This document was produced
by scanning the original publication.

Ce document est le produit d'une
numeérisation par balayage
de la publication originale.

GEOLOGICAL SURVEY OF CANADA
BULLETIN 412

CONTRIBUTIONS TO
CANADIAN PALEONTOLOGY

Papers by:

T.E. Bolton, H. M. Steele-Petrovich, and I. Munro
C.R.C. Paul and T.E. Bolton
U.F.G. Wissner and A.W. Norris
J. Utting
S.R. Ash and J.F. Basinger
R.L. Hall, T.P. Poulton, and L. Diakow

1991

i+l
Energy. Mines and Energie. Mines et C, d
l * l Resources Canada Ressources Canada dlla a

THE ENERGY OF OUR RESOURCES
THE POWER OF OUR IDEAS


fsauve
white stamp


GEOLOGICAL SURVEY OF CANADA
BULLETIN 412

CONTRIBUTIONS TO
CANADIAN PALEONTOLOGY

Papers by:

T.E. Bolton, H.M. Steele-Petrovich, and I. Munro
C.R.C. Paul and T.E. Bolton
U.F.G. Wissner and A.W. Norris
J. Utting
S.R. Ash and J.F. Basinger
R.L. Hall, T.P. Poulton, and L. Diakow

1991




©Minister of Supply and Services Canada 1991

Available in Canada through
authorized bookstore agents
and other bookstores

or by mail from

Canada Communication Group-Publishing
Ottawa, Canada K1A 0S9

and

Institute of Sedimentary and Petroleum Geology
Geological Survey of Canada

3303 - 33rd Street N.W,

Calgary, Alberta T2L 2A7

A deposit copy of this publication is also available
for reference in public libraries across Canada

Cat. No. M42-412E
ISBN 0-660-14054-3

Price subject to change

Critical readers

Paper 1 (T.E. Bolton, H.M. Steele-Petrovich, and I. Munro) C.R. Barnes, R.J. Cuffey, and A.D. McCracken
Paper 2 (C.R.C. Paul and T.E. Bolton) 7.W. Broadhead and B.S. Norford

Paper 3 (U.F.G. Wissner and A.W. Norris) M. House, D.W. Morrow, and W.W. Nassichuk

Paper 4 (J. Utting) E. W. Bamber and R.L. Ravn

Paper 5 (S.R. Ash and J.F. Basinger) T. Deleuoryas, A.F. Embry, and C.N. Miller

Paper 6 (R.L. Hall, T.P. Poulton, and L. Diakow) D.G. Taylor and H.-W. Tipper

Scientific editor

N.C. Ollerenshaw

Editor
L. Reynolds

Typesetting and layout
M.L. Jacobs
P.L. Greener
Cartography

Institute of Sedimentary and Petroleum Geology, and
authors’ own drafting

Manuscript submitted: 90.06.14
Approved for publication: 90.07.17



PREFACE

This volume of Contributions to Canadian Paleontology contains papers
describing many different fossils from localities in eastern, western, and northern
Canada.

These studies provide a basis for the precise paleontological correlations necessary
for accurate dating and economic analyses of the rocks that form the sedimentary
basins of Canada.

Elkanah A. Babcock
Assistant Deputy Minister
Geological Survey of Canada

PREFACE

Le présent volume des Contributions a la paléontologie canadienne contient des
articles décrivant une grande diversité de fossiles provenant de localités de ’est, de
I’ouest et du nord du Canada.

Ces études constituent une base a partir de laquelle il est possible d’établir les
corrélations paléontologiques précises nécessaires a la datation et les analyses
économiques précises des roches constituant les bassins sédimentaires du Canada.

Elkanah A. Babcock
Sous-ministre adjoint
Commission géologique du Canada
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MIDDLE ORDOVICIAN (CHAZYAN) STRATIGRAPHY, AND BRYOZOAN AND
CONODONT FAUNAS IN THE HAWKESBURY REGION, EASTERN ONTARIO

T.E. Bolton!, H.M. Steele-Petrovich?, and I. Munro’

Bolton, T.E., Steele-Petrovich, H.M., and Munro, 1., 1991. Middle Ordovician (Chazyan)
stratigraphy, and bryozoan and conodont faunas, in the Hawkesbury Region, eastern Ontario. In
Contributions to Canadian Paleontology, Geological Survey of Canada, Bulletin 412, p. 1-33.

