (1964), and Kurtz (1976) include Cordvlodus. Oistodus.
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Loxodus. Acanthodus. and Acontiodus.
Assignment of the strata at Careless Creek and Swimming Woman 
canyons to the Grove Creek Dolomite Member

In Careless Creek and Swimming Woman canyons which are a few 
kilometers east of Timber Creek Canyon (fig. 1), rocks of 
Cambrian-Ordovician age are well exposed as cliff-forming, 
gray-green, limestone pebble conglomerates interbedded with 
calcareous siltstones, which in outcrop are stained reddish- 
yellow near the top of the sections due to weathering below 
the overlying Devonian Jefferson Dolomite. Rocks from my 
measured sections in Careless Creek and Swimming Woman Canyons 
are lithically similar to rocks Goodwin (1964) placed in the 
Grove Creek and are continuous with them. I concur with 
Goodwin (1964) and assign the Careless Creek and Swimming 
Woman rocks to the Grove Creek Dolomite Member of the Snowy 
Range Formation. Goodwin (1964), did not provide measured 
sections for these areas, so detailed correlations are 
impossible. In comparison with the genera recovered by Goodwin 
(1964) and Kurtz (1976), genera from my sections of the Grove 
Creek Dolomite are similar but may start somewhat 
stratigraphically lower.



CARBONATE PETROLOGY
In thin section these gray-green limestone-pebble 

conglomerates and calcareous siltstones can be classified 
into four major rock types based on Folk's (1962) 
classifications: biomicrites; biosparites; intramicrites; 
and intrasparites.
Biomicrite

The biomicrites occur mostly in the lower five feet of 
both sections in Careless Creek Canyon but, are not in 
Swimming Woman Canyon (figs. 2,3,4). They are extremely fine 
grained, well sorted, glauconitic, and somewhat hematitic. 
They contain fecal pellets, quartz silt, inarticulate 
brachiopod fragments, and trace amounts of mica in a lime 
mudstone matrix. These biomicrites are commonly evenly 
laminated, partly replaced by dolomite and some contain 
dolomite-filled burrows. The fine grain size of the skeletal 
fragments makes it difficult to tell what kinds of organisms 
they came from. However, comparison with occasional large 
trilobite and pelmatozoan fragments indicates that the 
fragments are most likely fine-grained pieces of trilobites 
and pelmatozoans.
Biosparite

The biosparites or calcareous quartzose siltstones and 
limestones, which occur in beds throughout the three 
measured sections, can be divided into four rock types 
(figs. 2,3,4): 1) quartzose silty biosparites, 2) skeletal
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silty biosparites, 3) silty pellet biosparite, 4) skeletal 
pellet biosparites. Quartzose silty biosparites, consist 
primarily of quartz silt and some glauconite in a fine to 
medium grained sparry matrix, but lack recognizable fossil 
fragments and fecal pellets. Skeletal silty biosparites are 
composed primarily of trilobite and pelmatozoan fragments, 
some of which are much larger than the other grains, a few 
percent quartz silt and a trace of glauconite in a fine to 
medium grained sparry matrix, without fecal pellets. Silty 
pellet biosparites contain quartz silt, and fecal pellets in 
approximately equal percentages, with or without 
recognizable trilobite and pelmatozoan fragments and 
glauconite in a sparry matrix. Skeletal pellet biosparite 
also contains glauconite, and fecal pellets, with 
identifiable or unidentifiable fossil fragments in a sparry 
matrix without quartz silt. Most if not all of these types 
of biosparites are partly replaced by dolomite and contain 
fragments of inarticulate brachiopods. The dolomite has most 
commonly replaced the spar and fossil fragments obscuring 
the original material. In all three measured sections, 
dolomite replacement increases upward. Clays also occur in 
these biosparites, generally as replacement seams. 
Intramicrite

Thin sections reveal that some of the extremely fine 
grained limestone-pebble conglomerates are intramicrites. 
Most are near the bases of the three sections (figs. 2,3,4).
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They contain biosparite or biomicrite intraclasts in a 
biomicrite matrix. Clasts range in composition from the four 
types of biosparites discussed above to biomicrite. Some 
clasts are difficult to distinguish from the matrix and 
contain fecal pellets, quartz, glauconite, ocassional large 
trilobite and pelmatozoan fragments, and packstone laminae. 
Some specimens are a mixture of biosparite and biomicrite 
and contain large skeletal fragments. Dolomite rhombs 
commonly lie in the micrite matrix.
Intrasparite

