U. S. DEPARTMENT OF THE INTERIOR
U. S. GEOLOGICAL SURVEY

Conodont biofacies in a ramp to basin setting (latest Devonian and
earliest Carboniferous) in the Rocky Mountains of
southernmost Canada and northern Montana

Lauret E. Savoy'and Anita G. Harris 2

Open-File Report 93-184

This report is preliminary and has not been reviewed for conformity with Geological Survey editorial
standards or with the North American Stratigraphic Code. Any use of trade, product, or firm names is for
descriptive purposes only and does not imply endorsement by the U.S. Government.

;Department of Geology and Geography, Mount Holyoke College, South Hadley, MA 01075
U.S. Geological Survey, Reston, VA 22092

1993



TABLE OF CONTENTS

ABSTRACT

INTRODUCTION

LITHOSTRATIGRAPHY AND DEPOSITIONAL SETTING
CONODONT BIOSTRATIGRAPHY AND BIOFACIES

Palliser Formation

Exshaw Formation

Banff Formation

Correlative units in the Lussier syncline

PALEOGEOGRAPHIC SETTING
CONCLUSION
ACKNOWLEDGMENTS
REFERENCES CITED
APPENDIX 1

FIGURES

1.

Index map of sections examined and major structural features of the thrust and
fold belt.

2. Correlation chart of Upper Devonian and Lower Mississippian stratigraphic
units.

3. Selected microfacies of the Palliser Formation.

4. Type section of Exshaw Formation, Jura Creek.

5. Lower part of Banff Formation, North Lost Creek.

6. Conodont distribution in Palliser and Exshaw formations, Inverted Ridge.

7. Conodont distribution in upper Palliser and lower Banff formations,
Crowsnest Pass.

8. Conodont distribution in upper Palhser, Exshaw, and lower Banff formations,
composite Jura Creek - Mount Buller section.

9. Conodont distribution in Banff formation, Inverted Ridge.

10 Conodont distribution in unnamed shale unit and Banff Formation(?),
Lussier syncline.

11.  Conodont species associations (biofacies), early to middle Famennian time.

12.  Conodont species associations (biofacies), middle to late Famennian time.

13.  Conodont species associations (biofacies), latest Famennian time.

14.  Conodont species associations (biofacies), middle Tournaisian time.

15.  Conodont species associations (biofacies), late Tournaisian time.

TABLES

1. Conodont species identified in study and species identification numbers.

2. Conodont age range and species identification numbers.

3. Conodont species distribution in Palliser Formation and correlative units.

4, Conodont species distribution in Exshaw Formation.

5. Conodont species distribution in Banff Formation and correlative units.

6. Conodont biofacies, microlithofacies, and inferred depositional environments.

o0 NN =

13
15
17
23
23
24
38

OO\ A

12
14

16
18
19
20
21
22

27
28
29
31
32
34



ABSTRACT

Analyses of conodont biofacies and taphonomic patterns have helped to define age-
environment relationships of uppermost Devonian and lowermost Carboniferous (Famennian and
Tournaisian) sedimentary rocks in the southeasternmost Canadian Cordillera and adjacent Montana.
These miogeoclinal strata record striking environmental changes involving the onset and termination
of low-oxygen conditions in epicontinental and shelf seas dominated by carbonate deposition.
Several distinct and environmentally diagnostic Famennian and Tournaisian conodont biofacies
representative of deep basin to shallow ramp settings were recognized on the basis of conodont
distribution and preservation patterns.

During early and middle Famennian time, the study region was the site of a westward-
deepening carbonate ramp (Palliser Formation) that was bordered to the west by a deep, shale basin
(Lussier strata). Relatively shallow-water carbonate deposits (skeletal and peloidal lime
wackestone, mudstone, and packstone) of the Palliser have yielded a low-diversity conodont fauna
characterized by indigenous to transported Apatognathus-, Palmatolepis-, and Polygnathus-
dominated assemblages. Palmatolepids include Palmatolepis glabra, Pa. marginifera marginifera,
and Pa. stoppeli; polygnathids include Polygnathus communis, P. experplexus, P. nodocostatus,
and P. semicostatus. Only at certain levels in the Palliser are there minor incursions of icriodontids.
The deep-water basinal shales and radiolarian mudstones produced indigenous representatives of
the pelagic palmatolepid biofacies. In contrast, the middle and late Famennian interval is marked by
the termination of carbonate ramp sedimentation and initial flooding of the margin by water derived
from the oxygen minimum zone during an areally extensive transgression. Deposition of organic-
rich facies began in the expansa Zone under oxygen-stressed conditions in shelfal to basinal
environments (Exshaw Formation and correlative units). These deposits contain indigenous pelagic
Palmatolepis- and (or) Bispathodus-dominated assemblages; identifiable reworked or transported
fragments are primarily polygnathids and icriodontids.

Deposition of anaerobic to marginally aerobic, deep-water, lower Banff facies occurred
intermittently until middle Tournaisian and locally into late Tournaisian time (anchoralis-latus Zone)
prior to the westward progradation of carbonate deposits of the middle and upper Banff Formation.
Characteristic deep-water units include sequences of biogenic chert, black and gray shale,
phosphatic and siliceous mudstone, and glauconitic and phosphatic clastic sediments. Although
limited, middle Tournaisian conodont faunas include transported and indigenous assemblages of
siphonodellids (deep-middle ramp). Distinct late Tournaisian biofacies distributions parallel major
lithofacies changes associated with progressive shallowing of the Banff sequence. This shallowing
sequence is characterized, in stratigraphic order, by the following indigenous to displaced biofacies:
scaliognathid-doliognathid (basin to deep ramp), polygnathid and polygnathid-bactrognathid (deep
to middle ramp), and bactrognathid-hindeodid (middle to shallow ramp). The spatial relations of
these Famennian and Tournaisian biofacies are generally consistent with models developed by other
workers for correlative strata in the western United States.



INTRODUCTION

This study was part of a larger investigation to interpret the paleoceanography of the middle
Paleozoic western margin of Euramerica, in particular, the uppermost Devonian and lowermost
Carboniferous of the southeasternmost Canadian Cordillera and adjacent Montana (Savoy, 1990,
1992). The succession is exposed in the Front and Main ranges of the foreland thrust and fold belt
(fig. 1), and includes the Palliser, Exshaw, and Banff formations and unnamed pelitic rocks (fig. 2).
These strata represent some of the westernmost preserved, Devonian and Mississippian miogeoclinal
rocks in this part of the Cordillera, and are critical to paleogeographic and paleotectonic interpretations
of the middle Paleozoic outer craton and continental margin. This report makes available the data set
for earlier and ongoing biofacies and taphonomic studies of latest Devonian and earliest Carboniferous
conodonts in this region.

The Exshaw and lower Banff strata in the Front Ranges represent a shale-dominated interval
between Devonian and Mississippian carbonate sequences. To the west, in the eastern Main Ranges
of British Columbia (figs. 1 and 2, Lussier syncline), this tripartite division does not persist, and the
entire Famennian to middle Tournaisian succession is shale. The middle Paleozoic sequence in the
study area records significant environmental changes: (1) the termination of Palliser carbonate ramp
deposition; (2) the onset and termination of low-oxygen conditions, represented by the Exshaw, and,
locally, lower Banff formations; and (3) the subsequent progradation of a mixed siliciclastic-carbonate
ramp represented by the middle and upper Banff Formation. A more detailed discussion of the
sedimentology and environmental conditions is presented in Savoy (1990, 1992).

Seventeen sections (18-415 m thick) of this sequence and correlative strata (fig.1, Appendix
1) were measured and sampled for sedimentologic and conodont biostratigraphic and biofacies
analysis to determine age and environmental relationships. For ease of reference, sections south of
50.5°N. latitude are included in the southern study area (SA), the primary focus of this investigation;
those to the north are part of the northern study area (NA).

LITHOSTRATIGRAPHY AND DEPOSITIONAL SETTING

The lower member of the Palliser Formation, the Morro Member, was only examined in the
southern area. This member consists of peloidal, grapestone-bearing, lime mudstone to packstone
that was deposited on a partly restricted, shallow ramp (fig. 34). The Morro is extensively burrowed
and contains numerous Thalassinoides galleries. Near the international border, the upper part of the
Palliser, the Costigan Member, consists mainly of thin-bedded to nodular skeletal wackestone that
was deposited under more open marine conditions than the underlying Morro (fig. 3B).

The Exshaw Formation is chiefly laminated to wavy laminated black shale and siliceous
mudstone and, in its type area (Bow Valley, NA), contains an upper member of burrowed siltstone
(fig. 4). The black shale formed in oxygen-depleted (anaerobic to dysaerobic) conditions in an
inferred relatively deep-water setting. The overlying Banff Formation is lithologically variable in the
study area (fig. 5). It formed along a prograding mixed siliciclastic-carbonate ramp. Its lower,
deeper water deposits may consist of black and dark-gray shale; siltstone; phosphatic and siliceous
mudstone; phosphatic and glauconitic, peloidal siltstone; and bedded radiolarian and spicular chert.
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Figure 2. Correlation chart of Upper Devonian and Lower Mississippian stratigraphic units in western
Canada and northwestern United States. Ticks on the right side of the conodont zones indicate subzonal
boundaries. Chart is based on the following sources: (1) Richards and others (1991); (2) Savoy (1990) and
this report; (3, 4) Higgins and others (1991), Richards and others (1991), and Savoy (1990); (5) Carlson and
LeFever (1987), Holland and others (1987), and Richards and others (1991).












The deep-water succession was deposited in anaerobic to marginally aerobic conditions. The clastic
units in the lower Banff locally contain distal turbidites. The middle to upper Banff is primarily
bioclastic packstone to grainstone that formed on an aerobic, middle to shallow ramp.

CONODONT BIOSTRATIGRAPHY AND BIOFACIES

The Palliser, Exshaw, and Banff formations, and the Lussier units produce distinct conodont
assemblages that can generally be dated with reference to the standard Late Devonian and Early
Carboniferous zonations (e.g., Sandberg and Ziegler, 1973; Sandberg and others, 1978; Klapper and
Ziegler, 1979; Sandberg and Ziegler, 1979; Lane and others, 1980; Ziegler and Sandberg, 1984,
1990). Many samples could be restricted to a single zone and at least one-third of the productive
samples could be placed within a two-zone interval. With few exceptions, only samples with at least
fourteen generically determinate elements were considered for biofacies evaluation. Table 1 lists all
species identified for biofacies analysis in this study (in alphabetical order) and table 2 gives the age
range of most of these species.

Of the several generalized Famennian and Tournaisian biofacies designated by other
workers for inner platform to basin environments (e.g., Sandberg, 1976; Austin, 1976; Sandberg
and Ziegler, 1979; Sandberg and Gutschick, 1979, 1983, 1984; Austin and Davies, 1984;
Sandberg and Dreesen, 1984; Varker and Sevastopulo, 1985), only the more seaward biofacies
were recognized in the Palliser, Exshaw, and Banff formations and correlative strata in this study.
On the other hand, we have been able to subdivide these biofacies along a gentle bathymetric
gradient. Although uncertainty concerning the ecologic preference(s) of the conodont animal makes
interpretations of hard-part distribution tentative at best, these associations provide important
information for developing depositional models. Conodont species lists, species distribution, and
age and biofacies interpretation are given in tables 1-6.

