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1. Introduction

This paper reports on the biostratigraphy and
paleoecology of conodonts recovered from Upper
Ordovician strata in four wells in southeastern
Saskatchewan (Figure 1). The cored intervals from
these wells represent a composite section through the
Yeoman, Herald, and Stony Mountain formations
(Figure 2). Sixty-six samples have yielded more than
5000 conodont elements assignable to a variety of
species. Despite the generally small size of the samples
(average 408 grams), more than 95% of the samples
have produced conodonts, although many samples
produce very few specimens.
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Previous work on Upper Ordovician conodont
biostratigraphy in the subsurface of Saskatchewan has
focused on the Ordovician-Silurian boundary interval
(Norford ef al., 1998; Nowlan and Haidli, 1999). An
analysis of conodonts in the Late Ordovician of
Alberta has been submitted for publication (Nowlan, in
review). A paper on the paleontology of the Fort Garry
Member of the Red River Formation in Manitoba
(Elias et al., 1988) is the only other published record of

conodonts in this interval in the Canadian part of the
Williston Basin.

2. Stratigraphy

Middle to Upper Ordovician
strata in the study area comprise a
basal clastic unit {(Winnipeg
Formation) and an overlying
sequence characterized by
repetition of carbonate and
evaporite lithologies (Yeoman,
Herald, Stony Mountain, and
Stonewall formations) (Figure 2).

a) Winnipeg Formation

A time gap between the
Winnipeg and Yeoman
formations is generally implied,
but no biostratigraphic data to
support this are available from
Saskatchewan. The earliest report
on conodonts from the Winnipeg
Formation was that of Furnish ef
al. (1936) which demonstrated its
_ Middle Ordovician age, and that
w LE % O§ it is therefore much younger than
5y : the underlying Deadwood
/ Formation. Later reports on

S : conodonts from the Winnipeg
. . Formation include those of

== Amsden and Miller (1942) in

Wyoming, Carlson (1960) in
North Dakota, and Oberg (1966)
from the outcrop belt in
Manitoba. More recently, the
Icebox and Roughlock members
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of the Winnipeg Formation in South Dakota have been
shown to be Rocklandian to Kirkfieldian, and
Kirkfieldian to earliest Shermanian in age respectively
{Sweet, 1982). However, data for North Dakota as
reported by Kessler (1991) may indicate that the Red
River is in depositional continuity with the Winnipeg
in southern North Dakota and that, therefore, the
Roughlock in northern North Dakota may be Edenian.
The rocks in the upper part of the Winnipeg Formation
in the few Saskatchewan cores of the
Yeoman/Winnipeg boundary zone examined to date
are not suitable for acid digestion and so no samples
were taken for conodont analyses. However, the
question of a hiatus between the Winnipeg and
Yeoman needs to be addressed, especially in the
southeastern corner of Saskatchewan where Kreis
(2000) has indicated the presence of the Roughlock
Member,

b) Red River (Yeoman and Herald
Formations)

The stratigraphic nomenclature established for Red
River strata in southeastern Saskatchewan reflects the
interpretation that the repetition of carbonate and
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Thalassinoides-like structures
within which are small cylindrical
burrows (Planolites, Chondrites,
Paleophycus, Skolithos) (Kendall,
1976, 1977; Pratt ef al., 1996; Canter, 1998; Kissling,
1999; Pak et al., this volume). Other trace fossils
include Trychophycus (Pak et al., this volume).
Tabulate corals and solitary and colonial rugose corals,
cephalopods, brachiopods, bryozoans, echinoderms,
stromatoporoids, and gastropods are the most
commonly observed macrofossils in core (Brindle,
1960; Kendall, 1976; Pratt et a/., 1996 Haidl er al.,
1997). Conodonts from this formation in Saskatchewan
have not been reported before, although Sweet (1979)
has detailed them from equivalent strata in Wyoming
and South Dakota. The micro-alga Gloeocapsomorpha
prisca, of probable cyanobacterial origin (Stasiuk,
1691; Stasiuk er al., 1993), is the primary component
of organic-rich kerogenites (kukersites) which are
preserved as thin but widespread layers in the upper
one-third of the Yeoman.

Herald/Yeoman Contact

The contact between the Yeoman and the overlying
Herald (Lake Alma Member) is difficult to pick both in
core and on geophysical logs. In core, strata between
the burrow-mottled rocks typical of the Yeoman and
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the laminated to thinly bedded dolostones which
characterize the lower Lake Alma are variable in
lithology. This thin (<1 m to 8 m) transitional unit is
composed of variably dolomitized, poorly mottled,
irregularly bedded lime mudstones with texturally
variable fossiliferous, peloidal and/or coated grain
layers (Kendall, 1976; Longman and Haidl, 1996; Pratt
et al., 1996, Haidl et al., 1997; Kissling, 1997; Kreis
and Kent, 2000). An 8 m thick reefal sequence in the
LVR et al Steelman 7-28-4-4W2 well includes a
stromatoporoid dolorudstone and a microbial
doloboundstone (Pratt ef al., 1996; Haidl et al., 1997).
At the two wells of this study in which this contact is
cored (15-9-2-14W2 and 14-12-23-26W2), the
“transitional unit” is placed in the Yeoman Formation;
i.e. the Herald/Yeoman contact is placed at the base of
the lowermost laminated dolomudstone bed. Other
workers interpret the “transitional unit” as the
lowermost unit of the Lake Alma Member of the
Herald Formation (e.g. Kreis and Kent, 2000).