The most common rocks in the three measured sections are 
limestone-pebble conglomerates, which thin sections show are 
trilobite-pelmatozoan intrasparites. The clasts within the 
intrasparites encompass the whole range of biosparite types. 
The clasts are generally flat with fairly rounded edges, and 
some have dolomite, glauconite, hematite or chlorite rims. A 
few biomicrite intraclasts occur within these intrasparites 
and others occur as intraclasts within intraclasts. The 
matrix of these intrasparites is mostly grain supported 
skeletal fragments of trilobites and pelmatozoans, in places 
replaced by silica. In many samples the matrix contains 
quartz, glauconite, fecal pellets, along with skeletal 
fragments, making it difficult to distinguish the matrix 
from the intraclasts. Authigenic dolomite rhombs are more 
concentrated in the matrix than in the intraclasts. In some 
beds, the matrix is totally replaced by dolomite yet the
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intraclasts remain unaltered. In other beds dolomite has 
replaced, both the matrix and the intraclasts. Biomicrites 
and clays also exist in the matrix, commonly rimming the 
intraclasts. Intrasparites are common throughout the three 
measured sections (figs. 2,3,4).



LITHOSTRATIGRAPHY
Regional Setting

The Sauk Sequence, which commenced in the latest 
Precambrian and extends through the Cambrian into the lower 
Ordovician records a marine transgression from the 
continental margins across North America (Sloss, 1963). This 
long-lived transgression was briefly interrupted by 
regressive interludes at the top of the Dresbachian Stage of 
the Upper Cambrian, by the Lange Ranch Regressive Event 
close to the base of the C. proavus Zone, and by the Black 
Mountain Regressive Event near the first occurrence of C . 
anaulatus (Miller, 1984).

In Montana, the Flathead Sandstone, the Wosley Shale and 
the 1imestone-shale-1imestone progression of the Meagher, 
Park, and Pilgrim Formations, record the Sauk Sequence 
Transgression (Hanson, 1962). The Dry Creek Shale Member of 
the Snowy Range Formation represents the Dresbachian- 
Franconian regression. A transgression, recorded in the Sage 
Limestone-pebble Conglomerate and the Grove Creek Dolomite 
Members of the Snowy Range Formation follows the Dresbachian 
regression (Grant, 1965). Pre-Devonian erosion cuts down 
into the Upper Cambrian rocks across most of Montana. 
However, in the Big Snowy Mountains the Lower Ordovician 
part of the Sauk Sequence is preserved below the pre- 
Devionian unconformity in the Grove Creek Dolomite.
Big Snowy Succession

14
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The Grove Creek Dolomite in Careless Creek and Swimming 

Woman canyons divide into three stratigraphically stacked 
lithofacies (A, B,& C, figs. 5,6,7) that can be correlated 
between the three sections (fig. 8). Section CCA is 
emphasized in this discussion (fig. 5) because it is the 
most complete of the three sections, and the other two 
sections correlate easily with it.

The base of section CCA commences at the first 
recognizable bed above grass covered slopes. Approximately 
the lowest 2 5 feet characterizes lithofacies A (fig. 5).
This lithofacies consists primarily of thin, (1-4 inches), 
planar beds of well laminated, gray-green, extremely fine 
grained and well sorted biomicrite and biosparite with a few 
thicker beds of intramicrite and intrasparite. This is the 
only part of the sections in which biomicrite and 
intramicrite are significant components. The intrasparite 
and intramicrite contain numerous skeletal fragments both in 
the matrix and the intraclasts. The intraclasts tend to be 
well rounded and well sorted. Lithofacies A grades gradually 
upwards to thicker bedded biosparite and intrasparite of 
lithofacies B.

Approximately the next 3 0 feet in the measured sections 
(part B, figs. 5,6,7) is composed of lithofacies B. This 
lithofacies contains thicker bedded (2-6 inches), gray- 
green, fine-grained biosparite and intrasparite. In this 
interval the biosparite beds tend to be hummocky, devoid of
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lime mud, and to contain somewhat more quartz silt than 
facies A below. Intraclasts are generally imbricated at a 
high angle to nearly vertical. Along with abundant quartz 
silt, biosparite and intrasparite contain large amounts of 
trilobite and pelmatozoan fragments. The skeletal fragments 
are often so small it is difficult to distinguish the 
trilobite from the pelmatozoan fragments. Lithofacies B 
grades gradually upward to even thicker bedded biosparite 
and intrasparite of lithofacies C.

