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l . Introduction 

Previously published conodont data from drill holes 
and outcrops in Manitoba and Saskatchewan ind icate 
that the Ordovician-Silurian boundary occurs in the 
upper one-third of the Stonewall Formation in the 
Williston Basin area (Norford et al. , 1998). New data 
suggest that the boundary is in a sim ilar position in the 
Imperial Herald l-3 l-1-20W2 well which is located 
closer to the centre of the Williston Basin than 
previously sampled locations (Figure 1 ). 

Figure I - locatio11 in the Williston Basin area of selected 
cores and outcrops of the upper one-third of the Stonewall 
Formation. Conodont data are available for the Herald 
(this paper), Esterhazy, Sandridge, Warren, and Cormorant 
Hill (Norford et al. , 1998) sections. 

2. Stratigraphic Setting 

Warm shallow seas covered much of the North 
American craton during the Late Ordovician and Early 
Silurian. Rocks from this time are characterized, in 
general, by repetition of the following lithologics: 
I) argillaceous dolomudstone and dolom itic shale 
marker beds with varying proportions of quartzose 
sand; 2) fossiliferous, commonly burrowed. 
dolomudstone/wackestone; 3) skeletal, lithoclast ic, 
peloidal dolowacke/pack/grainstone; 4) dolomudstone 
(commonly laminated); and 5) anhydrite in the central 
portion of the basin . The sequences are interpreted as 
representing brining- or shallowing-upward cycles, or 
cycles that reflect both processes (e.g. Roehl , 1967; 
Kendall, 1976; Johnson and Lescinsky, 1986; Pratt et 
a l., 1996). A recently published interpretation of the 
oldest of these repetitive sequences in the Yeoman and 
lower Herald formations (Red River) suggests that 
deposition of the evaporites represents a deepening 
event which fo llowed deposition of shallow water 
carbonates, some of which show evidence of subaerial 
exposure (Canter, 1998; Kent and Kissling, 1998). 
Detailed sedimentolog ical studies are required to 
detennine if th is interpretation has relevance to the 
sequences in the Stonewall Formation. 

Correlation of lithologic units in the Imperial Herald 
well to those in Esterhazy 16-26-20-33 W I, another 
well that has been extens ively sampled for conodonts, 
is shown in Figure 2. Anhydrite deposits are present at 
the top of the Stony Mountain and in the lower 
Stonewall in the Herald well; they do not extend to the 
Esterhazy well which is farther from the basin centre. 
Overall, strata between the lower Stonewall marker and 
the lower t-marker are much more fossil iferous in the 
Esterhazy core than in the one from Herald. A 2.5 m 
unit of dolowackestone containing abundant specimens 
of the brachiopod Oepikina stonewallensis (Brindle, 
1960; Kendall, 1976) is present in the Herald core at 
the same stratigraphic level as a coral-stromatoporoid 
doloboundstone un it in the Esterhazy well. 

In both wells, the in terval associated with the 
Ordovician-Silurian boundary has two close ly spaced 
beds designated as the lower and upper t-markers 
which are separated by a dolowacke/mudstone unit. On 
geophysical logs, the lower t-marker in the Herald well 
is I 07 cm thick (2850.49 to 285 1.56 m; 9352 to 
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Figure 2 - Correlation of gamma-ray logs and lithologic units in the Imperial Herald J-3 /-J-20W2 and IMC K-1 faterhazy 
3SWD 16-26-20-JJWJ wells. The Ordovician-Silurian boundary, as determined from conodont ,Jato, is illustrated by a 
dashed line. 111 the Hera/ti well, Silurian conodonts were identified in an interval from 9345.5 to 9346.0 ft and Ordovician 
conodonts ;,, a sample from 9347.0 to 9347.5 ft. In the £ .5terhazy well, Silurian conodonts are present in a sample from 
I /89.59 to 1189.80 m and Ordovician conodonts in an interval from 1189.88 to //90.01 m (Norford et al., 1998). 

93 55.5 ft), only 50 cm of which is preserved in core. 
This unit is composed of dark grey, laminated, 
do lomitic shale and argillaceous dolomudstone; it is 
bioturbated at the top. A fossili ferous dolowackestone 
with abundant corals, bryozoans, and echinodenns 
grades upward to a dolomudstone that is laminated in 
its upper part. just below the upper t-marker. At 
Esterhazy the lower I-marker is 80 cm thick ( I 192.0 to 
1192.8 m). Sand gra ins are abundant in shale 
laminations within 1he dolomudstone at the base of the 
lower t-marker and in the overlying dolomitic 
shale/argillaceous dolomudstone (60 cm) which is 
reddish brown with yellow mottling. Overlying the 
bioturbated top of the lower t-marker is a mottled 
dolostone with scattered large vugs, some of which 
resemble fossil molds. This is overlain by a nodular 
do lomudstone which becomes increasingly brecciated 
upwards to where it grades into the upper t-marker. 