Palliser Formation

Our best coverage for the Morro Member is in the Inverted Ridge area (figs. 1, 6). Here, the
Morro is ~120 m thick; its lower 90 m are poorly productive of conodonts. These indicate a Lower
crepida Zone to Lower marginifera Zone age (table 3). Lower Morro conodonts, in order of
decreasing abundance, are chiefly Apatognathus varians and Polygnathus semicostatus. These and a
few other species were undoubtedly transported into, as well as within, this mainly shallow-ramp
environment, although Apatognathus varians and Polygnathus semicostatus may have lived in low
numbers within this setting. Original biofacies patterns have been substantially disrupted by
postmortem hydraulic transport. Bioturbation resulted in additional biofacies mixing. We infer
substantial postmortem disruption because (1) 55% of the conodonts are indeterminate fragments and
many are abraded; (2) of the 45% generically identifiable conodonts, most are incomplete platform
elements; and (3) only a few ramiform elements are recognizable to morphotype. The highest samples
from the Morro at Inverted Ridge produced representatives of Palmatolepis stoppeli that indicate an
Upper rhomboidea or Lower marginifera age. The most abundant species are Polygnathus
semicostatus, Pa. stoppeli, Pa. aff. Pa. stoppeli, and lesser Apatognathus varians , Pelekysgnathus
sp., and other species of Polygnathus. Palmatolepis marginifera marginifera was recovered from the
top of the Morro Member in the Lizard Range, indicating an age range of Lower to Uppermost
marginifera Zones. Even though the percent of indeterminate fragments is high in Morro samples, P.
semicostatus and the palmatolepids probably lived in this somewhat deeper part of the Palliser ramp
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Figure 6. Conodont distribution in the upper Palliser and Exshaw formations in composite section for
Inverted Ridge I and II, western Front Ranges (SA). Long, heavy tick on right of lithologic column indicates
conodont sample; short tick indicates barren sample or yield inappropriate for biofacies analysis. Conodont
species are shown in order of decreasing abundance from left to right; vertically stacked species are equally
abundant. Species number is keyed to species named in tables 1 and 2. Tables 3 and 4 give species
distribution and abundance for all samples, including those not used for biofacies analysis. Thickness of
Exshaw Formation exaggerated; unit is 1 m thick at this section.
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because elements of these species are more abundant and better preserved than in underlying,
shallower water Morro deposits.

The overlying Costigan Member is <20-35 m thick near the international border, and contains
a greater abundance of more open-marine skeletal benthos than the Morro in this area (fig. 3B).
Conodont abundance and preservation are also slightly better. About 50% of the conodonts are
indeterminate fragments but more ramiform elements are taxonomically identifiable. A collection from
the highest Costigan at Inverted Ridge II (table 3, fig. 6) contains chiefly Palmatolepis sp. indet.,
Apatognathus varians, Polygnathus communis, icriodontids, Pa. stoppeli, Pa. marginifera
marginifera, P. semicostatus, and Pa. stoppeli transitional to Pa. m. marginifera This association
indicates a Lower marginifera Zone age. A sample from the upper Costigan at Inverted Ridge I
yielded Pa. marginifera marginifera, P. semicostatus, A. varians and Pa. sp. This association
indicates an age range of Lower to Uppermost marginifera Zones. Most collections from the highest
Costigan from other sections near the international border contain varying ratios of the same general
species. Pa. stoppeli transitional to Pa. m.marginifera was recovered from the uppermost Palliser at
North Lost Creek, suggesting a Lower marginifera Zone age . The highest Palliser at Crowsnest
Pass, on the same thrust sheet but to the north (fig. 7) also produced Pa. m. marginifera (Lower to
Uppermost marginifera Zones); Johnston and Chatterton (1991) also recovered this species in the
highest Palliser at this locality. Because apparatuses and some elements are more complete and more
abundant than in the Morro Member, at least near the international border it is likely that the
palmatolepids and A. varians lived at moderate to shallow depths on the Palliser ramp and that P.
communis and P. semicostatus probably lived here as well. Samples from the highest Costigan in the
Lizard Range contain chiefly P. semicostatus and rare A. varians, Bispathodus stabilis, P. communis
and P. aff. P. experplexus. Polygnathus aff. P. experplexus suggests an expansa Zone age which is
younger than the top of the Costigan in sections to the east and southeast. Specimens from these
samples are very large and abraded suggesting hydraulic reworking. It may be that the top of the
Palliser at this locality contains scattered lag concentrates that are considerably younger than the top of
the Morro Member and, possibly, most of the Costigan Member in the southern area.

The highest Costigan was also sampled at sections in the northern area near the Bow Valley
(fig. 1, table 3, and Appendix 1). These samples are likewise younger than those near the
international border. Polygnathus experplexus, recovered 0.05 and 4 m below the top of the member
at Mount Lorette and reported by Richards and Higgins (1988) from the highest Costigan at Jura
Creek (fig. 8), indicates a Lower to Middle expansa Zone age. The sample 4 m below the top also
contains other nodose polygnathids including P. cf. P. subirregularis and P. aff. P. homoirregularis.
If the form identified as cf. P. subirregularis has the same range as P. subirregularis, then the sample
would be restricted to the Lower expansa Zone. Alternognathus regularis was recovered from the
uppermost Costigan at Limestone Mountain, about 10 km south of Mount Lorette, and indicates an
age range of Uppermost marginifera through Upper postera Zones (C.A. Sandberg, oral
communication, 1992). A sample ~35 m lower produced abundant polygnathids and lesser numbers
of Apatognathus varians, Palmatolepis marginifera marginifera, and Polylophodonta cf. Pol.
linguiformis. This faunule indicates an interval within the marginifera Zone, possibly Lower
marginifera Zone. The top of the Palliser at Limestone Mountain is older than the highest Palliser at
Mount Lorette. Conodonts assignable to the trachytera to Middle expansa Zones occur in the highest
Palliser at Mount Buller. At nearby Jura Creek (fig. 8), however, conodonts restrict the age of the top
of the Palliser to the Lower or Middle expansa Zone (Richards and Higgins, 1988). Only one of our
collections from the top of the Palliser (table 3, Mount Lorette) in the northern study area is
biostratigraphically restrictive, and indicates the same age as at Jura Creek, about 15 km to the north.
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Figure 7. Conodont distribution in the upper Palliser, Exshaw, and lower Banff formations at
Crowsnest Pass, eastern Front Ranges (SA). Long, heavy tick on right of lithologic column
indicates conodont sample; short tick indicates barren sample or yield inappropriate for biofacies
analysis. Conodont species are shown in order of decreasing abundance from left to right;
vertically stacked species are equally abundant. See figure 6 for explanation of all symbols and
tables 1 and 2 for species identification.
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Figure 8. Conodont distribution in the upper Palliser, Exshaw, and Banff formations at a composite section
for Jura Creek and Mount Buller, Front Ranges (NA). Long, heavy tick on right of lithologic column
indicates conodont sample; short tick indicates barren sample or yield inappropriate for biofacies analysis.
Conodont species are shown in order of decreasing abundance from left to right; vertically stacked species
are equally abundant. See figure 6 for explanation of all symbols and tables 1 and 2 for species names.
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39, Polygnathus experplexus (from Richards and Higgins, 1988); 55, Siphonodella cooperi (from Macqueen
and Sandberg, 1970).
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Our samples from the northern area contain mainly Polygnathus semicostatus, icriodontids,
Apatognathus varians, P. communis, and Bispathodus stabilis. These faunas represent a polygnathid
biofacies with postmortem addition of chiefly shallower water icriodontids.

Exshaw Formation

Few samples from the Exshaw Formation produced conodonts (table 4). At Jura Creek, the
type section of the Exshaw, conodonts indicating a latest Famennian age, Lower to Upper expansa
Zone, were found in concretions in the lower black shale member (fig. 8). One concretion produced
Bispathodus stabilis, Palmatolepis gracilis sigmoidalis, icriodontid coniform elements, and
Polygnathus communis. Another, slightly higher, concretion produced Apatognathus varians, B.
bispathodus, B. stabilis, and P. communis. On the basis of paleogeographic distribution, it is likely
that Bispathodus stabilis and Palmatolepis gracilis lived here in either low numbers or nearby. Most
other taxa recovered from this lithofacies are probably not indigenous. Richards and Higgins (1988)
recovered conodonts representative of Middle expansa to praesulcata Zones, including Bispathodus
costatus, from the lower part of the black shale at Jura Creek. Macqueen and Sandberg (1970)
reported early to middle Tournaisian siphonodellids from the upper black shale at Jura Creek, and
lower part of the overlying siltstone member elsewhere in the Bow Valley.

Conodonts from the upper part of the 50-meter-thick Exshaw at Mount Frayn (fig. 1 and table
4) near the northern limit of the southern study area indicate a Lower expansa Zone into Middle
praesulcata Zone age. The very thin Exshaw at Inverted Ridge, near the international boundary,
produced Palmatolepis gracilis subsp. indet. and other long-ranging forms which merely indicate a
middle to late Famennian (fig. 6).

Banff Formation

The Banff Formation, near the international border, is a progradational, shallowing-upward,
mixed chert-siliciclastic-carbonate succession of chiefly late Tournaisian age. "Hindeodella"
segaformis, Doliognathus latus, and Scaliognathus anchoralis in the phosphatic and siliceous
mudstone and limestone 17 m above the top of the Palliser at North Lost Creek (table 5) indicate the
Upper typicus to upper anchoralis-latus Zones; "H". segaformis, bactrognathids, and bispathodids
also occur in the basal Banff at Inverted Ridge (fig. 9 and table 5). Most specimens are broken and
abraded. If these taxa lived in this basinal to deep ramp environment, it is likely that they did so in
small numbers. Interestingly, only bactrognathids increase in abundance higher in the section. The
succeeding 80 m of siliceous mudstone, limestone, and siltstone are even more poorly productive of
conodonts. Samples produced Polygnathus communis, and rare Hindeodus crassidentatus and
Bispathodus aff. B. stabilis. These taxa may have lived in small numbers along this deep to middle
part of the ramp. The upper 90 m of the Banff are chiefly crinoidal packstone that produced a more
abundant but low-diversity fauna (fig. 9 and table 5). Varying ratios of three species dominate--
Bactrognathus hamatus, Polygnathus communis, and H. crassidentatus; Synclydognathus geminus
and Bispathodus aff. B. stabilis form minor components. These conodonts also are of a late
Tournaisian age (uppermost typicus to upper anchoralis-latus Zones). Polygnathus communis
decreases as H. crassidentatus increases upsection; likewise S. geminus, a relatwely shallow-water
form, increases in the highest part of the section. These conodonts probably lived in this
hydraulically active regime of the shallow ramp. This litho- and biofacies succession is consistent for
most sections studied in the international boundary area. At Crowsnest Pass (fig. 7), however, an
interval 3 to 10 m above the base of the Banff yielded rare to abundant conodonts of middle
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Figure 9. Conodont distribution in the Banff Formation at composite section for Inverted Ridge I and II,
western Front Ranges (SA). Long, heavy tick on right of lithologic column indicates conodont sample; short
tick indicates barren sample or yield inappropriate for biofacies analysis. Conodont species are shown in
order of decreasing abundance from left to right; vertically stacked species are equally abundant. See figure
6 for explanation of all symbols and tables 1 and 2 for species identification.
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Tournaisian age. All samples but the highest contain siphonodellids such as Siphonodella isosticha,
S. isosticha-obsoleta, and S. crenulata. Siphonodellids also occur 25 m above the base of the Banff
at Mount Frayn (table 5). All these middle Tournaisian samples represent the siphonodellid biofacies,
with postmortem admixtures of shallower water forms. Lithofacies and abundant Siphonodella
indicate deep-water deposition.