The top half of the measured sections contain lithofacies 
C (figs. 5,6,7). Facies C consists of relatively thick 
bedded (4inches-2 feet), fine to medium grained, well 
sorted, silty biosparite and intrasparite. Here again the 
biosparite beds are hummocky, devoid of lime mud, and the 
intrasparite has highly imbricated intraclasts. The fossils 
in this lithofacies are generally highly fragmented, but are 
coarse enough to be identifiable in the biosparite and in 
the matrix of the intrasparite. Inarticulate brachiopods, 
and trilobite cranidia, pygidia, and cheeks can be 
identified in outcrop. Pre-Devionian erosion cuts down into 
the top of this interval. In Careless Creek Canyon the 
Devionian Jefferson dolomite directly overlies the Grove 
Creek Dolomite. In Swimming Woman Canyon the Grove Creek is 
overlain by grassy slopes.



PROCESSES
The processes that affected the deposition of sediments 

during the latest Cambrian and earliest Ordovician in the 
Big Snowy Mountains, were primarily mechanical, however 
biological and chemical factors also had some influence.

Two mechanical processes dominated sediment deposition: 1) 
clay and carbonate mud settle out from supension, 2) wave 
reworking and transport ofsediments. Lithofacies A contains 
the only significant amount of lime mud in the form of 
biomicrite and intramicrite. This mud probably settled out 
of suspension in relatively quiet water. Wave action had the 
most effect on sediment deposition, in that they broke up 
the fossils into fine to coarse fragments. Waves also sorted 
grains and fragments. Storm waves formed the hummocky cross 
stratification seen in lithofacies B and C. Waves as well as 
storm waves ripped up the and transported the intraclasts, 
then deposited them at high angles within the matrix of the 
intrasparite and intramicrite

Biological processes also affected sediment deposition 
during the latest Cambrian and earliest Ordovician. In 
outcrop the rocks show evidence of organisms leaving tracks 
and trails on the surface of the sediments. Worm burrows and 
fecal pellets are recognizable in thin section. The 
fragmentary nature of the trilobites and pelmatozoans may 
partly be due to some unknown predator. This unlikely 
because no evidence of such a predator was found.

2 1
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Chemical processes also had some effect on the deposition 
of sediments in the Big Snowy Mountains. Evidence of 
chemical processes is the early partial cementation of 
biosparite to form the intraclasts. Dissolution and 
reprecipitation of carbonates in the form of styolites and 
dolomite replacement are also common throughout the 
sections.



ENVIRONMENTS OF DEPOSITION
The rocks deposited in the Big Snowy Mountains record the 

latest Cambrian and earliest Ordovician part of the Sauk 
Squence Transgression. Lithofacies A (figs. 5,6,7) consists 
primarily of thin planar beds of extremely fine grained 
biomicrite, biosparite, intramicrite and intrasparite 
indicating lime mud deposition in quiet shallow water with 
intraclasts eroded and transported from the more seaward 
lithofacies B and C by storms. Lithofacies A represents a 
shallow protected carbonate inner shelf deposit.

Lithofacies B consists of fine-grained biosparite and 
intrasparite with more quartz silt in thicker hummocky cross 
stratified beds. This indicates a higher energy environment 
with more fetch and storm deposition than lithofacies A. 
These sediments were deposited further seaward on a 
transgressive carbonate shelf.

Lithofacies C consists of fine-medium grained biosparite 
and intrasparite in thicker hummocky cross stratified beds. 
Lithofacies C is coarser grained than Lithofacies A or B and 
contains more quartz silt, this indicates that the sediments 
were deposited in a more open marine environment with more 
fetch. This lithofacies represents continued transgression.