Herald Formation

Conodonts have not been reported previously from this
unit in Saskatchewan. However conodonts from the
Bighorn Group in Wyoming (Stone and Furnish, 1959;
Sweet, 1979) are at least partially equivalent.
Conodonts have also been reported from the Fort Garry
Member of the Red River Formation in the outcrop belt
of Manitoba (Elias er al., 1988), a probable equivalent
of the Herald Formation. The conodonts indicate a
Richmondian age, at least for the upper part of the Fort
Garry Member.

Lake Alma Member

The Lake Alma Member comprises laminated to
bedded, commonly slightly argillaceous,
dolomudstones and calcareous dolomudstones.
Interbedded with the dolomudstones in some wells,
including the Cal-Stan Holdfast 14-12-23-26 W2 well
in this study, are beds of burrow-mottled and/or
fossiliferous dolostone. In the extreme eastern part of
Saskatchewan (Range 2W2 and eastward), beds of
coated grain dolostone, which may have originated as
oolitic grainstones, are interbedded with the laminated
dolomudstones (Kent, 1960; Kendall, 1976; Haidl er
al., 1997; Kent and Haidl, 1999; Kreis and Kent,
2000).

The Lake Alma anhydrite, the upper unit of the Lake
Alma Member, is composed of nodular, bedded, and
laminated anhydrite with interbeds of dolomudstone
(commonly anhydritic}. This is the most widespread of
the Lower Paleozoic evaporite units. It extends from
the basin centre in North Dakota to as far north as
Township 33, as far west as Range 10W3 and into
Manitoba to the east (Kent, 1960; Kendall, 1976;
Norford et al., 1994; Longman and Haidl, 1996).
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Coronach Member

Where fully developed (as in the 15-9-2-14W?2 and 2-
11-10-9W2 cores), the Coronach Member comprises:
1) a basal, slightly argillaceous dolomudstone, locally
with scattered quartz grains; 2) a fossiliferous,
commonly burrowed, wackestone or dolowackestone;
3) slightly argillaceous laminated dolomudstones
(locally lime mudstones); and 4) the Coronach
anhydrite (Kendall, 1976). The basin-centred anhydrite
unit is thinner and less widespread than the Lake Alma
anhydrite, extending north only to Township I i in
south-central Saskatchewan,

Redvers Unit

The Redvers unit is composed of a basal argillaceous
dolomudstone bed and an upper laminated
dolomudstone or lime mudstone. This unit is mapped
with confidence only where an argillaceous marker bed
separates it from the overlying Stony Mountain
carbonates on geophysical logs.

Stony Mountain Formation

Ethington and Furnish (1960) recovered Richmondian
conodonts from two Stony Mountain samples in the
type area north of Winnipeg, Manitoba. A more
detailed assessment of conodonts from equivalent
strata in the United States has been provided by Sweet
(1979).

In all but the extreme western and northwestern parts
of the study area, where it is undifferentiated, the Stony
Mountain Formation is subdivided into (O-Y): 1) the
Hartaven Member of slightly argillaceous to
argillaceous fossiliferous lime mudstones and
wackestones; 2) the Gunn Member of fossiliferous
very argillaceous limestones with interbeds of variably
dolomitized lime mudstones; and 3) the Gunton
Member of primarily nodular, commonly
unfossiliferous, dolomudstones, overlain by laminated
dolomudstones and a capping anhydrite,

3. Conodont Biostratigraphy and
Paleoecology

The distribution of conodont species in each of the
wells is discussed below. A reference for the
biostratigraphic subdivisions mentioned in the text is
shown as Figure 2. Tables 1 to 4 show the numerical
distribution of species in samples from the wells and
Figures 3 to 5 show relative abundance curves for
genera in each of the wells, except Imperial Pangman
for which there is little data. Selected specimens of
most of the species reported in Tables 1 to 4 are
illustrated in Figures 6 and 7.

Imperial Pangman 3-14-8-20W2

From Imperial Pangman 3-14-8-20W2, four samples
were taken from the lowest 16 ft (4.9 m) of the
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Table I - Numerical distribution of conodont species by
sample depth in feet and GSC locality number in the
Pangman well.

Imperial Pangman 3-14-8-20W2

Yeoman
5 & © o
v X T X
EoBoB B
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o 2 2 £
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P~ {fe] w0 ul
bt =T g <
o« (4] o ©
Belodina sp 0 1 0 0
Panderodus gibber 0 0 0 1
Panderodus graciis 0 17 0 8
Pseudobelodina ? dispansa 0 1] 0 1
Pseudobelodina vulgans vulgaris 1] 1 0 0
Total: 0 18 0 10 29

Mass (grams). 300 393 300 285 1278

Yeoman Formation. No rock suitable for acid digestion
was found in the Winnipeg Formation. The distribution
of conodonts recovered is shown in Table 1. The 29
specimens are mainly assignable to species of the
widespread and long-ranging genus Panderodus. One
specimen of Pseudobelodina vulgaris vulgaris at
84642 ft (2579.9 m) indicates a Late Ordovician, mid-
Edenian or younger age for the lower part of the
Yeoman Formation. This interpretation is based on the
range of this species as defined primarily by Sweet
(1979, 1984).

Cal-Stan Holdfast 14-12-23-26W2

From Cal-Stan Holdfast 14-12-23-26W2 16 samples
from 130 ft (39.6 m) of the Yeoman Formation and six
from the lower 44 ft (13.4 m) of the Herald Formation
were analyzed (Figure 3).