Abstract

Nodular and encrusting bryozoans Batostoma chazyensis, B. lanensis, and Ceramoporella n. sp.,
and the ramose bryozoan Champlainopora chazyensis, in association with the brachiopods Mimella
imperator, M. vulgaris, and Rostricellula raymondi, define three biostromes within a shaly
limestone, shale, and siltstone sequence of the lower Middle Ordovician Laval Formation located in
a quarry near Hawkesbury, southeastern Ontario. This is the most westerly occurrence of these
bryozoans, which are most abundant in the type biohermal Chazyan rocks of the Lake Champlain
region, New York State and Vermont, and recently have been identified farther east in biohermal
facies of similar age within the Mingan Formation of the Mingan Islands Archipelago, Quebec.

A small conodont fauna of 353 specimens is dominated by Phragmodus flexuosus morphotype
A, which places it in Fauna 5 to 6 of Sweet et al., 1971, The presence of Cahabagnathus chazyensis
in the roadcut above the quarry suggests the section is in the lower subzone of the Pygodus
anserinus Zone and enables correlation with parts of the Crown Point and Valcour formations of
the Champlain Valley.

Résumé

Les bryozoaires nodulaires et encroitants Batostoma chazyensis, B. lanensis et Ceramoporelia n.
sp., et le bryozoaire branchu Champlainopora chazyensis, en association avec les brachiopodes
Mimella imperator, M. vulgaris et Rostricellula raymondi, définissent trois biostromes a I’intérieur
d’une séquence composée de calcaire shaleux, de shale et de siltstone, qui appartient & la Formation
de Laval (partie inférieure de I’Ordovicien moyen), située dans une carriére proche de Hawkesbury
dans le sud-est de I’Ontario. Il s’agit de I’occurrence la plus occidentale de ces bryozoaires qui sont
particulierement abondants dans les roches de type biohermal d’age chazyen, de la région du lac
Champlain, de I’Etat de New York et du Vermont, et ont récemment été reconnus plus a I’est dans
les facies biohermaux d’4ge similaire, dans la Formation de Mingan située dans ’archipel de
Mingan, au Québec.

Une petite faune de conodontes, représentée par 353 spécimens, est dominée par le morphotype
A Phragmodus flexuosus, donc on la place dans la faune 5 & 6 telle que définie par Sweet et al.,
1971. La présence de Cahabagnathus chazyensis dans la tranchée routiére au-dessus de la carriére
semble indiquer que la coupe stratigraphique se trouve dans la sous-zone inférieure de la Zone a
Pygodus anserinus, et peut étre mise en corrélation avec des parties des formations de Crown Point
et de Valcour, situées dans la vallée de Champlain.

Original manuscript received: 90.04.24
Approved for publication: 90.07.17

IGeological Survey of Canada, 601 Booth Street, Ottawa, Ontario K1A OE8
21463 Valley Road, Bartlesville, Oklahoma, 74003, U.S.A.
3Rarth Sciences Department, Carleton University, Ottawa, Ontario K1S 5B6



INTRODUCTION

This paper will 1) review the lower Middle Ordovician
stratigraphic terminology applicable in the region, 2)
describe a sequence of limestone, shaly limestone, shale,
and siltstone exposed in a quarry and adjacent roadcut
19.2 km east of Hawkesbury, Ontario, latitude 45°35'N,
longitude 74°35’'W (Fig. 1.1), and 3) describe the
Bryozoa from three biostromes within the quarry section
and the Conodonta from the complete stratigraphic
interval of the quarry and roadcut. A study of such a
sequence located between the Ottawa and Montreal
basins, on the western edge of the Beauharnois Anticline,
should clarify some of the stratigraphic terminology that
has been adopted in the Ottawa-St. Lawrence Lowlands
over the past one hundred years. Paleoecological studies
are being continued and will form the basis of a future
report (H.M.S.-P.).