The Banff is well exposed at sections in the northern area. Siphonodella cf. S. isosticha
occurs 10 m above the base of the formation at Mount Buller indicating a middle Tournaisian age
similar to the lowermost Banff in some southern sections (fig. 8). A productive sample 105 m higher
contains chiefly Polygnathus communis, Hindeodus crassidentatus, and "Hindeodella" segaformis, as
well as rare doliognathids, bactrognathids, bispathodids, scaliognathids, and gnathodids. The fauna
indicates the anchoralis-latus Zone and is comparable in age to most of the Banff in southern sections.
A sample collected 65 m above the base of the Exshaw Formation at Limestone Mountain yielded a
middle(?) Tournaisian fauna dominated by siphonodellids, including Siphonodella obsoleta, S.
cooperi, and S. aff. S. crenulata and Bispathodus stabilis. These conodonts probably represent the
Lower crenulata to isosticha-Upper crenulata Zones. The upper Banff at Jura Creek (136 m above its
base) yielded Polygnathus communis, specimens of Polygnathus inornatus - P. bischoffi plexus,
Hindeodus cf. H. penescitulus, and rarer H. crassidentatus, siphonodellids, and bispathodids (B.
stabilis and B. aculeatus) (table 5). This association indicates a middle Tournaisian age (Lower
crenulata into isosticha-Upper crenulata Zones). Conodont faunas of this age have been reported
from the Banff Formation and correlative strata elsewhere in the southern Canadian Rocky Mountains
(e.g., Macqueen and Sandberg, 1970; Richards and Higgins, 1988; Higgins and others, 1991).
Higgins and others (1991) provide a biofacies analysis for basin to restricted shelf deposits during
Early Carboniferous time for an extensive part of the Canadian Cordillera primarily north of our study
area. A direct comparison between their biofacies models and ours cannot be made because the same
environments in each area are not time equivalent and are thus represented by different species
associations.

Correlative units in the Lussier syncline

The Lussier syncline lay in a basinal setting during Famennian through at least middle
Tournaisian time. The lower 125 m of the section are poorly exposed, laminated black to wavy-
laminated dark-gray shale and radiolarian mudstone. One concretion from the lower part of this
interval yielded abundant palmatolepid apparatuses as well as very rare Polygnathus sp., and
icriodontids, which, on the basis of taphonomy, were winnowed from shallower water (fig. 10 and
table 3). The palmatolepids indicate an Upper crepida or lowermost rhomboidea Zone age. Another
collection, ~40 m higher in the shale sequence, produced Gnathodus punctatus indicating an isosticha-
Upper crenulata Zone to Lower typicus Zone age (table 5). Thus, the Devonian-Carboniferous
boundary is within the shale. A concealed interval of ~100 m is followed by partly dolomitized and
silicified bioclastic packstone and chert that are assigned to the Banff Formation(?). Samples from
near the base of the Banff(?) produced chiefly Bispathodus sp., Cloghergnathus sp., Hindeodus
crassidentatus, and Taphrognathus varians indicating an age probably no older than the texanus Zone
and thus the youngest Banff(?) in the study area. Westward-prograding carbonate facies should be
younger in this westernmost section.
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Figure 10. Conodont distribution in an unnamed shale unit and overlying Banff Formation(?) in the Lussier
syncline, eastern Main Ranges (SA). Long, heavy tick on right of lithologic column indicates conodont sample;
short tick indicates barren sample or yield inappropriate for biofacies analysis. Lowest tick in unnamed shale unit
represents composite of two samples; one from a concretion and another from the carbonate bed; the carbonate bed
produced only Palmatolepis sp. and Apatognathus varians (34 and 2). Conodont species are shown in order of
decreasing abundance from left to right; vertically stacked species are equally abundant. See figure 6 for
explanation of all symbols and tables 1 and 2 for species identification.
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PALEOGEOGRAPHIC SETTING

Lithologic and conodont biostratigraphic, taphonomic, and biofacies analyses were used to
interpret the latest Devonian and earliest Carboniferous paleogeography of this part of the Cordillera
(figs. 11-15 and table 6). Figure 11 is a composite paleographic diagram for early and middle
Famennian time (Upper crepida through Lower marginifera Zones). The Morro and Costigan
lithofacies formed on the shallow to middle part of a carbonate ramp and the Lussier shales formed in
the basin to the west. During Upper crepida to Lower marginifera time, icriodontids lived in the
shallowest ramp facies with low numbers of nodose polygnathids and apatognathids. Apatognathus
varians, Polygnathus semicostatus and lesser Palmatolepis stoppeli - Pa. marginifera lived in a deeper
part of the shallow ramp. Icriodontid coniform elements were winnowed into this and even deeper
parts of the ramp; more rarely, storms contributed robust polygnathids and icriodontid platform
elements. The palmatolepids and relatively smooth polygnathids predominated over the middle ramp.
This environment appears to have been the outer range for P. semicostatus and A. varians and
possibly the inner range for Pa. glabra. Typical, more delicate palmatolepids lived, from time to time,
in the basin. Generally, middle Paleozoic basin shales contain relatively few indigenous conodonts
except as a consequence of postmortem concentration.

The top of the Costigan is of middle to late Famennian age (¢trachytera to expansa Zones) in the
northern area, and formed on the shallow to middle ramp (fig. 12). Although species associations are
somewhat different than during older Costigan time to the south, morphotypes are similar.
Polygnathus semicostatus and P. communis and possibly Apatognathus varians lived along this part
of the ramp. Bispathodus stabilis is rare and icriodontid winnows are common. P. experplexus is
common in the uppermost Costigan only at Mount Lorette.

Two Exshaw localities produced conodonts of latest Famennian age (fig. 13). The conodonts
are representative of the palmatolepid-bispathodid biofacies. Palmatolepis gracilis sigmoidalis is most
common and probably lived in low numbers in and near this environment and the same may apply to
Polygnathus communis and the bispathodids. Rarer icriodontids and apatognathids are considered
postmortem winnows.

Four lower Banff localities indicate the isosticha-Upper crenulata Zone of middle Tournaisian
age and another locality at Limestone Mountain may be the same or slightly older age (fig. 14). These
deposits formed on the deep ramp. A lag concentrate from Crowsnest Pass represents a
siphonodellid-polygnathid biofacies that strongly suggests these forms lived in low numbers within
and (or) close to this environment. The lower to middle Banff near the international border also
formed in a deep ramp to basin setting in late Tournaisian time (fig. 154). This was the outer range
for winnowed "Hindeodella" segaformis fragments even though the conodont probably lived nearby.
Doliognathus, Scaliognathus, Bispathodus, and polygnathids were living in low to moderate numbers
in this or nearby environments (fig. 154). Higher in the Banff, and on the carbonate ramp, these
same localities are within the bactrognathid-polygnathid-hindeodid biofacies composed of
Bactrognathus hamatus, Polygnathus communis, and Hindeodus crassidentatus (fig. 15B) The
dominance and consistent association of these species indicate they lived in this environment.
Samples of late Tournaisian age from the upper Banff in the northern area represent a polygnathid-
hindeodid biofacies (fig. 15B).
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EARLY AND MIDDLE FAMENNIAN TIME
(crepida to Lower marginifera Zones)

Figure 11. Cartoon showing conodont species associations (biofacies) in a ramp to basin setting (Palliser
to Lussier shale facies) during early to middle Famennian time (crepida to Lower marginifera Zones). All
samples are from the southern area. Sections (circles) palinspastically restored; solid circles indicate
sections that produced diagnostic conodonts for biofacies and biostratigraphic analysis for this time
interval. The number of conodonts in an area is proportional to species distribution in our samples. N =
number of specimens identified to genus. Conodonts interpreted as indigenous and lacking significant
postmortem transport are oriented parallel to depositional strike. Those transported into or within an
environment are oriented at various angles; conodonts perpendicular to depositional strike have moved the
farthest; posterior end of element indicates direction of postmortem transport. See table 1 for species
identification, figure 6 for identification of lithologic symbols, and figure 13 for identification of sections.
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MIDDLE AND LATE FAMENNIAN TIME
(trachytera to expansa Zones) {

Figure 12. Cartoon showing conodont species associations (biofacies) in a ramp setting (Palliser
facies) during middle and late Famennian time (¢rachytera to expansa Zones). All samples are from
the northern area. Sections (circles) palinspastically restored; solid circles indicate sections that
produced diagnostic conodonts for biofacies and biostratigraphic analysis for this time interval. The
number of conodonts in an area is proportional to species distribution in our samples. N = number of
specimens identified to genus. Conodonts interpreted as indigenous and lacking significant
postmortem transport are oriented parallel to depositional strike. Those transported into or within an
environment are oriented at various angles; conodonts perpendicular to depositional strike have moved
the farthest; posterior end of conodont indicates direction of postmortem transport. See figure 11 for
explanation of symbols, figure 13 for section identification, and table 1 for species identification.
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LATE FAMENNIAN TIME
(expansa and praesulcata Zones)

8
-
)

- W

-

2%22; .

-

—
-

P

Figure 13. Cartoon showing conodont species association (biofacies) in a deep ramp to basin (Exshaw
facies) setting during late Famennian time (expansa and praesulcata Zones). The collection from the lower
Exshaw Formation at Inverted Ridge II may represent the same or a somewhat older interval. Sections
(circles) palinspastically restored; solid circles indicate sections that produced diagnostic conodonts for
biofacies and biostratigraphic analysis for this time interval. The number of conodonts in an area is
proportional to species distribution in our samples. N = number of specimens identified to genus.
Conodonts interpreted as indigenous and lacking significant postmortem transport are oriented parallel to
depositional strike. Those transported into or within an environment are oriented at various angles;
conodonts perpendicular to depositional strike have moved the farthest; posterior end of conodont indicates
direction of postmortem transport. Lettered sections are: CR, Cleft Rock; CP, Crowsnest Pass; HI, Howell
Inlier; IR, Inverted Ridge I and II; JC, Jura Creek; LM, Limestone Mountain; LR, Lizard Range; LS,
Lussier syncline; MBo, Mount Bourgeau; MB, Mount Buller; MF, Mount Frayn; MH, Mount Hefty; ML,
Mount Lorette; NL, North Lost Creek; R, Roosville; W, Wardner. See figure 6 for identification of
lithologic symbols and table 1 for species identification.
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MIDDLE TOURNAISIAN TIME
(isosticha-Upper crenulata Zone)

Figure 14. Cartoon showing conodont species association (biofacies) in a deep ramp to basin setting
(lower Banff facies) during middle Tournaisian time (isosticha-Upper crenulata Zone). The collection
from the lower Banff at Limestone Mountain may represent the same or a slightly older interval. Sections
(circles) palinspastically restored; solid circles indicate sections that produced diagnostic conodonts for
biofacies and biostratigraphic analysis for this time interval. The number of conodonts in an area is
proportional to species distribution in our samples. N = number of specimens identified to genus.
Conodonts interpreted as indigenous and lacking significant postmortem transport are oriented parallel to
depositional strike. Those transported into or within an environment are oriented at various angles;
conodonts perpendicular to depositional strike have moved the farthest; posterior end of conodont indicates
direction of postmortem transport. See table 1 for species identification, figure 6 for identification of
lithologic symbols, and figure 13 for identification of sections.
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Figure 15. Cartoon showing
conodont species associations
(biofacies) in a middle ramp to
basin setting (Banff facies) during
late Tournaisian time (A, Upper typi-
cus to lower anchoralis-latus Zones and
B, anchoralis-latus Zone). Sections
(circles) palinspastically restored; solid
circles indicate sections that produced
diagnostic conodonts for biofacies and bio-
stratigraphic analysis for this time interval.
The number of conodonts in an area is pro-
portional to species distribution in our samples.
N = number of specimens identified to genus.
Conodonts interpreted as indigenous and lacking
significant postmortem transport are oriented parallel
to depositional strike. Those transported into or within
an environment are oriented at various angles; conodonts
perpendicular to depositional strike have moved the farth
est; posterior end of conodont indicates direction of
postmortem transport. See table 1 for species
identification, figure 6 for identification of lithologic
symbols, and figure 13 for identification of sections.
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CONCLUSION

The Palliser to Banff depositional succession formed in dynamic environments that produced
comparatively few determinate conodonts possibly due to movement of material downslope and
turbidity, as well as bioturbation. In addition, a substantial volume of this succession contains rock
types from which conodonts cannot be adequately recovered. Temporally and spatially, parts of the
ramp probably did not support large conodont populations. The remains of conodonts that did live
along the ramp underwent abrasive and possibly long-term transport that tended to grind and break
elements into indeterminate fragments. Moreover, extensive burrowing and some boring wreaked
additional havoc on elements that had barely survived hydraulic transport.