The upper t-marker is identified by a gamma-ray 
response that is higher than the adjacent carbonates but 
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lower than the lower t-marker (Figure 2). In the Herald 
well, the upper t-marker is composed of bluish-grey 
mottled, dolomudstone with abundant laminae and 
scattered grains of quartzose sand (Figure 3). In the 
Esterhazy core. the upper t-marker is a grey and buff 
mottled do lomudstone with a "chaotic" texture. It 
contains minor irregular laminae of greenish-grey clay­
filled fractures or cracks, in which anhydrite is also 
common and lenses and scattered grains of quartzose 
sand are abundant in the upper 25 cm (see Figure 5, 
Norford, et al. , 1998). For details of the t-markers in 
other wells and outcrops in Saskatchewan and 
Manitoba see Norford et al. ( 1998). 

Strata between the upper t-marker and the top of the 
Stonewall Formation comprise: I) a basal 
dolomudstone, commonly fossiliferous with laminated 
interbeds; 2) interbcds of peloidal-skeletal-lithoclastic 
dolowackcstone; 3) a lam inated dolomudstone; and 4) 
a laminated argillaceous, dolomudstone marker bed at 
the to p (top Stonewall marker, Figure 2). 
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Figure 3 - Imperial Herald l -31- l -WWl, 1848.6 m 
(9345.8 ft), upper I-marker. Abu11dant quartw se sand 
grains scattered throug hout and concen trated in wispy 
laminae. Si/uria11 conodo11ts were recovered from sample 
interval 9345.5 to 9.146 ft. 

The brachiopod Virgiana decussata (Whiteaves), 
indicative of a late Rhuddanian (early Llandovery) age 
is common near the base of the Interlake Formation in 
Manitoba and has been identified in several 
Saskatchewan cores, including that from the Esterhazy 
well (J in et al. , th is volume; Jin et al., 1994 ). The 
Stony Mountain Formation which underlies the 
Stonewall is dated as Richmondian (see d iscussion in 
Elias et al., 1988). 

3. Conodont Data 

Eight samples from the Herald well have been 
processed for conodonts; all of the samples have 
yielded some specimens, nearly 300 in total (Table I), 
although recovery of biostratigraph ically diagnostic 
forms is generally sparse. Before analyzing the data 
presented, it is important to note how the Ordovic ian­
Silurian boundary is defined for the purposes of this 
study. Although Melchin et al. ( 199 I) have shown that 
conodonts of Silur ian aspect occur together with Late 
Ordovician forms in a thin transitional boundary 
interval in complete sections in the Arctic Islands, the 
boundary is taken here at the fi rst appearance of forms 
of Silurian aspect because of the likely absence of 
Gamach ian strata and at least some of the early 
Rhuddanian (for a more complete d iscussion of this 
question, sec Norford et al., 1998. p33). 

With this definit ion, the data show that the Ordovician­
Silurian boundary lies between 9346 and 9347 ft. 
Below 9347 ft. the fauna is of Late Ordov ician 
(Richmondian to ?Gamachian) age based on the 
presence of specimens of: I) Oulodus rohneri 
Ethington and Furnish (a Richmondian to Gamachian 
indicator; see Nowlan and Barnes, 1981 ; McCracken 
and Barnes, 198 1; Sweet, 1984 ); 2) and specimens of 
Pseudobelodina vulgaris Sweet that resemble the latest 
Richmond ian indicator subspecies f'. v. ultima Sweet, 
but are too rare and fragmentary to be identified with 
certainty; and 3) Aphelognathus sp., most sim ilar to A. 
divergens Sweet, a Richmondian species, but they are 
also too rare and fragmentary to be identified 
positively. The numerically dominant component of 
these Late Ordovician assemblages are specimens 
assignable to the simple cone genus Panderodus, 
which has a long range from Middle Ordovician to 
Middle Devonian, and to Drepanoistodus suberectus 
(Branson and Mehl), a long ranging species restricted 

Table I- Numerical distribution of conodont sp ecimens identified within .mmples in the Imperial Herald / .J 1-1-20 W2 well. 