Our knowledge of the Middle Ordovician geology of
the Ottawa-St. Lawrence region is essentially based on
the many works of Wilson (1921, 1932a, b, 1936, 1937,
1946, 1956) in southeastern Ontario, and Hofmann (1963,
1972), Clark (1972), and Globensky (1987) in the
Montreal area, Quebec. Older contributions include the
investigations of Ells (1902), Raymond (1906, 1910,
1911a, b, 1912, 1913), and Whiteaves (1908). Recently,
modifications to the stratigraphy have been advanced by
Williams and Wolf (1982), Williams and Rae (1983), and
Williams and Telford (1986). Paleoenvironmental-
paleoecological research of the Middie Ordovician rocks
and fossils exposed between Pembroke and Ottawa
(Steele-Petrovich, 1986, 1988) and Ottawa and the
Quebec border (Steele-Petrovich, 1989, 1990) is
continuing.

STRATIGRAPHIC TERMINOLOGY

The term ““Aylmer formation® was introduced in the
Ottawa Valley by Raymond (1905a, p. 380; 1905b, p. 362)
for rocks that occur between Grenville-L’Orignal in the
east and Pembroke in the northwest; these included a
lower sandstone and shale member underlain by the
Beekmantown formation, and an upper limestone
member overlain by the Lowville limestone. Formerly,
this 150- to 200-foot (46-61 m) thick sequence was
assigned to the Chazy (Ells, 1902; Raymond, 1906,
p. 509, 567). Each member bore a distinct fauna
(Raymond, 1906, p. 557-561). The brachiopod
Camarotoechia orientalis Billings, a Mingan Islands
species, was recognized in the lower member.
Camarotoechia plena Hall was recognized throughout the
region and suggested a correlation with the upper 150 to
175 feet (46-53 m) of the type Chazy limestone of the

Lake Champlain Valley, New York-Vermont.
Subsequently, Raymond (1911a, p. 197; 1912, p. 353)
suggested that ““Aylmer>’ be used as a local designation to
include only the 125 to 135 feet (38-41 m) of sandstone
and shale capped by 20 feet (6.1 m) of impure limestone
and rusty weathering dolomite (Wilson, 1936, p. 7)
characterized by Chazy fossils, and present below the
black shale beds containing the ostracode Keno-
dontochilina? clavigera (Jones, 1891) (see Copeland,
1958, p. 236; Berdan, 1984, p. J31, PL. 11, fig. 5). The
remaining fossiliferous limestones, which formed the
upper part of the original Aylmer formation, were
reassigned to the Pamelia/Lowville Black River division.
““Aylmer formation’, however, later was applied in both
the Montreal region (Raymond, 1913, p. 100) and the
Ottawa-Cornwall, Ontario area (Wilson, 1921, 1932a).

Wilson (1937, p. 46; 1946, p. 17) divided the Chazy of
the Ottawa-St. Lawrence Lowland into the lower, shale
and sandstone Rockcliffe formation, disconformably
overlying the Beekmantown Oxford formation, and the
upper, conformable limestone St. Martin formation,
unconformably overlain by the Black River-Trenton
Ottawa limestone. About 20 to 25 feet (6.1-7.6 m) of St.
Martin impure limestone was recognized east-southeast of
Ottawa. Cooper (1956, p. 17) considered the Aylmer
formation to consist of two members, at least partly
facies equivalent to each other, the Rockcliffe green shale
with sandstone lenses, about 160 feet (48.8 m) thick, and
the St. Martin shale, sandstone, and impure limestone, 20
to 150 feet (6.1-46 m) thick. Later, in the Montreal
region, the Chazy Group Laval Formation (Hofmann,
1963, 1972; Clark, 1972, p. 56; Globensky, 1987, p. 6)
was considered to consist of a westward thickening
bioturbated sandstone and shale unit at the base,
underlain by the Beekmantown Group; this unit,
commonly called the Ste. Thérése Member in the
Montreal region, is lithologically similar to the Rockcliffe
Formation of the Ottawa Valley. The overlying
calcarenite and shale with lenses of crossbedded
calcarenite or pure fossiliferous crystalline limestone were
assigned to the Saint Martin ““floating’> member/
lithofacies. Baird (1972, p. 18) stated that the St. Martin
calcarenite member intertongues with the Rockcliffe in
the eastern part of the Ottawa Embayment.