ACKNOWLEDGMENTS

This research benefitted from advice and assistance from E. W. Mountjoy (McGill
University), K. G. Root (Shell Canada), B. C. Richards and H. H. J. Geldsetzer (Geological Survey
of Canada), C. A. Sandberg and J. E. Repetski (U.S. Geological Survey), among other colleagues.
Logistical and financial support was provided by the U.S. Geological Survey Graduate Internship,
American Chemical Society - Petroleum Research Fund #24779-GB8, Geological Society of America
#3866-87, Sigma Xi Grant-in-Aid of Research, and Shell Canada. R. G. Stamm and J.E. Repetski
carefully reviewed the manuscript.

23



REFERENCES CITED

Aitken, J. D., 1988, Palinspastic map of the southern Canadian Rocky Mountains: Geological
Survey of Canada Open File 1696.

Austin, R. L., 1976, Evidence from Great Britain and Ireland concerning west European Dinantian
conodont paleoecology, in Barnes, C. R., ed., Conodont paleoecology: Geological
Association of Canada Special Paper 15, p. 201-224.

Austin, R. L., and Davies, R. B., 1984, Problems of recognition and implications of Dinantian
conodont biofacies in the British Isles, in Clark, D. L., ed., Conodont biofacies and
provincialism: Geological Society of America Special Paper 196, p. 195-228.

Carlson, C. G., and LeFever, J. A., 1987, The Madison, a nomenclatural review with a look to
the future, in Carlson, C., and Christopher, J., eds., Fifth International Williston Basin
Symposium: Saskatchewan Geological Society Special Publication No. 9, p. 77-82.

Gibson, D. W., 1985, Stratigraphy, sedimentology, and depositional environments of the coal-
bearing Jurassic-Cretaceous Kootenay Group, Alberta and British Columbia: Geological
Survey of Canada Bulletin 357, 108 p.

Higgins, A. C., Richards, B. C., and Henderson, C. M., 1991, Conodont biostratigraphy and
paleoecology of the uppermost Devonian and Carboniferous of the western Canada Sedimentary
Basin, in Orchard, M. J., and McCracken, A. D., eds., Ordovician to Triassic conodont
paleontology of the Canadian Cordillera: Geological Survey of Canada Bulletin 417, p. 215-
251.

Holland, F. D, Jr., Hayes, M. D., Thrasher, L. C., and Huber, T. P. 1987, Summary of the
biostratigraphy of the Bakken Formation, Devonian and Mississippian, in the Williston Basin,
North Dakota, in Carlson, C., and Christopher, J., eds., Fifth International Williston Basin
Symposium: Saskatchewan Geological Society Special Publication No. 9, p. 68-76.

Johnston, D. L., and Chatterton, B. D. E., 1991, Famennian conodont biostratigraphy of the Palliser
Formation, Rocky Mountains, Alberta and British Columbia, Canada, in Orchard, M. J., and
McCracken, A. D., eds., Ordovician to Triassic conodont paleontology of the Canadian
Cordillera: Geological Survey of Canada Bulletin 417, p. 163-183.

Klapper, G., and Ziegler, W., 1979, Devonian conodont biostratigraphy: Special Papers in
Palaeontology No. 23, p. 199-224.

Lane, H. R., Sandberg, C. A., and Ziegler, W., 1980, Taxonomy and phylogeny of some Lower
Carboniferous conodonts and preliminary standard post-Siphonodella zonation: Geologica
et Palacontologica, v. 14, p. 117-164.

Macqueen, R. W, and Sandberg, C. A., 1970, Stratigraphy, age, and interregional correlation of
the Exshaw Formation, Alberta Rocky Mountains: Bulletin of Canadian Petroleum
Geologists, v. 18, p. 32-66.

Norris, D. K., 1964, The Lower Cretaceous of the southeastern Canadian Cordillera: Bulletin of
Canadian Petroleum Geology, v. 12, p. 512-535.

24



Norris, D. K., 1971, The geology and coal potential of the Cascade coal basin, in Halladay, 1.,
and Mathewson, D., eds., A Guide to the geology of the eastern Cordillera along the
Trans-Canada Highway between Calgary, Alberta and Revelstoke, British Columbia:
Alberta Society of Petroleum Geologists, p. 25-39.

Richards, B. C., and Higgins, A. C., 1988, Devonian-Carboniferous boundary beds of the
Palliser and Exshaw formations at Jura Creek, Rocky Mountains, southwestern Alberta, in
McMillan, N. J., Embry, A. F., and Glass, D. J., eds., Devonian of the world: Canadian
Society of Petroleum Geologists Memoir 14, v. II, p. 399-412.

Richards, B. C., Henderson, C. M., Higgins, A. C., Johnston, D. 1., Mamet, B. L., and Meijer
Drees, N. C., 1991, The Upper Devonian (Famennian) and Lower Carboniferous (Tournaisian)
at Jura Creek, southwestern Alberta, in Smith P. L., ed., A field guide to the paleontology of
southwestern Canada: Geological Association of Canada, p. 34-81.

Sandberg, C. A., 1976, Conodont biofacies of the Late Devonian Polygnathus styriacus Zone in
the western United States, in Barnes, C. R., ed., Conodont paleoecology: Geological
Association of Canada Special Paper 15, p. 171-186.

Sandberg, C. A., and Dreesen, R., 1984, Late Devonian icriodontid biofacies models and alternate
shallow-water conodont zonation, in Clark, D. L., ed., Conodont biofacies and
provincialism: Geological Society of America Special Paper 196, p. 143-178.

Sandberg, C. A., and Gutschick, R. C., 1979, Guide to conodont stratigraphy of Upper Devonian
and Mississippian rocks along the Wasatch Front and Cordilleran Hingeline, Utah, in
Sandberg, C. A., and Clark, D. L., eds., Conodont biostratigraphy of the Great Basin and
Rocky Mountains: Brigham Young University Geology Studies, v. 26, pt. 3, p. 107-134.

Sandberg, C. A., and Gutschick, R. C., 1983, Early Carboniferous biofacies and paleoecologic
models: Geological Society of America Abstracts with Programs, v. 15, no. 4, p. 221.

Sandberg, C. A., and Gutschick, R. C., 1984, Distribution, microfauna, and source-rock potential of
Mississippian Delle Phosphatic Member of Woodman Formation and equivalents, Utah and
adjacent states, in Woodward, J., Meissner, F. F., and Clayton, J. L., eds., Hydrocarbon
source rocks of the greater Rocky Mountain region: Denver, Rocky Mountain Association of
Geologists, p. 135-178.

Sandberg, C. A., and Ziegler, W., 1973, Refinement of standard Upper Devonian conodont
zonation based on sections in Nevada and West Germany: Geologica et Palacontologica, v.
7, p. 97-122.

Sandberg, C. A., and Ziegler, W., 1979, Taxonomy and biofacies of important conodonts of the
Late Devonian styriacus Zone, United States and Germany: Geologica et Palacontologica,
v. 13, p. 173-212.

Sandberg, C. A., Ziegler, W., Leuteritz, K., and Brill, S., 1978, Phylogeny, speciation, and
zonation of Siphonodella (Conodonta, Upper Devonian and Lower Carboniferous):
Newsletters on Stratigraphy, v. 7, p. 102-120.

Savoy, L. E., 1990, Sedimentary record of Devonian-Mississippian carbonate and black shale systems,

southernmost Canadian Rockies and adjacent Montana: Facies and processes [Ph.D. thesis]:
Syracuse, Syracuse University, 226 p.

25



Savoy, L. E., 1992, Environmental record of Devonian-Mississippian carbonate and low-oxygen facies
transitions, southernmost Canadian Rocky Mountains and northwesternmost Montana:
Geological Society of America Bulletin, v. 104, p. 1412-1432.

Varker, W.J., and Sevastopulo, G.D., 1985, The Carboniferous System: Part 1--Conodonts of the
Dinantian Subsystem from Great Britain and Ireland, in Higgins, A.C., and Austin, R.L., eds.,
A stratigraphical index of conodonts: Chichester, England, Ellis Horwood Ltd., p. 167-209.

Ziegler, W., and Sandberg, C. A., 1984, Palmatolepis-based revision of the upper part of the
standard Late Devonian conodont zonation, in Clark, D. L., ed., Conodont biofacies and
provincialism: Geological Society of America Special Paper 196, p. 179-194.

Ziegler, W., and Sandberg, C. A., 1990, The Late Devonian standard conodont zonation: Courier
Forschungsinstitut Senckenberg, v. 121, 115 p.

26



s\ ® uosuelg SueueA snyjeubosyde ) Yo
(epuiH) snuiweb snyjeubopAjoufs €9
"dds gjjepouoydis 29
(luey % uosueig) ejeoydnipenb ejepouoydis 19
SSEH J8/0sqo gjjepouoydis 09
SSEH E]8/0Sq0 ‘S-BYO1jSOS| E|l8pouoydis 65
{18dooQ) eyousos! ‘s "o gjjepouoydss 8§
‘ye + (1edood) eydjisos ejjepouoydis LS
‘ye+ (1edooD) ejejnueso ejiepouoydis 95
SSeH 1/edood gjjepouoyds S§
“ds sniy1euboleos VS
IUS 3 uosuelg siejoyaue snyjeuboless €S
‘ds snyeubAjodopnesd 2s
sewoy | 9 |YsW snieusiinw snyjeubAjodopnasd 1S
‘dds gjuopoydoifjod 0S
‘dds snyjeubAfod 6¥
(sebop) sninbuelsy snyjeubAjod 8Y
l1e|belz @ Bieqpues suenbeligns "d °1o snyieubAfod Ly
I4SIN '3 uosuelg SNJBIS0oJWes snyleubA{od X2
sewoy] snxejdied " ‘ye snyieubAjod Sy
'JO + JYay 3 uosuelg SNJe}sosopou snyjeubAjod vy
IS % uosueig snagsodibuo| snyjeubAjod [ X4
eoniq % upsny
‘sepoyy IJoyosiq ‘4-uosuelg snjeusous snyjeubAjod A 4
uosuelg snjeutoul snyjeubAfod [
Je|Beiz suenbaijowoy ‘od “ye snyjeubAjod oy
‘e + 19jpaIZ % Dieqpues snxa/diedxe SNyjeubAjod 6¢
‘ddsqns |ye 3 uosuelg Siunwwod snyjeubAjod X
‘dds snyjeubsAyejed L€
SBWOLL SMBUYOUl 8d e snyjeubsAyejed 9¢
uasesiq 3 biaqpues siMa.iq ‘8d ‘1o snyleubsAxeed )
‘ds sidejojewred ve
Jo + JYap @ uosuelg Bleqouedqns sidefojewfed €€
‘ON
3NVYN S3103dS S3103dS