Biostratigraphy

The distribution of conodonts is shown in Table 2.
Samples from the lower part of the core in the Yeoman
Formation (below the 5759.1 ft; 1755.4 m) level, GSC
loc. C-322670) yielded few conodonts and thus no
biostratigraphic interpretations are made for the
interval 5759.1 ft. to 5805.4 fi (1755.4 m t01769.5 m).

The first appearance of Culumbodina penna Sweet,
which is indicative of Middle Edenian to Middle
Maysvillian age, occurs at 5743.6 ft (1750.6 m) (GSC
loc. C-322668) and additional specimens occur up to
5714.0 ft (1741.6 m) (GSC loc. C-322664), well within
the upper part of the Yeoman.

The upper samples in the well are dominated by
specimens of Aphelognathus aft. A. divergens Sweet.
This species is similar to specimens described by
Sweet (1979} as A. divergens but also shares some
characteristics with the older species 4. shoshonensis
Sweet. Although Sweet (1979) indicated that these
species did not have overlapping ranges, he suggested
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that they may be part of a lineage. The faunas in this
interval and those of a similar interval in the Oungre
well (upper Yeoman-lower Herald) appear to be
transitional between the two species, or their ranges
overlap. Although the age of upper Yeoman to lower
Herald remains uncertain, it is at least Middle
Maysvillian, as indicated by Culumbodina penna lower
in the section, or possibly younger.

This Aphelognathus species is associated with an
abundance of simple cones lacking biostratigraphic
significance, but two species, Parabelodina denticulata
Sweet and Parabelodina cf. P. adenticulata, seem to
occur within the upper Yeoman—lower Herald interval
and may have future biostratigraphic utility. Such
specimens were identified as Parabeloding denticulata
at 10.019.0 ft (3053.8 m) (GSC loc. C-257708) in the
Lake Alma Member of the Herald Formation in the
Qungre 15-9-2-14W2 well. In the Holdfast well, they
occur at 5661.8 ft (1725.7 m) and 5682.5 fi (1732.0 m)
(GSC locs. C-322658 and C-322660) in beds of the
upper Yeoman and the middle of the Lake Alma
Member (Table 2 and Figure 3).

Paleoecology

The fact that the distribution of Ordovician conodont
genera and species are affected by facies distribution
was first recognized by Seddon and Sweet (1971).
They attributed the patterns they had recognized to a
pelagic habit in conodonts. This was challenged by
Barnes and Fahraeus (1975) who suggested that most
Ordovician conodont genera were benthic or
nektobenthic, living at or near the bottom of the water
column. In both studies the distribution of conodont
genera was related to facies distribution.

A study specific to Upper Ordovician biofacies was
completed by Sweet and Bergstrdm (1984) in which
they recognized six conodont biofacies for the
Edenian-Maysvillian of North America.

Their biofacies are modified herein to reflect local
faunas and other biofacies work on the Late
Ordovician by Nowlan and Barnes (1981). The
biofacies for the Late Ordovician, in order from
shallowest to deepest, are based on conodont genera
believed to be benthic or nektobenthic:

|) Rhipidognathus biofacies, 2) Qulodus-
Aphelognathus biofacies, 3) Plectodina biofacies, 4)
Phragmodus biofacies, and 5) Amorphognathus
biofacies. The genera Panderodus and Drepanoistodus
and many of the other simple cone genera such as
Belodina and Pseudobelodina are believed to be
pelagic.

The relative abundance of significant genera from the
Holdfast well is summarized in Figure 3. Although all
samples are reported, the value of those with only a
few specimens should be discounted. The lower part of
this well (5767 to 5805.4 ft; 1757.8 to 1769.5 m) yields
few conodonts and most are specimens of Panderodus.
Thus, there are no paleoecological indicators except a
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Aphelognathus sp.
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Belodina confluens

Cutumbodina occidentalis

Culumbodina pénna

Drepanoistodus suberectus

Oulodus ulrichi
Culodus? sp.

Panderodus bergstroemi

Panderodus cf. P. bergstroemi

Fanderodus gibber

22

29

20

70

17

17

21

Panderodus gracilis

Panderodus panderi

Panderodus serratus

Parabelodina denticulata

Parabelodina cf. P. denticulata

Plegagnathus neisoni

0

38 27 0

5

9

Plectodina aculeatoides
Plectodina florida
Plectodina sp.

Pseudobelodina inclinata

Pseudobelodina vulgaris vuigatis
Pseudobelodina? dispansa

Pseudooneotodus mitratus

Rhipidognathus symmetricus

Walliserodus sp

€17

19 58

110 13

66

21 3% 6

66 161

28 43 21

15

5

Total:

453 10920

496 440 608 489 501

442 418 650 552

695 535 665 378 578 314 436 624 430 393 402 521

Mass (grams):

Table 2 - Numerical distribution of conodont species by sample depth in feet and GSC locality number in the Holdfast well,

19



few specimens of the genus Oulodus indicating
relatively shallow conditions.

Deepening of the basin is indicated by the appearance
of Plectodina at 5759.1 ft (1755.4 m) and the genus is
well represented through to the 5706 fi (1739.2 m)
level. However, clear indications of sea-level
oscillations are recognized by the presence of
shallower water biofacies represented by
Aphelognathus at 5733 ft (1747.4 m) and 5743.6 ft
(1750.6 m). Abundant Oulodus mixed with Plectodina
at 5721.4 ft (1743.9 m) may suggest an intermediate
water depth. An argillaceous dolostone bed at 5727.8 ft
(1745.8 m) produced the greatest abundance of
Plectodina, suggesting an increase in water depth.
Samples from adjacent beds are also abundant in
conodonts.