Finally, Williams and Wolf (1982), Williams and Rae
(1983), and Williams and Telford (1986, p. 7) assigned all
of the Chazy rocks of the Ottawa basin to the Rockcliffe
Formation, and loosely subdivided it into lower unnamed
and upper St. Martin members, disconformably overlain
by the Ottawa Group Shadow Lake Formation. Inter-
bedded quartz sandstone and shale are present in both
members, and the upper St. Martin member is
distinguished by thin interbeds of medium to coarsely
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Figure 1.1. Collecting localities, Rockcliffe and Laval formations, Ottawa-Hawkesbury region, eastern Ontario.

crystalline limestone and silty dolostone. This redefined
Rockcliffe Formation was considered equivalent to the
Laval Formation. Copeland et al. (1989) assigned the
clastic sequence exposed in the Rockcliffe airbase in
Ottawa to the Rockcliffe Formation, but referred the
purer carbonates at the top of the section to the Pamelia
Formation rather than the St. Martin Formation.

Thus, the Chazyan rocks of the Ottawa-St. Lawrence
Lowland have been assigned to the Aylmer, Rockcliffe,
St. Martin, and Laval formations, and the Rockcliffe and
Saint-Martin members. Application of the term Aylmer
has been too varied, and reinstatement of the name is not
recommended. Rockcliffe Formation should be applied as
originally published, to the Chazyan shale-sandstone
sequence in the Ottawa region, but extended to include
any limestone unit (lithologically distinct from the
massive limestone beds of Cap St. Martin, Montreal area)
usually at or near the top replete with Rostricellula plena.
This basically encompasses the entire sequence between
the Beekmantown and Ottawa groups as used by Williams
and Telford (1986). Where a St. Martin facies of
crossbedded calcarenite is recognizable, as in the roadcut
above the studied quarry, it is recommended that the term
Laval Formation be adopted.

The middle part of the Laval Formation, which is
characterized by argillaceous limestone, calcareous shale,
and siltstone, extends as far west as the Hawkesbury area
in the Ottawa Valley where it is underlain by sandstone
and shale, which are typical of both the Rockcliffe
Formation and the lower part (Ste. Thérése Member) of
the Laval Formation. The massive, crystalline, commonly

crossbedded calcarenites of the St. Martin lithofacies also
extend west to Hawkesbury. Throughout the rest of the
Ottawa Valley, Chazyan rocks consist mainly of
sandstone and shale of the Rockcliffe Formation, with
thin limestone beds near the top in the eastern part of the
distribution. The occurrence of the Rostricellula plena
Zone (Hofmann, 1963) at the top of both the Laval and
Rockcliffe formations implies their deposition at about
the same time.

STRATIGRAPHY

The Chazyan rocks of this study, argillaceous
limestone, calcareous shale and siltstone, and massive
crystalline calcarenite are typical of the middle part of the
Laval Formation of the Montreal area, including the St.
Martin lithofacies (Hofmann, 1963; Clark, 1972), and are
situated close to the western boundary of the Laval
Formation. Sandstone and shale, typical of both the
lower part of the Laval Formation and all of the
Rockcliffe Formation, are faulted into the southeast
corner of the quarry. The stratigraphic interval (see
Steele-Petrovich, 1989, Fig. 2), detailed herein, is exposed
in the western and northwestern faces of the quarry and
in an adjacent roadcut, and was measured in ascending
order from the base of the quarry to the top of the
roadcut (Table 1.1); there is a slight stratigraphic overlap
between the top of the quarry and the bottom of the
roadcut. Measured units in both faces of the quarry can
be traced across a drainage ditch and have been assigned
the same GSC locality numbers on the two sides.



TABLE 1.1

Stratigraphic section of roadcut and northwest quarry! wall, Laval Formation

Collection
number,
thickness

Lithology

134-2F
491-516"
(12.5-13.1 m)

134-2E
385-491"
(9.8-12.5 m)

134-2D
314-385"
(7.99.8 m)

134-2C
297-314"
(7.5-7.9 m)

134-2B
(=133-4B)
283-297"

(1.2-7.5 m)

134-4A
(=134-2A)
271-283"
(6.9-7.2 m)

133-3C
(=134-1A)
231-271"
(5.9-6.9 m)

133-3B
155-231"
(3.9-5.9 m)

133-3A
136-155"
(3.4-3.9 m)

133-23
128-136"
(3.2-3.4 m)

Top of roadcut

Blue-grey, coarse grained, bioclastic limestone, composed mainly of bryozoan fragments with
fewer brachiopod and echinoderm fragments. Fossils: Rostricellula sp., bryozoan
concentrations — accumulation of ramose Champlainopora sp. encrusted by thin laminate
Batostoma sp., which in turn are encrusted by thick multilaminar Ceramoporella sp. Weathers
tan. GSC loc. 102973.