LT

elejuibiew ‘B4 0} [euopisuey yjeddojs sidejojewred z2¢
Jo + "Je + 1e|beiz » bieqpues yeddojs sidejojewred L€
18doo) suenbes ‘B4 “jo sidejojewsed o€
uueweuues gjeqojesopoulueipenb sidejojewred 62
JUs % uosuelg BINUIW BINUIW Sidejojewled 82
‘Je + swiaH esejuibiew eseyuibrew sidejojeuwsed l2
‘dsqns syioesb sidejojewied 92
1eiberz_sijepiowbis syjoeib_sidejojewied 52
Js|beiz ¢ Bieqpues esuedxe sijoeib sidejojewred ve
-dsqns Jajsseg 3 youn eiqeib sidejojewied €2
Splulpoy.ezo z2
SPHUOPOLIDY 12
'ds ,Snpolsoy, 02
(uosuljjo) 3 peoixay) snjnjioseusd K "1d snpospuiH | a6
(1B %® uosuelg) SMBIUBPISSEIO SNPOBPUIH el
'J'S Jyoyosig siuLojebes e|{epo8puiH 8l
ds Snpoyjeun Ll
JedooQ snojdA1 D *j snpoyieun 9l
(1edooD) smejound snpoyjeun St
‘ds snyjeuboljog vi
U 3 uosuelg snje| snyjeuboloq €l
"ds snyieubepAio | 2 |
-ds snyjeubieybojd 1L
spiyreubsnaes ol
‘ds snpoyedsig 6
YOIUOSINGD ¢ BIOGPUES S/5UBYEIN
"g Jo "ye + (Jue ¢ uosueid) SiiqeIS Snpoyiedsig 8
unsny % Biegpues ‘18|be1z snpoyjedsiq snpoyjedsig L
(JyeN ¢ uosueig) smeenoe snpoyjedsig 9
spiyieubogoeq S
‘ds snyjeubosjoeg v
smEeWeY ‘g "o + [ys\ 3 uosuelg smewey snyjeubonoeg €
JUSIN 7 UOSUBIG SUBLEA Snyjeubojedy F
Biaqpues % 1ejbaiz suenbes snyjeuboulely 1
‘ON
INVN S3103dS $3103dS

[S1-9 samnS1y pue ¢-¢ sa]qe) 0 paka) are sIaquInu sardadg]
SLINQ FAILVTHYYOD ANV

SNOILVINIOA

JANVE ANV ‘MVHSXA “Y4ASTTIVd dHL WOYd QATILINAQI SAIDALS INOAONOD--'T 14V




8¢

*UOTS$300NS [RUOZ UOPOUD 10 7 N1 995,
“JUSWILA ULOJIIOD *) JUIWIS[? ULOFIUIR! Y Juawsp uuonwid ‘dy

ST-9 STANDIA NI NMOHS SHIDAIS A0 NOLLVNDISEA YAGWAN ANV IDNVE FOV--"T ATHVL

SUO7Z DIpIoquioy L Jamo] (D'P + W
153M0] OWIT JUOZ, Stom3upis) Jomo] UM | 3p uosumig proqopadgns h&&&ﬂmﬁ& 1%
El74 (d) SN U7 Dudftia1d sowd IIMO] (') ‘P + e + 8917
Snyroudsnav-) 1Mo YSnoay) U077, snuvxa) % UOSURIY Sup14oa smyjoudosydo | 9 il 01 3u07 vaproquioys 33ddp) umpim 3¢ fuaqpueg 112ddoss sidajorowg 113
SUOZ SnyoussnaD,) uozZ (d) PN ®
Joddn-snwaupg o1 suoz snddy (sput]) snunuald smyjoulopA1ouks £9 423Ky 904) 12dd() oyut auoz sromSupray soddp) | uosuig pmunu omunw sidajorowpg 8T
UO0Z DIDpMUaL0 1304d () ‘JJe + swayg
-py 215051 Jo Wed a[ppiut YSnoay) Uo7 vpIms (Y *d) 'dds pyjapouoydic 79 s3u07, paafun8apus 1souusddn) 0119m0] | vaafundiow visfndsw sids) 1Z
U077 DIDMua.42 I3dd()-oyIn1sost jo wed (d) sseH p12j0sqo “§ 01 ‘suen 07 DIomsovd (d) Jo18arZ
[ppIu YSNOI) UOZ DITMUZLO IIMO] UTHILM (. ) Ty Njs0s1 Djapouoydis | 66 Jaddp) ySnony suoz muaikyova 1odd) unpm Sypprowsis siov48 sidzjorumg [v4
RIOZ, DID[?4 () (adoo)) ET72 (Q 1o[3e1Z 73 d3aqpuRS
J3ddn-oyss0s1 ot 2uo7 13.42gpups 1addn DYNISOS! *§ * IO Djjapouoydic 8C DIDIMSav.4d SPPPYA 0L JUO7Z DSUDAX? 19MO'] Dsurdio iIv4s sidajorouod |74
UOZ Dpomua.L 1add()-0y1s0sy (d) 'ye uoz d) ‘dsqns
9 T + (1adoony) vy xys0s1 DYjIPOUCYdIS 19 D471(y9v.4 12dd[) ot suoy pprdaso10ddy) | sosseg % You() v4qm)3 sidajorowyg €7
JUOZ DJDMUa.LD 134 ()-DYNISOST (d) "pe
Jo ued o[ppTul YSnOSY) SUOZ DIDMU2LI JIIMO] + (19d00Dy) DIDMULD DYjIpOUOYdis 96 UBTUOA(] puUe Ueun[is (D ‘J) spruopousy 12
U7 DIINUB.L0 3330 ()-DYI175051 3u0Z (d) (uosur[ioD) % pearxay)
Jo ued o[ppnu ySnoay uoz prvordnp 3addn (J) ssel Madooo vjjapouoydis %Y sn1d3 oW 58] I8 UOZ DIDMUILI 19MO'] snnyasauad * 1 10 SnpospuIy q61
~SipaoYouD 9u0Z (4 *d) (NN ¥
YSnouy suoz smardf; 1odd() urqpim (J) *dds smympulonvog 129 Snyroudsnap ) J9MO UL UOZ 1842qpuvs UOSURIE]) SMIDIUZPISSDLD SHPOFDULE] BG]
(d) M3 JUOZ SMD}-S1D0YIUD JO 150U QD Fs
QUOY SID]-SDL0YyouD | 29 UOSURIG SIDI0YIUD SMYIousonpIs €C yB3nonp auoy snardfs 15dd ) urmm Isesy 1y JJoYasty snusofv3as vjjaposputy], 81
RIZ, SNID]-SIDL0YOUD 15€3] 18 YSNOIq)
QUOZ SMUDX3] OTUT UBTUOAS(] A Uy (J) -dds sny;puddjoq 6 3u07 Dpmua42 19dd() -vyxisost unpig | - () 19doo)) snadd; 'o) 3o smpoyroun 91
U0Z DIwMmua4d 13dd} Uo7 .Qu.umw.
-DY21150S1 YSNQIY SUOZ DIDIMNS 1589] 1B WOL] () (so80p) smmSumyy snywudljog W 12ddy o suoy promus.4o 1addn -oyorisost () (39do0?)) snvround snpoyousn cl
DSuDdx? (q) 1918317 % d1aqpueg U0, SMJD]-SID40YIUD
APPYA YSnoa) U077 D421KYID4] I9IMO'] sromasngns * g 1o snypudlio g 152 Jo 1souwr ySnaryy snordd; 1oddn 1589] 18 WOL] () “ds smyjpuSonoq vl
AOZ DIwIMsIvId . (d°d PN (D
JOMOT UIYA O W07 Dp1da40 J[PPIA UNIAL | 7 UOSURIE smypjsodnuas snyjoudkjod op QUOZ SMyp]-syyvLoyoup Jo sow YSnoayt | UIIN 2 uosueig snyvy smyouSonog €1
agu?e&& Jaddn) (d) sewoy],
UIQILA 0] 3U07 D421Kyop.41 Jadd ) 1se9] 18 WLy snxajdiad * J 1y smyroudijo g [<% U0 SMUDX3] 1589] 1Y () -ds smyrpudiaySojn 11
d) P+ PN » (UBDIUIRISI] NE[) JUOZ SMYIDUSSAAD,) 19MO]
QUo7 v42j50d 1oddn o1 Su07 pPidasd Tamo] uosuwlg snypjsosopou snymudkjo 42 ot 9uoZ psafurf.ow isoustadd ) umpig | - -ds snpoyrodsig 6
(srsuasyom
"§) USIOSUIRISJA] 78] OIUT USDIOOWIpUTY (D Yomoswy
SUOZ Snoj-S1[0ioyIuD D e ‘(s11901s *g) UBDI0O}IIpUTY % B1aqpuseg Ss2swayom *g 10 (P
ySnou) 2u07 psundys unfita wiol] |  uosuelg Y " snyousour snyioudlio It 18] O U077 vL2f1a8.sou 1souraddny Uit 29 UOSURIg) S11q01S QﬂE [
uoZ (d) ‘Jy® +19[331Z % 07 poImsavad (d) unsny 2 d1aqpueg
Dsupdxa JPPYA O U7 Dsuvdxa 1Mo Suaqpueg snxojdssdxs smyjpudiog | - 6¢ S[PPIA Ui 03 207 p431s0d 2addp) umpm “1a[8a1Z snpoysvdsiq snpoyrodsig L
“ddsqus (d) [YSN JUOZ SMD]-S1DL0YIUD
3U07 SMUDX2] O UO7Z Up1dasd APPIA | 29 UOSURIY STUMULLOD SnyjouSK10, 8¢ 1589] 18 ySnoay auoZ snndkssamo] | (siuswdesy pus ¥ *g) spnpeuSonoeg | - ¢ -
3UOZ SMD]-SDi0YUD (D P +TPW
UBTUOAS(] pUB UBLINNS (J) "dds snywuskyarag L€ JO 180w Y3nouyy Uo7 smndK; mo] 29 UOSURIF Snowivy gﬂguchuAum €
. |
suoz | *g)ds snympuSosody (30) pue [Yo
UBTUOA(] 18] (1 ‘g) dds sidsjoyoung vE psupdxa 13ddn o1 suo7 pprda.d PPN 29 UOSURI supiipa snyroudopdy Z
ISISATVNV SHIDVIOIL 1SISATVNV SFIDVIOId
¥YOd a3SN AJAL LNFWITH ‘ON 04 aisn ddAL INFWIATH ‘ON
ZAONVY FDV ANV IWVN SHID3S | SAIOAdS ZAONVH OV ONV AAWVN SAIDAdS | SAIOAdS |




TABLE 3.--CONODONT SPECIES DISTRIBUTION IN THE PALLISER FORMATION AND CORRELATIVE UNITS

[Numbers in top row are keyed to names of species listed in tables 1 and 2; P indicates Pa and (or) Pb clements; R indicates M and (or) S elements; C indicates coniform clements}]