The remainder of the section appears to represent
shallower water deposition with Aphelognathus and
Oulodus dominating the fauna throughout the 5638.5
to 5695.7 ft (1718.6 to 1736.0 m) interval. Abundance
is low and specimens of Aphelognathus are excluded
close to an evaporite unit within the Lake Alma
Member. An extremely shallow episode is recorded by
Rhipidognathus at 5640.6 ft (1719.3 m) within the
uppermost part of the Coronach Member of the Herald
Formation.

No indications of deep water biofacies were found in
this well.

CDR Shell FPC Oungre 15-9-2-14W2

The core from CDR Shell FPC Oungre 15-9-2-14 W2
brackets the upper Yeoman, Herald, and lowermost
Stony Mountain formations. Nine samples were taken
from the uppermost 63 ft (19.2 m) of the Yeoman
Formation, ten samples from the Herald Formation
(104 ft, 31.7 m thick) and three from the lower 13 ft
(3.96 m) of the Stony Mountain Formation (Figure 4).

Biostratigraphy

The distribution of conodont species is shown in Table
3. The lowest six samples (10.040.5 to 10,089.0 ft;
3060.3 to 3075.1 m) yield specimens probably
assignable to Aphelognathus but the specimens are so
fragmentary or the preserved apparatuses are too
incomplete for specific identification. These samples
also include specimens of Qulodus? sp. and
Pseudobelodina vulgaris vilgaris, the latter supplying
a minimum age of mid-Edenian for the interval as at
Pangman. Good specimens of Plectodina acufeatoides,
a specics that ranges from mid-Edenian to mid-
Richmondian, were collected at 10.052.5 ft (3064.0 m)
and 10,061.5 ft (3066.7 m).

A single specimen assignable to Culumbodina occurs
at 10,040.5 ft (3060.3 m) which suggests an age no
younger than mid-Maysvillian. This places an upper
age limit on this lower part of the Yeoman at the
Oungre well.

The next highest biostratigraphically significant form,
Aphelognathus aff. A. divergens, occurs at 10,0283 fi
(3056.6 m) in the upper part of the Yeoman Formation.
This form is most similar to A. divergens reported by
Sweet (1979, 1984) to be restricted to the Richmondian
Stage of the Upper Ordovician, but the M elements are
more similar to those of 4. shoshonensis, a somewhat
older species. These specimens appear just a few feet
above mid-Maysvillian conodonts, and thus may be
transitional between Maysvillian A. shonshonensis and
Richmondian A. divergens and suggest a Late
Maysvillian age. This is similar to the situation noted at
the Holdfast well.

Samples higher in the Yeoman Formation and from the
lower part of the Herald Formation are conodont poor.
Specimens of Panderodus bergstroemi, a mid-
Maysvillian or younger species, occur at 10,019.0 fi
(3053.8 m) but the interval from 9937.5 ft (3029.0 m)
to 10,006.55 {t (3050.0 m) is virtually barren except
for specimens of the long-ranging Panderodus.

Aphelognathus re-appears at 9927.5 ft (3025.9 m),
together with a single specimen of Rhipidognathus, a
paleoecologically significant form, representing
extremely shallow conditions. Unfortunately the
specimens of Aphelognathus are not particularly well
preserved and cannot be firmly identified as A.
divergens which is the species expected in the Herald
Formation based on correlation with the Fort Garry
Member in Manitoba. Additional collections are
required to sort out the evolution of Aphelognathus in
this part of Saskatchewan.

A diverse fauna appears at the base of the Harthaven
Member of the Stony Mountain Formation. It includes
the biostratigraphically diagnostic Amorphognathus
ordovicicus known from late Maysvillian to
Gamachian strata around the world, and abundant
specimens of Phragmodus undatus and a variety of
other taxa. Higher samples in the Stony Mountain
Formation yield a markedly similar fauna.

Paleoecology

The numerically dominant taxon throughout the
Yeoman and Herald formations is the probably pelagic,
simple cone conodont Panderodus. The shallow water
Oulodus-Aphelognathus biofacies (10,0702 to
10,089.0 ft: 3069.4 to 3075.1 m) characterizes the
lower part of the Yeoman Formation in the Qungre
well. Slight deepening is indicated by the succeeding
Plectodina biofacies (10.032.2 to 10,061.5 ft: 3057.8
to 3066.7 m) and a return to the shallower water in the
uppermost Yeoman at 10,028.3 ft (3056.6 m) is
coincident with a change from mottled dolostone to
bioclastic dolostone.

Conodonts are generally rare in the Herald Formation;
in part, this may reflect proximity of several samples to
anhydrite beds. From the available evidence. the
Herald appears to have been deposited in shallow water
inhabited mainly by pelagic forms, but also
periedically by the Qulodus-Aphelognathus biofacies.