23



BIOSTRATIGRAPHY
Study of the highest Cambrian and lowest Ordovician 

conodonts began in 1856 with Pander's monograph in which he 
described many conodont taxa. From the late 1800s to about 
1970, papers on these faunas were mostly taxonomic (Hinde, 
1879; Furnish, 1938; Lindstrom, 1955; Muller, 1959; Nogami, 
1966, 1967 ; Miller, 1969). From 1970 into the mid 1980s,
studies have dealt with biostratigraphy as well as taxonomy 
(Miller, 1970, 1980 ; Druce and Jones, 1971; Ethington and
Clark, 1971; Abaimova, 1971, 1972, 1975; Derby et. al.,
1972; Muller, 1973; An and Yang, 1980 ; An, 1981, 1982 ;
Miller et. al., 1982, 1984). Since the early 1970s, studies
have focused on provincialism, evolution, geographic 
distribution of Cambrian and lower Ordovician conodonts and 
their occurences in various rock types (Sweet et. al., 19 59; 
Bergstrom and Sweet, 1966; Ethington and Clark , 1971 ; Sweet 
and Bergstrom, 1974; Miller, 1978, 1980, 1984, 1988 ; Landing
et. al., 1980 ; Erdtmann and Miller, 1981; An, 1981; Fortey 
et. al., 1982 ; Ethington and Repetski, 1984).

Ethington and Clark (1971) described in preliminary form a 
zonal scheme for Lower Ordovician conodonts from North 
America (Faunas A-E) (fig. 9). Because their data on the 
geographic and stratigraphie distribution of conodonts in 
lower Ordovician rocks was based on few and scattered 
sections, they recommended that their distributions not be 
considered formal faunal zones. Authors from around the

24
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world have since recognized the same series of faunas, and 
the A-E faunal units have been modified to the present 
scheme of Cambrian-Ordovician biostratigraphic zones.

Miller (1970), building from Ethington and Clark's work 
further developed a preliminary conodont zonation based on 
faunas from Utah, Oklahoma, and Texas. This scheme was 
corroborated by Miller (1978, 1980, 1984), Hintze et. al. 
(1980), Taylor and Miller (1981), and Miller (1988).
Miller's 1988 zonal scheme includes the uppermost Franconian 
Stage, all the Trempealeauan Stage and the lowest part of 
the Canadian Series. It includes faunas older than Ethington 
and Clark's (1971) Fauna A and extends through Fauna A to 
include part of Fauna B (fig. 9). The stratigraphie range of 
Fauna A corresponds to the upper part of the Cordvlodus 
proavus Zone of Miller (1978). Ethington and Clark (1982), 
recommended that Fauna A be abandoned in favor of Miller's 
zonal designation. Fauna B is now divided into the 
Cordvlodus caboti. the Cordvlodus lindstromi. and the 
Cordvlodus anaulatus Zones (Miller, 1992 personal 
communication). Fauna B of Ethington and Clark (1971) was 
originally defined as the interval between the top of 
Cordvlodus proavus and the first occurrence of Loxodus 
bransoni (Ethington and Repetski, 1984). Miller's (1992 
personal communication) new zones cover the same interval. 
Faunas C of Ethington and Clark, (1971) has since become the 
Rossodus manitouensis Zone (Ethington, 1992 personal
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communication). Fauna D remains relatively unchanged, but 
Fauna E has been abandoned in favor of the Oeoikodus 
communis Zone (Ethington and Repetski, 1984).

Figures 10, 11, and 12, show the stratigraphie ranges of 
the conodonts recovered from Careless Creek and Swimming 
Woman canyons plotted against the measured sections and 
established conodont and trilobite zones. These charts show 
that the ranges of the conodonts generally do not coincide 
with changes in rock types and that the taxa generally do 
not make their appearance in the sequence at formational 
boundaries, nor do they disappear at such lithic boundaries. 
Although the life habit of the conodont animal is still 
debated (Seddon and Sweet, 1971; Barnes and Fahraeus, 1974), 
most species are believed to have lived in the water column 
above the substrate. Therefore they probably would not have 
responded to the same environmental controls as the benthic 
trilobites. The overall sequence of the conodonts from the 
Big Snowy Mountains is generally consistent with inferred 
warm water conodont faunas found elsewhere. Faunas recovered 
from Careless Creek and Swimming Woman canyons are 
characterized by an abundance of cordylodiform elements and 
several distacodontiform elements.

Cordylodus proavus Zone
As seen in figs. 10, 11, 12 appromimately the lowest 19

feet of the three measured sections contain conodonts from 
the upper part of Cordvlodus proavus Zone (Miller, 1978,