FORMATION |SECTION, FIELD NO. AGE 178 2 20/21 22 23 27 28729 | 30 31 32 33 34 | 35/3¢ | 37 38 39740 44 45 46 | 47/49 | S0
(MEMBER); |(GEOL. SURVEY
STRATIGRAPHIC | CANADA LOC.
LEVEL NO./USGS_COLLN. NO.) _
Unnamed black shale! | LS 7-29-3Q (GSC C-195726) Famemmian(?) 3R 1P, 4R
LS 7-29-3A (GSC C-195727) ‘early-middie Famennian 74C 8P 122P/1P | 6P 62P | 77P,148 P 72P
. (Upper arepida-tmst. rhomboidea) R
CR 7-30-2F (USGS 12018-SD) Famemnian 3R (73 2P
MH 7-19-2A (GSC C-195651) cariy-middie Famenmian 2R 8P 20P aP 76P
i (Upper arepida-Upper trachytera)
IR17-29-1R (GSC C-195660) early-middie Famennian 1P
| (Lower crepidaLower marginfera) ___]
TR 17-29-1Q (GSC C-195661) do. R _ P 73P ap
IR 7-29-1P (GSC C-195662) carly-middic Famennian 18R 72C 1P 2P 1P 73P
(Upper crepida-1.ower marginifera)
IR 17-29- IN (GSC C-195664) do. 2R P
IR17-29-1M (GSC C-195665) do. 7R 3P 72P
TR 17-29-1L (GSC C-195666) . 1R
IR 17-21-2A (GSC C-195667) ‘middle Famennian 4R 15P,10R 2P,6C 7P 2P | /8P
(Upper rhomboidea-Lower
_marginifera) _ —
TR 1 7-29-1K (GSC C-195668) ‘middle Fameanian 2R 1P/ R P 71P
(Upper rhomboidea-Uppermost
marginifera)
IR 17-29-1H (GSC C-195669) ‘middle Famennian 7R 11P R 5P,3K
Lower. c%?qﬁv _ _ __ . _
IR 1l 7-24-3A (GSC C- 29R n2C 3P 3P 6P 1P 15P, I7R 20P 2P
195689) QEWE . _
Palliser Formation2 | HI 7-26-4A (GSC C-195702) early-middie Famennian aR 72C P 2P 3P
| (Costigan?): 0.05 (Upper repida-Upper trachyterd) — : _
Palliser Formation; | NL 8-7-3A (GSC C- 195704) ‘middle Famennian 2R 2P iR 74P
-005 (Lower marginifera)
Palliser Formation? | CP 7-13-2A (GSC C-195707) middle Famennian 2P 0P 3P - 2P 1P
(Morro?); -76.0 (Upper rhomboidea-Lower
inera
Palliser FormationZ, | CP 7-13-2C (GSC C-195708) middle Famennian 9R (33 R 2P,3R 7P .
-360 (Upper rhomboidea-Uppermost
— marginifera) . _ _—
Do.; 005 CP 7-13-2D (GSC C-195709) middle Famennian 7R 3P 2P, 2R P 4P 74P
(Lower-Uppermost marginifera) —
Palliser mea.nau LR 7-23-4A (GSC C-195714) ‘middle Famennian 7R P 23P 88D, 2R 3P 7P 1
Q.btﬂ -Uppermost mar ginifera)
LR 7-23-4B (GSC C-195715) late Famennian 1P 71C 2P 17} 18P 133
(possibly Middle expansa)
LR 8-5-3A (GSC C-195716) do. 1R _ 1P 6P P
jon%, | R 7-17-4D (USGS 12019-5D) ‘middle Famennian 1aR P 6P 1P 43P, 12R 46P 74P
(Lower-Uppermost marginifera) . _
W 7-17-4E (GSC C-195720) Famennian 3R 72C 41P2R 2P 713P
MF 7-24-4A (GSC C-195721) Famemnian 1P/ 13P,1R 1P 7P |
(probably crepida-Upper rachytera) .
MF 7-24-4B (GSC C-195722) ‘middie- e Famepnian 3P3R | /IC 8P 6P 73P
(Lower marginifera-Upper expansa)
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TABLE 3. (CONTINUED)

FORMATION |SECTION, FIELD NO. AGE 1/8 2 20/21 22 23 27 28/29 30 31 32 33 34 35/36 37 38 39/40 44 45 46 47749
(MEMBER); | (GEOL. SURVEY
STRATIGRAPHIC | CANADA LOC.
LEVEL NO./USGS COLLN. NO.) _ _
Palliser Formation2; | LM 8-5-6B (GSC C-195746) middle Famennian 37R 18R | /3P, 3C 11P 7104P
350 (marginifera, Bt@a. Lower
_ marginifera) _
Palliser Formation2 | LM 8-6-5A (GSC C-195742) ‘middle-lat Famennian 17/ 24R 5P, 19¢/] 1IC 17P 91P, 66R
(Costign); -0.05 (Uppermost marginifera-Upper
— posiera) N _ — __
Do.Z 005 MB 8-26-3Q (GSC C-195732) ‘middle-lat Famennian 3R | 4P22C | 4P 5P 12P 1P 22P 2P
(trachytera-Middle expansa; possibly
Uppes trachytera)
Do.Z, 40 ML §5-5A (GCS C-195744) late Famennian 19R 2P/ ap /2P 6P/1P 26P 2P/5P
| (lowermiddic epansa) __ — |
Do.; 0.05 ML 8-5-5B (GCS C-195745) do. 1P 3P 17/ 12P 2P
Do.Z, 005 JC 8-22-3A (GSC C-195737) middle-late Famermian I3 20R 75C 1P 6P 1P 70P 2P
(trachytera-Upper expansa)
Base and top of shale not exposed; sample from base of section.

2Stratigraphic position below top of Palliser Formation in meters; samples at -0.05 m were collected from the top of the formation.
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TABLE 4.--CONODONT SPECIES DISTRIBUTION IN THE EXSHAW FORMATION

[Numbers in top row are keyed to names of species listed in tables 1 and 2; P indicates Pa and (or) Pb elements; R indicates M and (or) S elements; C indicates coniform elements]

FORMATION (MEMBER);

SECTION, FIELD NO.

AGE 2 7 8 9 21 24 25 26 34 33 46 49
STRATIGRAPHIC LEVEL! |(GEOL SURVEY
CANADA LOC.
NO./USGS COLLN. NO.)
Black shalc member; +0.4 IR Tl 7-24-3C (GSC C-195690) Famennian 3C 2P 1P 1P 1P 1P
(no younger than Lower praesulcata)
Do.; +37.0 MF 7-24-4G (GSC C-195723) late Famennian 3P 1P 16P 2P 3P
(Lower expansa-irko Middle praesulcata)
Do.; +21.5 MB 8-26-3E (GSC C-195733) middle Famennian - middle Tournaisian 1P
Do.; + 1.0 JC 7-19-4A (GSC C-195738) late Famennian 5R 1P 1P 1P 1P
(Lower - Upper expansa)
Do.; + 3.0 JC 7-194C (GSC C-195739) latc Famecnnian 6P 3C 4P 1P
(Lower - Upper expansa)

1Stratigraphic position above base of Exshaw Formation.
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TABLE 5.--CONODONT SPECIES DISTRIBUTION IN THE BANFF FORMATION AND ITS CORRELATIVES

[Numbers in top row are keyed to names of species listed in tables 1 and 2; P indicates Pa and (or) Pb elements; R indicates M and (or) S elements]

FORMATION |SECTION, FIELD NO. AGE 3 4/5 6/8 9/12 | 10/11 | 13/14 | 18/16 | 17/18 19a/ | 22/42 38 41/43 43 49751 | 52/53 | 54/58 | 56/57 | $8/59 | 60/61 62 63/64
(MEMBER); (GEOL. SURVEY 19b
STRATIGRAPHIC | CANADA LOC.
LEVEL NO./USGS _COLLN. NO.)
Unnamed calc. shalel; | LS 7-29-3C (GSC C-195728) middle Tournsisian 1P/
~+39 (isosticha-Upper cremdata into
- Lower typicus)
Banff FormationZ; +67 | CR 7-30-2G (USGS 30855-PC) Iate Tournaisian 1P,1R/ 3p/ 11P,1R
(Lower typicau-upper
— anchoralis-latus) _
Do.; +120 CR 7-30-2H (USGS 30856-PC) do. 13P,7R 7P,3R/ 21P,1R
Banff Formation3; | MH 7-19-2B (GSC C-195652) Iate Tournaisian 5P/ 8P
+0.05 (Lower typicus-upper
anchoralis-latus)
Do.; +4.6 MH 8-3-1H (GSC C-195653) do. 2R/
Do.; +19.8 MH 8-3-1G (GSC C-195654) do. 1P
Do.; +45.7 MH 8-3-1E (GSC C-195656) do. 4P
Do.; +76.2 MH 8-3-1C (GSC C-195657) do. 3p 1P/ 9P 1R/
Banff F ion2; +50 | IR I 7-29-1D (GSC C-195670) Iate(?) Tournaisian 1P
Do.; +52 IR I 7-21-2E (GSC C-195671) do. 1P/
Do.: +56 IR I7-29-1C (GSC C-195672) do. 2P
Do.: 499 IR17-21-2G (GSC C-195675) late Tournaisian 1P 2P/ P
(uppermost(?) typicus-upper
anchoralis-latus)
Do.; +118 TRI7-21-2H (GSC C-195677) do. 5P 4R 2P,1R/ 5P2R
Do.; +125 IR 17-28-1T (GSC C-195678) do. 3P,1R 7P,IR
Do.; +144 IR 17-28-18 (GSC C-195679) do. 6P
Do.; +148 IR I7-22-2C (GSC C-195680) do. 2P 2P/ 11P
Do.; +159 IR I7-28-1R (GSC C-195681) do. 1P 2P
Do.; +170 IR I 7-22-2A (GSC C-195682) do. 2P,9R 2P,2R/ 2P
Do.; +182 IR I7-21-2M (GSC C-195684) do. 32P47R 6P,3R/ 1P
Do.; +188 IR 17-28-1P (GSC C-195685) do. 2P,6R 3P,1R/ 2P 4R/
Do.; +194 IR17-21-2L (GSC C-195686) do. 2P,10R 7P,3R/ 3R/
Banff Formation2; IR I 7-24-30 (GSC C-195691) late Tournaisian /13P /12R 3p/ 1P 1P/ 2P/
+2.8 (uppermost fypicus-upper anchoralis-
- latus)
Do.; +4 IR 11 7-24-3S' (GSC C-195692) do. 1P A31R
Do.; +5.2 IR II 7-24-3W" (GSC C- do. /9P /36R 2P/
195693)
Do.; +7.8 IRII 7-24-3AH (GSC C- do. /1P 2R
193694)
Do.; +14.8 IR 7-24-3AI (GSC C- do. /1P 2R
195696)
Do.; +31.5 IR I 7-25-3N (GSC C-195697) do. /1P 5P
Do.; +1102 IR I 7-26-3B (GSC C-195698) do. /1P
Do.; +142.5 IR II 7-26-3C (GSC C-195699) do. 9P,2R 2P, 4R/ 4P 2R/
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TABLE 5 (CONTINUED)