Measurements in feet (below KB) 
9340.0- 9344.0- 9345.5- 9347.0- 9350.4- 93515- 9355.75- 9359.25-

Seecimens Iden tified 9340.5 9344.5 9346.0 9347.5 9350.7 9352.0 9356.25 9359.8 Total 

Aphelognathus sp. 5 6 5 17 
Drepanoistodus suberectus (Branson & Mehl) 17 10 27 54 
Oulodus rohneri Ethington & Furnish 6 6 
Panderodus gibber Nowlan & Barnes 2 2 
Panderodus panderi (Stauffer) 7 2 II 20 
PleclOdina? sp. s 5 
P/egagnathus sp. I 
Pseudobe/odina inc/inata (Branson & Mehl) s 6 
Pseudobelodina vulgaris Sweet 2 3 
Panderodus gracilis (Branson & Mehl) 3 32 32 65 3 137 
dcnticulate fragments IS 4 20 
Kockele/la manitoulinensis (Pollock et al.) 3 3 
Oulodus? sp. 6 6 
O::ark.odina hassi (Pollock et al.) 2 2 
Ozarkodina oldhamensis (Rexroad) 

TOTAL 10 2 6 63 47 123 20 12 283 
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to the Ordovician. As expected, the fauna is typical of 
the Midcontinent Faunal Region, and similar to faunas 
recovered from elsewhere in Saskatchewan and 
Manitoba at this level (Norford et al., 1998) . 

The lowest Early Silurian conodont specimens occur in 
the sample at 9345 .5 to 9346.0 ft (Table I). The fauna 
represents a typical Early Silurian (probably 
Rhuddanian) mid-continent fauna comprising 
specimens of Ozarkodina hassi, 0. oldhamensis, and 
Kockele/la manitoulinensis. This type of fauna is well 
known from earliest Silurian strata in North America, 
especially in the intracratonic basins: Michigan Basin 
(Pollock et al. , 1970) and Hudson Bay Basin and 
Williston Basin (Norford et al. , 1998). Similar faunas 
also occur in areas marginal to the Laurentian Platform 
such as the Arctic (Melchin et al., 1991 ), Gaspe 
Peninsula (Nowlan, 1983). Anticosti Basin (Nowlan 
and Barnes, 1981 ; McCracken and Barnes. 1981), and 
western Canada (Nowlan et al., 1988; Over and 
Chatterton, 1987) . 

4. Discussion 
One of the curious aspects of the Ordovician-Silurian 
boundary sections examined in Saskatchewan and 
Manitoba to date (Norford et al., 1998; Elias et al., in 
press) is that there does not appear to be any reworking 
of Ordovician conodonts into Silurian deposits. This is 
also true for the Herald well (data from this paper). The 
assumed gap in time between the deposition of the 
uppermost Ordovician unit and the earliest Silurian 
unit is equivalent to the duration of the Gamachian 
Stage of the latest Ordovician and at least the early part 
of the Rhuddanian stage of the earliest Silurian, an 
interval of three to five million years (see data cited in 
Okulitch, 1995). Denticulate conodonts from the two 
periods are so distinctive that it would be easy to tell 
re-worked Ordovician material , but none has been 
identified so far. On the other hand, it would not be 
possible to tell if specimens of the abundant simple 
cone genus Panderodus had been reworked because 
Ordovician and Silurian forms are indistinguishable. 
Since the chances of reworking of both types of 
element are the same, it is assumed that no re-working 
has occurred. It is difficult to envisage how the Silurian 
transgression could have proceeded without eroding at 
least some of the underlying Upper Ordovician strata 
which we know to have been rich in conodonts. The 
lack of re-working implies that no strong river systems 
developed during the hiatus and that transgression was 
slow and gentle. with no major storms and thus 
minimal erosion of Upper Ordovician strala, at least in 
the areas studied to date. 