Lithologically similar to 134-2D. Contains lenses of very coarse grained echinoderm, brachiopod,
and trilobite bioclastics. No crossbedding; some inconspicuous low angle microcrossbedding.
Whole and partial cystoid calyces common on exposed bedding planes and vertical face.
Horizontal stylolites well developed. Top surface has vertical erosion pits with elliptical
cross-section, up to 14” x 8” (35.6 x 20.3 cm). Fossils: Mimella sp., Rostricellula sp., cf.
Canadocystis sp. GSC loc. 102972.

Brown-grey, medium to coarse grained, bioclastic limestone. Composed mainly of echinoderm
fragments. Weathered face brown-grey with prominent fossil fragments. Unit massive with very
prominent crossbedding. Stylolites present. Abundant fossils: Mimella imperator, M. sp.,
Rostricellula raymondi, bryozoan nodules, unident. echinoderm plates. GSC loc. 102971.

Blue-grey, coarse grained, bioclastic limestone. Composed mainly of echinoderm plates,
brachiopod and bryozoan fragments, and bryozoan nodules. Weathered face brown with
prominent fossil fragments. Continuous and discontinuous shale partings present, causing unit to
weather into irregular chunky plates and break locally into four beds of subequal thicknesses.
Erosional lower boundary, gradational upper boundary. Fossils common: Mimella imperator,
Rostricellula raymondi, bryozoan nodules. GSC loc. 102970.

Top of quarry

Brownish grey, coarse grained, bioclastic limestone with some pink fossil fragments. Composed
primarily of echinoderm fragments, fewer bryozoan and brachiopod fragments. Highly
recrystallized. Weathered face brown with fossil fragments prominent. Subhorizontal
microbedding prominent, abuts against lower boundary at slight angle. Microcrossbedding minor.
Boundaries sharp. GSC loc. 102969.

Greenish grey, silty, shaly limestone with thin, irregular shale horizons. Weathers brown and
crumbly. Abundant fossils: Mimella imperator, subspherical bryozoans (1” [2.5 cm] diam.),
Rostricellula raymondi, undet. gastropods. GSC locs. 102967, 102968.

Greenish grey quartz siltstone; very thin, horizontal, discontinuous, dark reddish to greenish shale
horizons common to absent. Rock parts along shale horizons. Horizontal burrows and syneresis
marks common in shale. Faint evidence of microcrossbedding and climbing ripples. Vertical
burrows (1-3 mm diam.) locally common. Weathered surface tan. Beds 6-8” (15-20 cm) thick.

Base of roadcut

Greenish siltstone with very thin, discontinuous, shale horizons, forming flaser bedding; faint
evidence of climbing ripples. Crosslaminated siltstone lenses up to 2” (5 cm) thick occur
throughout. Weathers brownish with green tint.

Single dense bed of grey quartz siltstone. Weathers grey. No fossils. Concretions up to 6” (15 cm)
across at base. Contacts generally sharp, but may grade somewhat into unit above. GSC loc.
102966.

Greenish, shaly, silty limestone with large patches of green shale. Weathers brownish with some
rust. Single bed. Contains numerous Rostricellula sp. and Mimella sp. Contacts sharp. GSC loc.
102965.