FORMATION SECTION, FIELD NO. AGE 3 4/5 6/8 9/12 | 10/11 | 13/14 | 15/16 | 17/18 | 19a/ | 22/42 3s 41/43 48 49/51 | 52/53 | 54/55 | 56/57 | 58/59 | 60/61 62 63/64
(MEMBER); (GEOL. SURVEY 19b
STRATIGRAPHIC | CANADA LOC.
LEVEL NO./USGS COLLN. NO.
Banff 1§-nouﬂ. IR I 7-26-3D (GSC C-195700) late Tournaisian 13P,12R 3P,1R/ 2P/
+176.3 (uppermost typicus-upper anc horalis-
_ _ lanus)
Do.; +209.8 and 0.3 m | IR I 7-26-3E (GSC C-195701) do. 6P,1R P 5P,3R/ 1P/
below top of Banff
Banff Formation, | Hl 7-264G (GSC C-195703) do. J6R 1P/ 1R/
+25.9
Baaff Formation;, | NL 8-7-30 (GSC C-195705) Tate Tournaisian /P 29/ 763R 3P /1P
+16.9 (lower-middle anchoralis-latus)
Banff Formation4; | CP 8-1-3F (GSC C-195710) middle Tournaisian P
+3.5 (upper Lower cremuata-into
_ - isosticha-Upper crenulata)
Do.; +6.1 CP 7-13-2F (GSC C-195711) middle Tournaisian /1P 3p/ 10¢/ 2R 2R
(upper Lower cremudata-middle
- isosticha-Upper crenulata)
Do.; +8.5 CP 8-4-3C (GSC C-195712) middle/late Tournaisian . 3P 3p/ /1P 25p 10P/4P 15P /3P 2P/ /8P 4P10P 135P 10P/4P
(upp isosticha-Upper cr
) to lowermost Eﬂqd
Do.; +10.1 CP 8-4-3 (GSC O._wm.:w _do? 1P/
Banff Formation2; | LR 8-5-3T (GSC C-195717) Iate Tournaisian? 2P/
+19.0
Do.; +20.6 LR 8-5-X3) (GSC C-195718) 4P 1P/ /IR
Do.; +487.0 LR 8-5-3AJ Ammn O.G.mﬂdwv /1P /1P 32P,8R/
Banff Formation2; | R 7-17-4C (USGS 30858-PC) | middle Famennian-late Tournaisian 6P
+4.2 _ (probably late Tournaisian)
Banff Formation;, | MF 7-24-41 (GSC C-195724) middle Tournaisian 3P
+114 (sandbergi-isosticha-Upper crenulata) _
Banff Formation2; | LM 8-6-5C (GSC C-195743) early-middle Tournaisian 13P 1P 2P 74P 17/ 9P/ | 15P,/R
+64.8 (dwplicata - isosticha-Upper crenul
likely Lower cremudata - isosticha-
Upper cremulata)
Banff Formation?; | MB 8-26-3M (GSC C-195735) early-middle Tournaisian 2P/ P/ 11P,1R
+44.6 (Lower cremulata-isosticha-Upper
crensdata)
Do.; +150.0 MB 8-26-3P (GSC C-195736) late Tournaisian 1P/ 2p 1P/ 1P/IR | 8P,6R/ 13P 1P/
_ (lower-middle anchoralis-latus)
‘Banff Formation?; | JC 8-23-31 (GSC C-195740) middle Tournaisian 4P[7P 3P,1R/ | /16P 96P 2P/ 19/ 19/ 2P2R
+136.5 (Lower cremsdata - isosticha-Upper 11P
- crenudata)
Do.; +160.6 JC 8-23-3J (GSC C-195741) middle Tournaisian P k14 1P
— (late Kinderhookian)
Banff Formation(?)5; | LS 7-29-3K & 7-12-2A Visean 79/ 1P/3P 3P/ 1P/ 1P
~+225 (GSC O.le’mqnw. 30) ( into Lower Cavusgnathus))
Do.; ~+228 LS 7-12-2B (GSC C-195731) do. 14P/ /4P 1P/

Base and top of shale not exposed; collection ~39 m above base of exposed section.
Nmnwnwunwao position above base of Exshaw Formation, in meters.
3Base of Banff Formation not exposed; measurement given in meters above base of lowest exposed Banff.
4Stratigraphic position above base of Banff Formation, in meters.

SStratigraphic position above base of section, in meters; lower ~125 m are shale unit and succeeding ~100 m are covered.
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TABLE 6.--CONODONT BIOFACIES, MICROLITHOFACIES, AND INFERRED DEPOSITIONAL ENVIRONMENTS OF THE PALLISER, EXSHAW,
AND BANFF FORMATIONS AND CORRELATIVE UNITS

[ FORMATION (MEMBER);

SECTION, FIELD NO.

AGE TOTAL % % BIOFACIESS (I, indigenous; MICROLITHOFACIES DEPOSITIONAL
STRATIGRAPHIC LEVEL |(GEOL. SURVEY CONODONTS | peT.7 | INDET. T, transported) ENVIRONMENT
CANADA LOC. NO./
USGS COLLN. NO.) —
Unnamed black shale! LS 7-29-3Q (GSC C-195726) Famennian(?) 34 65 35 Indet. (winnow) Lime mudstone (bioturbated) Basin
Do. LS 7-29-3A (GSC C-195727) early-middle Famennian 562 90 10 Palmatolepid () Calcitized radiolarian Basin
(Upper crepida-tmst. rhomboidea) - mudstone
Palliser Formation (Morro?)%; -1.0 | CR 7-30-2F (USGS12018-SD) Famennian 41 51 49 Palmatolepid (T, broken and Skeletal, grapestone/peloidal Shallow to middle ramp
— abraded) _ packtone
Do.; ? MH 7-19-2A (GSC C-195651) early-middle Famennian 94 45 55 Palmatolepid-polygnathid Skeletal, grapestone/peloidal Shallow to middle ramp
_ (Upper repida-Upper trachytera) (T, broken and abraded) wackestone/packstone
Do.-145.0 IR 17-29-1R (GSC C-195660) early-middle Famennian 3 33 67 Indet. Skeletal/peloidal packstone Shallow ramp
— (Lower crepida-Lower marginifera)
Do.; -135.0 IR 17-29-1Q (GSC C-195661) do. 29 45 55 Indet. do. do.
Do.; -119.8 IR 17-29-1P (GSC C-195662) early-middle Famennian 56 54 46 Apatognathid (T) Skeletal peloidal wackestone/ do.
(Upper crepida-l ower marginifera) packstone
Do.; -106.1 IR 17-29-10 (GSC C-195663) do. 18 5 95 Indet. Peloidal lime mudstone do.
Do.; -90.8 IR 17-29-1N (GSC C-195664) do. 24 21 79 Indet. Skeletal peloidal wackestone/ do.
mudstone
Do.; -75.6 TR 17-29-1M (GSC C-195665) do. 23 78 22 Indet. Grapestone peloidal wacke- do.
_ stone/packstone
Do.; -60.3 IR 17-29-1L (GSC C-195666) do. 15 27 73 Indet. do. do.
Do.; -54.2 IR 17-21-2A (GSC C-195667) middle Famennian 224 43 57 Polygnathid-palmatolepid(I) Peloidal bioclastic mudstone/ do.
-] wackestone
Do.; -45.1 IR 17-29-1K (GSC C-195668) 37 38 62 Indet. (wide mixture of chiefly Lime mudstone do.
shallow-water forms) _
Palliser Formation (Costigan)%; -0.8 | IR 1 7-29-1H (GSC C-195669) middle Famennian 67 61 39 Palmatolepid-polygnathid- Skeletal wackestone Shallow to middle ramp
(Lower-Uppermost marginifera) apatognathid ()
Do.; -0.05 IR 11 7-24-3A (GSC C-195689) middle Famennian 196 75 25 Palmatolepid-apatognathid- do. do.
_ __(Lower marginifera) polygnathid (T)
Palliser Formation (Costigan?)?; | HI 7-26-4A (GSC C-195702) early-middle Famennian 36 4 56 Indet. do. do.
-0.05 _ (Upper arepida-Upper trachytera)
Palliser FormationZ; -0.05 NL 8-7-3A (GSC C-195704) middle Famennian 38 53 47 Indet. do. do.
- _(Lower marginifera )
Palliser Formation (Morro?)?; -76.0 | CP 7-13-2A (GSC C-195707) middle Famennian 107 39 61 Palmatolepid-polygnathid Bioclastic, grapestone/peloidal Shallow ramp
(Upper rhomboidea-Lower marginifera) (I-T, abraded and Townc packstone
Palliser Formation?; -36.0 CP 7-13-2C (GSC C-195708) middle Famennian 39 64 36 Apatognathid-paimatolepid- Skeletal wackestone Shallow to middle ramp
— (Upper rhomboidea-U polygnathid (T)
Do.; -0.05 CP 7-13-2D (GSC C-195709) middle Famennian 68 47 53 Polygnathid-apatognathid- Peloidal, skeletal wackestone do.
_ thﬂ.c_%ﬁﬂoﬁ marginifera) palmatolepid (T)
Palliser Formation (top of Morro)?; | LR 7-23-4A (GSC C-195714) middle Famennian 265 55 45 Palmatolepid (T-I; abraded Pelmatozoan grainstone do.
-78.0 (Lower-Uppermost marginifera) and broken)
Palliser Formation (Costigan); | LR 7-23-4B (GSC C-195715) late Famennian 120 30 70 Polygnathid (T-I) Skeletal wackestone/packstone do.
0.6 _ (possibly Middle expansa)
Do.; -0.05 LR 8-5-3A (GSC C-195716) do. 36 42 58 Indet. Skeletal wackestone do.
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TABLE 6 (CONTINUED)

FORMATION (MEMBER) |SECTION, FIELD NO. AGE TOTAL % % BIOFACIESS (I, indigenous; MICROLITHOFACIES DEPOSITIONAL
STRATIGRAPHIC LEVEL | (GEOL. SURVEY CONODONTS | pET.7 | INDET. T, transported) ENVIRONMENT
CANADA LOC. NO./
USGS COLLN. NO,) _
Palliser FormationZ; -0.05 R 7-174D (USGS 12019-SD) middle Famennian 227 n 29 Palmatolepid-polygnathid do. do.
— — (Lower-Uppermost marginifera) (U]
Do.; ? W 7-174E (GSC C-195720) Famennian 196 39 61 Palmatolepid-polygnathid do. do.
(T-D
Palliser Formation (top of Morro)?; | MF 7-24-4A (GSC C-195721) Famennian 46 78 22 Polygnathid-paimatolepid Bioclastic (chiefly pelmatozoan) do.
.143.0 (probably crepida-Upper trachytera) () grainstone
Palliser Formation Ano&w-uvw. -1.5 | MF7-24-4B (GSC C-195722) middle-late Famennian 86 58 42 Polygnathid (T) Skeletal wackestone Middle ramp
(Lower marginifera-Upper expansa) -
Palliser Formation?; -35.0 LM 8-5-6B (GSC C-195746) middle Famennian 356 50 50 Polygnathid (I-T) do. Shallow to middle ramp
Palliser Formation (Costigan)?; | LM 8-6-5A (GSC C-195742) middle-late Famennian 352 75 25 Polygnathid (I-T) do. Middle ramp.
-0.05 (Uppermost marginfera-Uppet postera) _ _
Do.%; -0.05 MB 8-26-3Q (GSC C-195732) middle-late Famennian 177 ki 23 Polygnathid (I) do. Shallow to middle ramp
(Upper trachytera-Upper expansa; possibly Upper
trachytera) -
Do.2; 4.0 ML 8-5-5A (GSC C-195744) late Famennian 330 35 65 Polygnathid-icriodid (T-I) Bioclastic (chiefly pelmatozoan do.
_ (Lower-Middle expansa) (possible lag concentrate) grainstone)
Do.; -0.05 ML 8-5-5B (GSC C-195745) do. 37 60 40 indet. Skeletal wackestone/packstone do.
Do.2; -0.05 JC 8-22-3A (GSC C-195737) middle-late Famennian 191 66 34 Polygnathid do. Shallow to middle ramp
(trachytera-Upper expansa) . [0)]
Exshaw Formation (black shale)3; | IR II 7-24-3C (GSC C-195690) Famennian 40 25 75 indet. (T, abraded palmatolepids and Black shale Deep ramp to basin
+0.4 _ (noyounger than Lower praesulcata) polygnathids)
Do.3; +37.0 MF 7-24-4G (GSC C-195723) late Famennian 48 63 37 Palmatolepid (I) Radiolarite do.
_ (Lower expansa-into Middle praesulcata)
Do.3: +21.5 MB 8-26-3E (GSC C-195733) Middle Famennian - Middle Tournaisian 1 100 0 Indet. Calkcareous mudstone do.
Do.3; +1.0 JC 7-194A (GSC C-195738) late Famennian 17 41 59 Indet. Black shale do.
(Lower to Upper expansa)
Do.; +3.0 JC 7-19-4C (GSC C-195739) late Famennian 76 42 58 Bispathodid-palmatolepid () do. do.
_ (Upper postera-highest praesulcata) . _
Unnamed calcareous shale?; ~+39 | LS 7-29-3C (GSC C-195728) middle Tournaisian 2 50 50 indet. (I?) Calcareous shale/mudstone Basin
— crenulata_into Lower typicus)
Banff Formation3; +67.0 CR 7-30-2G (USGS late Tournaisian 94 27 73 Polygnathid (T) Dolomitized carbonate Middle to deep ramp
30855-PC) _ (Lower typicus-upper anchoralis-latus) . _
Do.; +120.0 CR 7-30-2H (USGS do. 193 43 57 Polygnathid-bactrognathid- Skeletal packstone do.
30856-PC) _ — (T-D
Do.”; +0.05 MH 7-19-2B (GSC C- late Tournaisian 57 23 71 Indet. Skeletal wackestone Middle to deep ramp
195652) (Lower typicus-upper anchoralis-latus)
Do.; +4.6 MH 8-3-1H (GSC C-195653) do. 27 52 43 Indet. (winnow) Spicular siliceous mudstone do.
Do.; +19.8 MH 8-3-1G (GSC C-195654) do. 9 11 89 Indet. Skeletal lime mudstone do.
Do.; +45.7 MH 8-3-1E (GSC C-195656) do. 28 36 64 Indet. Skeletal wackestone do.
Do.; +76.2 MH 8-3-1C (GSC C-195657) do. 65 25 75 Polygnathid-bactrognathid Skeletal packstone Middle ramp
(T-D
Do.3; +50.0 IR Wm.mno.:u (GSCC- late(?) Tournaisian 3 33 67 Indet. Spicular siliceous mudstone Middle to deep ramp
195670
Do.; +52.0 IR17-21-2E (GSCC- do. 3 50 50 Indet. do. do.
_195671)
Do.; +56.0 IR17-29-1C (GSCC- do. 9 22 78 Indet. do. do.
195672)
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TABLE 6 (CONTINUED)