Summary of Investigations 200], Volume |



Oungre 15-9 - 2 - 14W2

feet
| Ei %\ 99107 _v-—
B 3
IFO:E\.‘EW 9920 —
Y 9930
Q
l ié\ 1
| ]n.? 9940 | o
| =
! l L‘ j h:'"f.
o 9950 - -
| 1B \
g 4l 1
|2 eseol .o 4 |
| 1.__ il 4‘1
@ i I N
}c| @ 9970, . | ‘.‘-. /ﬂh
€8 IR 2 i
(U|OL =g Pl _ !‘f ld
\‘E agso | | | 4
gl ] R ,
‘%l i = i;‘ | ,/rf.»' 2
215 ) e
| éi e 7’; o §
2oy = = 21 MHAR:
AL AE %
| E 54 O VD155 el
| 2| 10010 2 e | 3
. ‘ .
| IE’“ E il ik "p’,ﬁgzj.’l
T luum\gzr )
L / UK
| 10030 % .ﬁ-?oo
F iy REE o %\Hl .v,vl 3
L GENEUENE IS (i
| §| M'1004[): T L"j'{ 1 ; [‘,(h fl 68
B i b/
s} 1 =. o
el R b
8o SR [
i b
lfof' Y \Lu ,{‘iﬁ_l
M 4% Lie
L PR [
i S ‘I
1 10080 N { 36
1 27 s
oo ool
0 50 100
Percent

Saskatchewan Geological Survey

Conodonts

66 .
el

. Amorphognathus {O—To‘tbl
Tl

1

\ ) l Oulodus

l Panderodus

FTTT
W l: Plectodina
|

e,
?/ Z/é FPhragmadus

=

K Kukersitic bed

xxx Breccia

Figure 4 - Relative abundance of conodont genera in the

Oungre well.

7
E 3 Drepanoisfodus

Lithology

Argillaceous bioclastic
limestone

e
| - 'Biociasﬁc iimestone
- — Anhydrite

==

=
ﬂ 1 j Argillaceous dolostone

g
B .| Burrowed dolostone
ksl

= 7%
VN rj Bioclastic dolostone
A

[

lj ﬂ Argillaceous limestone
l ‘ Laminated dolostone
| I\ | Annydriic taminated
- |.. | dolostone

| \ Dolostone




CDR Shell FPC Oungre 15-9-2-14W2

22

Stony Mountain

Herald

Yeoman

(022452-D) 00166 N
(612462-0) 62166 7

(812452-D) S¥'Z266 &

(L12452-0) 16266 ©
(912252-0) 52266 ©
(512252-0) 52666 ©
(bL2252-0) 09566 ©

(€12452-D) 57’2966 ©
(greesz-0) L1266 ©
(11£252-0) 96266 ©

(012162-2) 656666 ©
(602252-D) 6580001 <

(80252-0) 0°6L001 ©

(L02252-0) L' 2z001 ©
(902452-D) £'82004 ©
($02252-0) z'zeoos ©
(v0£252-0) 5'0p001 ©
(£02£52-0) 525001 ©
(202252-0) 61900} ©
(102£52-D) 202001 ©
(00££52-D) £'82001 ©

(669252-2) 0’68001 ©

Amorphognathus ordovicicus

Aphelognathus aff. A. divergens

Aphelognathus sp.

12

10

11

Belodina confiuens

Culumbodina occidentalis

23

30

Drepanoisfodus suberectus

Qutodus? sp.

Panderodus bergstroemi

Panderadus gibber

75

157

35

66

17 5 60 14 35

13

Panderodus gracilis

Panderodus panderi

Parabelodina denficulata

Parabelodina cf. P. denticulata

Paroistodus? nowlani

16 333

260

Phragmodus undatus

Plectodina aculeatoides
Plectodina florida
Plectodina sp.

Plegagnathus sp.

0

Pseudobelodina vulgaris vulgaris

Pseudobelodina ? dispansa
Pseudcbelodina sp.

1543
8038

20 466
297 250 218

526

623 400 242 200 197 300 333 400 498 300 |

0
Q
e
0
0
0
4

3 100

68

e}
0
0
0
0
0
27

8 128

0
0
0
0
0
0
36

0
0
0
0
0
0
15
400 456 400 468 400 522 400 334 400 |

Total
Table 3 - Numerical distribution of conodont species by sample depth in feet and GSC locality number in the Qungre well.
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Pseudooneofodus mitratus

Rhipidognathus sp.
Staufferella brevispinata

Walliserodus sp.

Summary of Investigations 2001, Volume |



The recurrence of Plectodina sp. at 10,019.0 ft

(3053.8 m) and at 9971.7 ft (3039.4 m) may be
indicative of deeper water. A single specimen of
Rhipidognathus, representative of extremely shallow
water, occurs in the upper part of the Herald Formation
at 9927.5 ft (3025.9 m).

The faunal change into the Stony Mountain Formation
is made dramatic by the abundance of
Amorphognathus and Phragmodus representative of
deeper water biofacies and an implied major
transgression.

Imperial Hartaven 2-11-10-9W2

Imperial Hartaven 2-11-10-9W2 contains core from the
Herald and Stony Mountain formations from which
five samples were taken from the uppermost 47 fi
(14.3 m) of the Herald Formation including the
Redvers unit and most of the Coronach Member, and
thirteen samples from 91 ft (27.7 m) of Stony
Mountain Formation, ranging through the Hartaven,
Gunn, and Gunton members (Figure 5).

Biostratigraphy

The distribution of conodont species in the Hartaven
well is shown in Table 4. Conodonts from the
Coronach Member and Redvers unit of the Herald
Formation are similar to those recovered from this
interval in the Oungre 15-9-2-14W2 and Holdfast 14-
12-23-26 W2 wells. They are dominated by specimens
of the simple cone genera Panderodus and
Drepanoistodus. The most abundant denticulate form
is referable to Aphelognathus. This species is referred
to A. aff. 4. divergens. This interval is undoubtedly
Late Ordovician, but its precise location within the
Maysvillian-Richmondian interval is uncertain. It is
likely Late Maysvillian, but the relationship of the
species of Aphelognathus, the only abundant
denticulate genus, needs to be clarified to support this
view (see comments above under the Oungre well).