In the Herald well, the Ordovician-Silurian boundary 
lies within, or at the base of, the upper t-marker; 
whereas, in the Esterhazy well, earliest Silurian faunas 
appear just above the upper t-marker (Norford et al., 
1998). This raises the possibility that the upper t­
rnarker is slightly diachronous between the two wells. 
The origins of the marker beds that characterize 
Stonewall and Interlake strata are not well understood. 
Johnson and Lescinsky ( 1986) interpreted them as 
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regressive units. Kendall (1976), on the other hand, 
interpreted them as transgressive deposits. Given that a 
gap of three to five million years is interpreted between 
strata with latest Ordovician conodonts and those with 
earliest Silurian conodonts (see above), the occurrence 
in the Esterhazy core of Ordovician conodonts 4 cm 
below the top of the upper t-marker and Silurian 
conodonts 4 cm above supports an interpretation of this 
bed as a regressive unit. One possible explanation for 
the different ages of conodonts in the upper t-marker in 
the Esterhazy and Herald wells may be that the upper t­
marker in Herald represents a transgressive event 
associated with migration of the first Silurian faunas 
into the Williston Basin, whereas, in the Esterhazy 
well. this marker bed is a regressive deposit that 
records subaerial exposure in the area prior to that 
Silurian transgression. A difference in sedimentary and 
diagenelic textures in the upper I-marker beds in these 
wells also suggests that the two marker beds may have 
a different history. In Esterhazy, this unit has a 
brecciated "chaotic" texture, whereas in the Herald 
core it is characterized by interbedding of mottled and 
laminated slrata (cf. Figure 3, this paper and Figure 5, 
Norford et al. , 1998). 

5. Further Work 

Of primary importance is more detailed sampling in 
the Herald core in order to narrow down the boundary 
interval and establish with greater certainty the 
possible diachronous nature of the upper t-marker bed. 
Further detailed sampling should also be completed on 
core from the Sandridge area of Manitoba. To date, 
two wells have been examined in this area where it was 
shown that the t-marker interval may contain Silurian 
conodonts (Norford et al., 1998, Figure 10). More 
detailed sampling will assist in establishing the degree 
of diachronism of the t-marker interval across a wider 
region. In addition, it would be worth sampling cores 
from drill holes in Cumberland- Namew Lake area (e.g. 
SR3, BER 14, NER37, Figure I) in which the t-marker 
interval is poorly developed, in order to ascertain the 
position of the Ordovician-Silurian boundary and to 
facilitale correlation of strat igraphic units in this area to 
those in Manitoba and southern Saskatchewan. 

It is also crucial that sedimentolog ical studies be 
initiated in order to determine environments of 
deposition in the Stonewall formation and to elucidate 
the origin of the marker beds. A longer term goal is the 
integration of paleontological, stable isotopic, and 
sedimentolog ical data to address impact of sea-level 
changes and basin subsidence on sequences in the 
Williston and Hudson Bay basins and the 
interconnection between the two. Some initial work has 
begun to address this important potential contribution 
to the understanding of the development of two 
adjacent intracratonic basins (Fanton et al., 1998; 
Norford et al. . 1998; Jin et al., this volume). 

15 



6. References 

Brindle, J.E. (1960): The Faunas of the Lower 
Paleozoic Carbonate Rocks in the Subsurface of 
Saskatchewan; Sask. Dep. Miner. Resour., Rep. 
54, 45p. 

Canter, K.L. ( 1998): Facies, cyclostratigraphic and 
secondary diagenetic controls on reservoir 
distribution, Ordovician Red River Formation, 
Midale Field, southern Saskatchewan; Eighth 
International Williston Basin Symposium, Core 
Workshop Volume, Sask. Geo l. Soc.!N.D. Geol. 
Soc./Mont. Geol. Soc., p41 -65. 

Elias, R.J., Nowlan, G.S., and Bolton, T.E. (1988): 
Paleontology of the type section of the Fort Garry 
Member, Red River Formation (Upper 
Ordovician), southern Manitoba; New Mexico 
Bureau of Mines Miner. Resour., Mem. 44, p34 l-
359. 

Elias, R.J., Young, G.A., Nowlan, G.S., Dobrzanski, 
E.P., and Rudkin, D.M. (in press): Ordovician­
Silurian boundary section discovered near 
Churchill , Manitoba: Preliminary report; in 
Proceedings of the Eighth International 
Ordovician Symposium, Prague, Czech Republic, 
Acta Universitatis Carolinae-Geologica. 

Fanton, K., Holmden, C., Nowlan, G.S., and Haid!, 
F.M. (1998): Nd and C isotope stratigraphy of 
Ordovician carbonates in the Williston Basin; in 
Christopher, J.E., Gilboy, C.F., Paterson, O.F., and 
Bend, S.L. (eds.), Eighth International Williston 
Basin Symposium, Sask. Geol. Soc., Spec. Publ. 
No. 13 , p8. 