FORMATION (MEMBER) |SECTION, FIELD NO. AGE TOTAL % % BIOFACIES® (I, indigenous; MICROLITHOFACIES DEPOSITIONAL
STRATIGRAPHIC LEVEL |(GEOL. SURVEY CONODONTS | pET.7 | INDET. T, transported) ENVIRONMENT
CANADA LOC. NO./
USGS _COLLN. NO.
Do.; +99.0 IR17-21-2G (GSCC- 46 35 65 Indet. Spicular lime mudstone do.
195675) -
Do.; +118.0 R 17-21-2H (GSC C- 174 2 78 Bactrognathid-poly gnathid Silty/sandy, skeletal carbonale Midde to deep ramp
195677) (T-D
Do.; +125.0 IR17-28-1T (GSC C- do. 59 37 63 Indet. do. do.
195678)
Do.; +144.0 IR 17-28-18 (GSC C- do. 68 22 78 Indet. Silty/sandy, skeletal packstone do.
195679)
Do.; +148.0 IR17-22-2C (GSC C- do. 138 24 76 Polygnathid do. do.
195630) -
Do.; +159.0 IR 17-28-1R (GSCC- do. 87 23 77 Indet. do. do.
195681)
Do.; +170.0 IR 17-22-2A (GSCC- do. 94 46 54 Bactrognathid-hindeodid do. Middle ramp
-wmowﬁ (T-D
Do.; +182.0 IR17-21-2M (GSC C- do. 436 22 78 Bactrognathid Skeletal packstone do.
_195684) T
Do.; +188.0 IR 17-28-1P (GSC C- do. 62 39 61 Hindeodid-bactrognathid do. Shallow to middle ramp
_195685) (T-D
Do.; +194.0 IR17-21-2L (GSCC- do. 81 42 58 do. do. do.
195686)
Do.3; +2.8 IR IT 7-24-30 (GSC C- late Tournaisian 179 18 82 Doliognathid-H. segaformis Calcitized, phosphatic peloidal Deep ramp to basin
195691) (Uppermost typicus-upper anchoralis- T mudstone
. latus) _
Do.; +4.0 IR II 7-24-38' (GSC C- do. 45 76 24 H. segaformis (T-I, winnow) do. do.
195692)
Do.; +5.2 R I 7-24-3W (GSC do. 125 49 51 H. segaformis (T-1, winnow) do. do.
C-195693)
Do.; +7.8 IR 1 7-24-3AH (GSC do. 18 61 39 Indet. Calcitized, siliceous, spicular do.
C-195694) mudstone
Do.; +14.5 IR I17-25-3A (GSC C- do. 40 100 Indet. (lag concentrate) do. do.
195695)
Do.; +14.8 IR IT 7-24-3A1 (GSC C- do. 17 29 71 Indet. do. do.
195696)
Do.; +431.5 IR I1 7-25-3N (GSC C- do. M 35 65 Indet. do. Deep ramp
195697)
Do.; +110.2 Ewaw.ua.uw (GSCC- . 16 19 81 Tndet Sandy, skeletal wackestone: Middle to deep ramp
195698)
Do.; +1425 R Wow.euo.un (GSC C- do. 114 60 40 Bactrognathid-hindeodid (T-T) Skeletal packstone Middle ramp
19 )
Do.; +176.3 IR II 7-26-3D (GSC C- do. 141 49 51 Bactrognathid do. do.
538” (T-D
Do.; +209.8 and 0.3m IR II 7-26-3E (GSC C- do. 150 27 73 Hindeodid-bactrognathid do. do.
below top of Banff _ 195701)
Do.3; +25.9 HI 7-26-4G (GSC C-195703) do. 22 69 31 Indet. Siliceous, spicular mudstone Deep ramp to basin
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[ FORMATION (MEMBER) |SECTION, FIELD NO. AGE TOTAL % % BIOFACIESS (1, indigenous; MICROLITHOFACIES DEPOSITIONAL
STRATIGRAPHIC LEVEL |(GEOL. SURVEY CONODONTS | pET.7 | INDET. T, transported) ENVIRONMENT
CANADA LOC. NO./
USGS _COLLN. NO.) - _
Do.3; +169 NL 8-7-30 (GSC C-195705) late Tournaisian 165 62 38 H. segaformis (T-I) Cherty, lime mudstone do.
Do.% +3.5 CP 8-1-3F (GSC C-195710) middle Tournaisian 3 67 33 Indet. Lime mudstone Deep ramp to basin margin
(upper Lower cremulata-into isosticha-
N Upper crenulaia) __
Do.; +6.1 CP 7-13-2F (GSC C-195711) middle Tournaisian 4 64 36 Siphonodellid (T) do. do.
(upper Lower crenulata-middle isosticha-Upper
cremulata) - _
Do.; +8.5 CP 8-4-3C (GSC C-195712) middle/late Tournaisian 400 50 50 Siphonodellid (T-1, lag concentrate) | Glauconitic and phosphatic skeletal do.
(uppermost isosticha-Upper crenulata to wackestone
lowermost fypicus?)
Do.; +10.1 CP 8-4-3J (GSC C-195713) do.? 38 11 89 Indet. do. do.
Do.3; +19.0 LR 8-5-3T (GSC C-195717) late Tournaisian? 59 39 61 Indet. (winnow) Calcitized, phosphatic mudstone do.
— (Upper typicus-anchoralis-latus?)
Do.; +20.6 LR 8-5-3(3) (GSC C-195718) late Tournaisian 59 32 68 Indet. Calcitized, phosphatic, peloidal do.
J agﬁﬁgbm«.gv - _ mudstone
Do.; +87.0 LR 8-5-3AJ (GSC C-195719) do. ? 131 43 57 Hmdeodid (T-) Cherty, spicular carbonate Shallow to middle ramp
Do.3; +4.2 R 7-17-4C (USGS 30858-PC) | middle Famennian-late Tournaisian (probably late 25 28 72 Indet. Interlaminated siliceous, spicular - do.
. Tournaisian) mudstone and skeletal wackestone
Do.3; 4774 MF 7-24-4] (GSC C-195724) middle Tournaisian 9 67 33 Indet. Cherty lime mudstone Deep to middle ramp
_ (sandbergi-isosticha-Upper crenulata) _— -
Do.3; +64.8 LM 8-6-5C (GSC C-195743) early-middle Tournaisian 139 37 63 Siphonodellid-bispathodid (I-T) Wavy laminated lime mudstone Deep ramp
(duplicata - isosticha-Upper crenulata, probably
Lower crenulata - isosticha-Upper crenulata)
Do.3; +44.6 MB 8-26-3M (GSC C-195735) early-middle Tournaisian 99 34 66 Siphonodellid (T-1, winnow) Skeletal, peloidal/packstone and Deep ramp
(Lower crenulata-isosticha-Upper crenulata) wackestone
Do.; +150.0 MB 8-26-3P (GSC C-195736) late Tournaisian 260 35 65 Polygnathid-hindeodid- (T-I, Bioclastic and peloidal packstone Middle to deep ramp
_ (lower-middle anchoralis-latus) winnow)
Do.%; +136.5 JC 8-23-31 (GSC C-195740) middle Tournaisian 370 68 32 Polygnathid (I) Skeletal wackestone/packstone Middle ramp
. (Lower cremuata - isosticha-Upper crenulata)
Do.; +160.6 JC 8-23-3] (GSC C-195741) middle Tournaisian 26 27 73 Indet. do. do.
(late Kindethookian) _
Do.%; ~+225 LS 7-29-3K & 7-12-2A (GSC Visean 161 24 76 Bispathodid-hindeodid- Cherty, skeletal packstone Shallow to middle ramp
C- 195729, 30) (texanus into Lower Cavusgnathus) cloghergnathid (T)
Do.; 4222 LS 7-12-2B (GSC C-195731) do. 242 15 85 Bispathodid do. do.
(O]
1Sample collected at base of section.

2Stratigraphic position below top of Palliser Formation, in meters. Samples at -0.05 m were collected from the top of the formation.
3Stratigraphic position above base of Exshaw Formation, in meters.
4Base and top of section not exposed; stratigraphic position above base of section, in meters; lower ~125 m are shale and succeeding ~100 m are covered.
5Base of Banff Formation not exposed; measurement given in meters above base of lowest exposed Banff.
6Stratigraphic position above base of Banff Formation, in meters.
TIncludes all specimens identifiable to morphotype including ramiform and coniform elements that are not generically assignable.

80nly samples containing at least 14 generically assignable elements, Fﬁ_.&:w all morphotypes, were used for biofacies analysis. Biofacies are designated on the basis of the dominant genus or genera. If

form 70% or more of the fauna, the biofacies is named for that genus. If two or three genera form 70% or more of the fauna, the biofacies is named for these genera in order of decreasing abundance

esentatives of one genus

epresentatives of

one of these genera make up more than 50% of the fauna, its name is shown in bold type. Biofacies are not designated for samples in which one to three genera do not compose at least 70% of the fauna; the species association
in such samples is considered the result of postmortem mixing of species representing more than one biofacies.
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