The basal sample of the Stony Mountain Formation
yields an abundant fauna that includes the
internationally recognized zonal fossil
Amorphognathus ordovicicus, which ranges from mid-
Maysvillian through Richmondian and into the
Gamachian, and an enormously abundant influx of
Phragmodus undatus.

Specimens of Oulodus rohneri Ethington and Furnish,
an indicator of Richmondian or younger Late
Ordovician age, occur within the upper part of the
Hartaven Member of the Stony Mountain Formation
(GSC loc. C-257728, 7469.7 ft (2276.8 m). Also
present is the first occurrence of the Richmondian
Staufferellia brevispinata Nowlan and Barnes.
Specimens of (J. rohneri also occur in the lower part of
the Gunton Member (GSC loc. C-257733; 7429 ft;
2264.4 m).

Saskatchewan Geological Survey

The high abundance and diversity in the Hartaven and
Gunn members drop off drastically in the Gunton
Member. Abundance runs from an astonishing 4200
specimens per kilogram in the Hartaven Member, to
five specimens per kilogram in the Gunton Member.
No biostratigraphically diagnostic forms occur above
7418.5 ft (2261.2 m) in the Gunton Member.

Paleoecology

The yield from samples of the Coronach Member is
generally too sparse to provide worthwhile information
on biofacies; however, one sample (C-257723 at
7513.7 ft; 2290.2 m) is within the Apehlognathus
biofacies. The Redvers unit reveals a shallow
depositional episode by the dominance of specimens of
Aphelognathus, and the sample at 7498.5 ft (2285.5 m)
{GSC loc. C-257724) includes specimens of
Rhipidognathus, indicating extremely shallow
conditions. The topmost sample in the Redvers yielded
only two specimens of Panderodus.

Dramatic deepening of the basin during Hartaven time
is indicated by the abundance of the deep water forms
Phragmodus and Amorphognathus. The relative
abundance of Phragmodus is reduced at the base of the
Gunn Member (GSC loc. C-257729; 7467 .2 ft;

2276.0 m) and specimens of the shallower water genus
QOulodus increase in abundance, although simple cones,
especially Panderodus, dominate the faunas above this
level. Slight deepening of the basin in the upper Gunn
Member is signified by the reappearance of
Phragmodus and Plectodina, but their number is
greatly reduced. The base of the Gunton Member of
the Stony Mountain Formation s still within the
Oulodus biofacies, but immediately above, abundance
and diversity completely drops off with simple cone
genera being the only representatives. In the senior
author’s opinion, the cone genera represent pelagic
conodont forms and that the entire Gunton succession
may have been deposited in water too shallow to
accommodate any benthic forms.

4. Discussion

The biostratigraphic data confirm an Edenian-
Maysvillian age for the Yeoman Formation, especially
as based on the presence of species of Culumbodina.
Specimens of Parabelodina denticulata and a related
form occur in the upper Yeoman and lower Herald
formations and thereby suggest a Maysvillian age for
this part of the section. The precise age of the upper
part of the Herald remains in doubt because of the
difficulty of identifying sparse specimens of
Aphelognathus. However, recovery of Parabelodina
denticulata and Aphelognathus divergens, an indicator
of Richmondian age, from the correlative Fort Garry
Member of the Red River Formation in Manitoba
(Elias er al., 1988) suggests that the upper Herald is
Richmondian, but the presence of Aphelognathus
divergens cannot be confirmed.
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Figure 6 - Hustrations of conodonis from the Upper
Ordovician of Saskatchewan (specimens arranged
ulphabetically by genus and species, A to P),

I to 4) Amorphognathus ordovicicus Branson and Mehl. 1,
Outer lateral view, Pb element, x71, GSC 120873; 2, outer
lateral view, M element, x83, GSC 120874; 3, lateral view,
Sd element, x97, GSC 120875; 4, oral view, broken Pa
element, x91, GSC 120876, All specimens from the lower
part of the Stony Mountain Formation in the Om:sgre well:
I and 2 from GSC loc. C-257718, 3 and 4 from GSC loc. (-
257724,

5 to 15) Aphelognathus aff. A. divergens Sweet. 5, Inner
lateral view, Sc element, x55, GSC 120877; 6, posterior
view, 8§b element, x51, GSC 120878; 7, posterior view, Sa
element, x54, GSC 120879; 8, posterior view, Sb element,
x49, GSC 120880; 9, inner lateral view, Sc element, x76,
GSC 120881; 10, inner lateral view, M element, x60, GSC
120882; 11, inner lateral view, M element, x78, GSC
1200883 12, outer lateral view, Pb element, x31, GSC
120884; 13, luteral view, Pa element, x79, GSC 120885; 14,
lateral view Pa element, x5%, GSC 120886, 15, Pa element,
x68, GSC 120887. Specimens 6, 7, 9, 11, 12, and 14 are
Jrom GSC loc. C-257706 in the Yeoman Formation in the
Qungre well; specimens 3, 8, 10, and 13 are from GSC loc.
C-257724 in the upper part of the Herald Formation,
Hartaven well; specimen 15 is from GSC loc. C-322654 in
the Herald Formation, Holdfast well.