Jin, J., Caldwell, W.G .E., and Norford, B.S ( 1994): 
Early Silurian brachiopods and biostratigraphy of 
the Hudson Bay Lowlands, Manitoba, Ontario, and 
Quebec; Geo!. Surv. Can., Bull. 457 (dated 1993), 
22 1p. 

Johnson, M.E. and Lescinsky, H.L. ( 1986): 
Depositional dynamics of cyclic carbonates from 
the Interlake Group (Lower Silurian) of the 
Williston Basin ; Palaios, v I, p 111-121. 

Kendall , A.C. ( 1976): The Ordovician Carbonate 
Succession (Bighorn Group) of Southeastern 
Saskatchewan; Sask. Dep. Miner. Resour., Rep. 
180, 185p. 

Kent, O.M. and Kissling, D.L. ( 1998): Covert facies of 
the Red River C laminated member, northern 
Williston Basin; in Christopher, J.E., Gi lboy, C.F., 
Paterson, D.F., and Bend, S.L. (eds.), Eighth 
International Williston Basin Symposium , Sask. 
Geol. Soc., Spec. Publ. No. 13, p24. 

McCracken, A.O. and Barnes, C.R ( 198 1 ): Conodont 
biostratigraphy and paleoecology of the Ell is Bay 
Formation, Anticosti Island, Quebec, with special 
reference to Late Ordovician- Early Silurian 

16 

chronostratigraphy and the systemic boundary; 
Geol. Surv. Can., Bull. 329, p51-134. 

Melchin, M.J., McCracken, A.O. , and Oli ff, F.J. 
( 199 1 ): The Ordovician-Silurian boundary on 
Cornwallis and Truro is lands, Arctic Canada: 
Preliminary data; Can. J. Earth Sci., v28, p I 854-
1862. 

Norford, 8.S., Nowlan, G.S., Haid!, F.M., and Bezys, 
R.K. ( 1998): The Ordovician-Silurian boundary 
interval in Saskatchewan and Manitoba; in 
Christopher, J.E., Gilboy, C.F., Paterson, D.F. , and 
Bend, S.L. (eds.), Eighth International Williston 
Basin Symposium, Sask. Geol. Soc., Spec. Publ. 
No. 13, p27-45. 

Nowlan, G.S. (1983): Early Si lurian conodonts of 
eastern Canada; Fossi ls and Strata, No. 15 , p95-
II O. 

Nowlan, G.S. and Barnes, C. R. ( 1981): Late 
Ordovician conodonts from the Vaureal 
Formation, Anticosti Island, Quebec; Geol. Surv. 
Can., Bull. 329, p 1-49. 

Nowlan, G.S., McCracken, A.O., and Chatterton, 
B.O.E. ( 1988): Conodonts from Ordovician­
Silurian boundary strata, Whinaker Formation, 
Mackenzie Mountains, Northwest Territories; 
Geol. Surv. Can., Bull. 373, 99p. 

Okulitch, A.V. (1995): Geological time chart ; Geol. 
Surv. Can., Open File 3040. 

Over, O.J. and Chatterton, B.D.E. ( 1987): Silurian 
conodonts from the southern Mackenzie 
Mountains, Northwest Territories, Canada; 
Geologica et Palaeontologica, v2 I, p 1-49. 

Pollock, C.A., Rexroad, C. B., and Nicoll , R.S. ( 1970): 
Lower Silurian conodonts from northern Michigan 
and Ontario; J. Paleonto l., v44, p743-764. 

Pratt, B.R. , Bernstein, L.M., Kendall, A.K., and Haidl, 
F.M. (1996): Occurrence ofreefal facies in Red 
River strata (Upper Ordovician), subsurface 
Saskatchewan; in Summary of Investigations 
1996, Saskatchewan Geological Survey, Sask. 
Energy Mines, Misc. Rep. 96-4, pl47- 152. 

Roehl, P.O. ( 1967): Stony Mountain (Ordovician) and 
Interlake (Silurian) facies analogs of recent low­
energy marine and subaerial carbonates, Bahamas, 
Amer. Assoc. Petrol. Geol. Bull., v5 I, p I 979-
2032. 

Sweet, W .C. ( 1984 ): Graphic correlation of upper 
Middle and Upper Ordovician rocks, North 
America Midcontinent Province, U.S.A.; in 
Brutan, O.L. (ed.), Aspects of the Ordovician 
System, Palaeontological Contributions from the 
Univers ity of Oslo, No. 295, p23-35 . 

Summary nf Investigations /999. Volume I 