16 and 17) Belodina confluens Sweet. 16, Lateral view,
compressiform element, x67, GSC 120888; 17, lateral view,
grandiform element, x61, GSC 120889. Both specimens
from GSC loc. C-322668 in the Yeoman Formation,
Hoh({[asr well.

18) Coelocerodontus trigonius Ethington. Lateral view, x73,
GSC 120890, from the Stony Mountain Formation in GSC
loc. C-257729, Hartaven well.

19) Culumbaodina occidentalis Sweet. Lateral view, x43,
GSC 120891, from the Yeoman Formation, GSC loc. C-
322668, Holdfast well.

20) Culumbadina penna Sweet. Lateral view, x92, GSC
120892, from the Yeomun Formation, GSC loc. C-322668,
Holdfast well,

21 and 22) Drepanoistodus suberectus (Branson and Mehl).
21, Lateral view, oistodontiform r element, x84, GSC
120893; 22, lateral view, g element, x80, GSC 120894, Both
specimens from the basal Stony Mountain Formation in
GSC loc. (-257718, OQungre well.

23, 25, 26, and 31) Oulodus ulrichi (Stone and Furnish).
23, Lateral view, Sc element, x52, GSC 120895; 25, inner
lateral view, Ph element, x60, GSC 120896; 26, inner
lateral view, M element, x80, GSC 120897; 31, posterior
view, laterally broken Pa element, x70, GSC 120898. All
specimens from the Stony Mountain Formation, GSC loc.
C-257730, Hartaven well,

24) Oulodus rohneri Ethington and Furnish. Posterior
view, Pa element, x85, GSC 120899, from the Stony
Mountain Formation, GSC loc. C-257733, Hartaven well.
27} Panderodus gibber Nowlan and Barnes. Lateral view,
x80, GSC 120900, from basal Stony Mountain Formation,
GSC loc. C-257726, Hartaven well.

28) Panderodus panderi (Stauffer). Lateral view, x63, GSC
120901, from the hasal Stony Mountain Formation, GSC
loc. C-257726, Hartaven well.

29) Panderodus gracilis {Branson and Mehl). Lateral view,
x75, GSC 120902, from the basal Stony Mountain
Formation, GSC loc. C-257726, Hartaven well,

30) Parabelodina denticulata Sweet. Lateral view, x104,
GSC 120903, from the Herald Formation, GSC loc. C-
322661, Holdfast well.

32 and 34) Parabelodina cf. P. denticulara Sweet. 32,
Lateral view, xI31, GSC 120904; 34, lateral view, x120,
GSC 120905, Specimen 32 from the Herald Formation,
GSC loc. C-322658, Holdfust well and specimen 34 from
the Herald Formation, GSC loc. C-257708, Oungre well.
33) Paroistodus? nowlani Zhen, Webby and Barnes. Inner
lateral view, oistodontiform element, x137, GSC 120906,
from the basal Stony Mountain Formation, GSC loc. C-
257726, Hartaven well,
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A striking turnover in the conodont fauna occurs at the
base of the Stony Mountain Formation,
Amorphognathus ordovicicus, the worldwide index for
Middle Maysvillian and younger Late Ordovician
strata, is found together with extremely abundant
Phragmodus undatus. Specimens of Oulodus rohneri
in the lower part of the Stony Mountain Formation
confirm a Richmondian age for the unit. Conodont
abundance decreases drastically in the upper part of the
Stony Mountain Formation and diagnostic forms are
absent. Previous work (Norford ez al., 1998; Nowlan
and Haidl. 1999) has shown that the remainder of the
Stony Mountain and the lower part of the Stonewall are
Richmondian and that the Ordovician-Silurian
boundary occurs within the Stonewall Formation.

Conodont biofacies, expressed in terms of relative
abundance curves for genera, show marked changes in
depositional environment from the base of the
Yeoman, through the Herald, and into the Stony
Mountain Formation. Yields from the basal part of the
Yeoman are sparse, but the forms present (e.g.
Oulodus) are suggestive of shallow water deposition.
General deepening followed, as indicated by the
increase in species of Plectodina throughout much of
the middle and upper part of the Yeoman Formation
(Figures 3 and 4). Within this interval, increases in the
relative abundance of Aphelognathus suggest distinct
shallowing episodes.

One such shallowing episode is reflected by higher
energy fabrics in the “transitional” unit at the top of the
Yeoman in several wells (including Oungre) (Pratt er
al., 1996; Canter, 1998: Kreis and Kent, 2000), and in
sub-aerially exposed surfaces in the lower portion of
the laminated carbonate unit of the Lake Alma
Member (Kent and Kissling, 1998; Kreis and Kent,
2000). The recurrence of Plectodinag within Lake Alma
laminated carbonates in the Oungre well may reflect a
deepening event associated with deposition of the
upper portion of this laminated unit. In the Holdfast
well, the presence of burrowed fossiliferous dolostone
between beds of Lake Alma laminated strata also
suggests a deepening event. The relative abundance of
Aphelognathus in this fossiliferous unit and the
overlying laminated unit suggests shallower conditions
than in the middle part of the Yeoman. However,
paleoecological interpretation of the Lake Alma
sequence based on conodonts is limited in this well
because the lower laminated bed was not sampled.
Further detailed sampling in this and other cores is
required to determine whether or not a sequence
boundary separates lower Lake Alma laminated strata
from overlying carbonates and basin-centred,
subaqueously deposited Lake Alma evaporites as
suggested by Canter (1998).

Specimens of Rhipidognathus are present in the upper
part of the Herald Formation in both the Holdfast and
Hartaven wells (Figures 3 and 5). This suggests an
extreme shallowing episode and a possible period of
emergence. Lithological evidence for sub-aerial
exposure in this part of the stratigraphic section is
reported by Kreis and Kent (2000).
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The striking concentration of deep and possibly cooler
water conodonts Amorphognathus and Phragmodus at
the base of the Stony Mountain Formation indicates a
major transgression and a rise in sea level or the
introduction of a cooler water mass. Based on evidence
from the Hartaven well, this deep water episode
persists through the Hartaven Member and into the
lower part of the Gunn Member. While specimens of
Phragmodus continue to be present in upper samples

Figure 7 - Hustrations of conodonts from the Upper
Ordovician of Saskatchewan (specimens arranged
aiphabetically by genus and species, P to W).

I to 8) Phragmodus undatus Branson and Mehl. 1, Lateral
view, Sc element, x77, GSC 120907; 2, lateral view, Sc
element, x93, GSC 120908, 3, lateral view, Sd element, x75,
GSC 120909; 4, inner lateral view, M element, x55, GSC
120910; 5, inner lateral view, M element, x86, GSC
120911; 6, inner lateral view, Pb element, x74, GSC
120912; 7, outer lateral view, Pa element, x75, GSC
120913; 8, outer lateral view, Pa element, x81, GSC
120914. Specimens 1, 3, 4, 6, and 7 from basal Stony
Mountain Formation in GSC loc. C-257718, Oungre well;
specimens 2, 5, and 8 from basal Stony Mountain
Formation in GSC loc. C-257726, Hartaven well.

9 to 13) Plectodina aculeatoides Sweet, 9, Inner lateral
view, Sc element, x90, GSC 120915; 10, posterior view, Sh
element, x107, GSC 120916; 11, inner lateral view, M
element, x95, GSC 120917; 12, inner lateral view, Pb
element, x62, GSC 120918; 13, lateral view, Pa element,
x92, GSC 120919. All specimens from Yeoman Formation,
GSC loc. C-257702, Qungre well.

14 to 18 and 21) Plectodina florida Sweet. 14, Inner lateral
view, Sc element, x98, GSC 120920; 15, posterior view, Sh
element, x98, GSC 120921; 16, posterior view, Sc element,
x116, GSC 120922; 17, inner lateral view, M element, x74,
GSC 120923; 18, inner lateral view, Pb element, x77, GSC
120924; 21, lateral view, Pa element, x111, GSC 120925.
All specimens from Stony Mountain Formation in the
Hartaven well: 14, 15, 16, 18, and 21 from GSC loc, (-
257730 and 17 from C-257729.

19) Plegagnathus nelsoni Ethington and Furnish. Lateral
view, x98, GSC 120926, from the Herald Formation, GSC
loc. C-322654, Holdfast well.

20 and 23) Pseudobelodina? dispansa (Glenister). 20,
Lateral view, broad element, x80, GSC 120927; 23, lateral
view, slender element, x69, GSC 120928. Specimen 20 from
basal Stony Mountain Formation, GSC loc. C-257726,
Hartaven well and specimen 23 from Yeoman Formation,
GSC loc. C-3226635, Holdfast well.

22) Pristognathus bighornensis Stone and Furnish.
Posterior view, Pa element, x70, GSC 120929, from Stony
Mountain Formation, GSC loc. C-257731, Hartaven well.
24 and 28} Pseudobelodina vulgaris vulgaris Sweet. 24,
Inner lateral view, x64, GSC 120930; 28, lateral view, x100,
GSC 120931. Specimen 24 from Yeoman Formation, GSC
loc. C-322665, Holdfast well and specimen 28 from
Yeoman Formation, GSC loc. C-257740, Pangman well,
25 and 30) Rhipidognathus symmetricus Branson, Mehi and
Branson. 25, Posterior view, symmetrical element, X435,
GSC 120932; 30, posterior view, asymmetrical element,
x33, GSC 120933. Both specimens from upper part of
Herald Formation, GSC loc. C-257724, Hartaven well.

26, 27, and 29) Walliserodus amplissimus (Serpagli). 26,
Inner lateral view, Sc element, x91, GSC 120934; 27,
lateral view, Sa element, x92, GSC 120935; 29, posterior
view, Sa element, x100, GSC 120936, All specimens from
the lower part of the Stony Mountain Formation, GSC loc.
C-257728, Hartaven well.
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from the Gunn, they are much less abundant and the
proportionate decrease in number of Plectodina
suggest shallowing (Figure 5). The Gunton Member of
the Stony Mountain Formation produces few
conodonts suitable for biofacies analysis.

5. Future Work

More detailed sampling combined with lithologic
studies are required to facilitate sequence stratigraphic
interpretation of Upper Ordovician strata. The data
presented here are integrated with geochemical data on
the neodymium isotopes and samarium-neodymium
ratios of conodont and rock samples from many of the
same samples (Fanton ef al., in review). The
combination of biostratigraphic and paleoecological
data with these geochemical tools provides insight into
the submergence history of the craton in the Williston
Basin area. Integration of these types of lithological,
geochemical, and paleontological data is planned for
correlative sections of Manitoba and Saskatchewan,
probably in the Weybum-Midale area and over the
Ordovician-Silurian boundary interval in
Saskatchewan and Manitoba.
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