TABLE 1.1

(continued)
Collection ]
number, Lithology
thickness
133-21 Biostrome 3. Greenish grey, fine grained, silty, shaly bioclastic limestone with thin,
114-128" discontinuous, green, shaly horizons throughout. Weathers brownish. One bed. Abundant
(2.9-3.2 m)  subspherical bryozoan colonies, shells common. Fossils: Mimella imperator, Rostriceliula sp.,
Batostoma lanensis, B. chazyensis, Champlainopora sp., Ceramoporella n. sp. Contacts sharp.
GSC loc. 102964.
133-2H Greenish grey, fine to medium grained, silty, shaly, bioclastic limestone with thin, discontinuous
98-114" horizons of green shale throughout. Weathers brownish. One bed. Packed full of shells;
(2.5-2.9 m)  subspherical bryozoan colonies rare except on top bedding plane. Fossils: Mimella imperator,
Rostricellula raymondi, Batostoma chazyensis, Ceramoporella n. sp. Contacts sharp. GSC loc.
102963.
133-2G Biostrome 2. Dark green, fine to medium grained, silty, shaly, bioclastic limestone with thin
76-98" lenses and horizons of dark green shale throughout. Two subequal beds separated by thin, green,
(1.9-2.5 m)  shale horizon. Weathers lighter green to brownish. Abundant shells and subspherical, ellipsoidal,
and disc-shaped bryozoan colonies, 2-10” (5-25 cm) across. Fossils: Mimella imperator,
Rostricellula raymondi, Batostoma chazyensis, B. lanensis, Ceramoporella n. sp., Bolboporites
americanus. Contacts sharp. GSC loc. 102962.
133-2F Greenish grey, silty shale.
73-76"
(1.8-1.9 m)
133-2E Fine grained, greenish grey, shaly, crystalline, bioclastic limestone with thin horizons of green
67-73" shale. Shells abundant throughout. Fossils: Mimella imperator, Rostricellula raymondi. GSC loc.
(1.7-1.8 m)  102961.
133-2D Greenish grey, silty shale. No fossils.
65-67"
(1.6-1.7 m)
133-2C Fine grained, greenish grey, shaly, crystalline, bioclastic limestone with thin horizons of green
59-65" shale (up to 1 cm thick) throughout. Shells abundant throughout; horizontal fragments of
(1.5-1.6 m) branching bryozoans jammed together locally at base where shale content is high. Fossils:
Mimella imperator, Rostricellula raymondi, Champlainopora sp. GSC loc. 102960.
133-2B Greenish grey, silty shale. No fossils. Lower contact sharp; upper contact sharp or gradational.
53-59”
(1.3-1.5 m)
133-2A Biostrome 1. One bed. Fine to coarse grained, dark green, shaly, bioclastic limestone interfingered
46-53" and interbedded with dark green shale. Weathers lighter green. Packed with horizontal fragments
(1.2-1.3 m)  of branching bryozoans and more widely spaced subspherical bryozoans (2-5 mm across). Fossils:
Mimella imperator, Rostricellula sp., Champlainopora chazyensis, Batostoma chazyensis,
Ceramoporella n. sp. Contacts sharp. GSC loc. 102959.
133-1B Interbeds, interlaminae, and lenses of somewhat burrowed, green, fissile shale and quartz
28-46" siltstone. Weathers lighter green. Mimella imperator, nodular and branching bryozoans. Contacts
(0.7-1.2 m) sharp. GSC loc. 102958.
133-1A Greenish grey, medium to coarse grained, very dense, bioclastic limestone. Beds massive with
0-28" occasional partings of relatively continuous, very thin horizons of dark green shale. Greenish
(0-0.7 m) shale inclusions widely scattered throughout. Fossils: Rostricellula sp.; fragments of bryozoans,
trilobites, green algae. Lower contact buried, upper contact sharp. GSC loc. 102957.
Base of quarry, northwest wall
L

ISintra Inc.-Ross Quarry (Derry Michener Booth and Wahl and Ontario Geological Survey, 1989, p. 32, 33).




PALEONTOLOGY

Fauna typical of the Lake Champlain Valley Chazyan
have been traced as far northwest as Hawkesbury,
Ontario, where Bolboporites americanus Billings, several
echinoderm taxa, and the brachiopods Mimella borealis
(Billings) and M. imperator (Billings) were identified
(Raymond, 1906, p. 556, 567). A distinct change in faunal
content was noted by Raymond (1905a, p. 362, 363) in
the L’Orignal section, some 16 miles (25.7 km) west of
Hawkesbury, where species appeared that were unknown
in the eastern Chazyan exposures.

In the Ottawa Valley, the Chazyan beds have been
characterized by the Rostricellula plena (Hall) fauna
(Raymond, 1906, p. 568, 1911a, p. 194; Cooper, 1956,
p. 17; Wilson, 1932a, p. 384). This fauna is dominated by
the brachiopods R. plena (Hall), R. raymondi Cooper, R.
wilsonae Cooper, Mimella imperator (Billings), M.
latistriata (Wilson), and Ectenoglossa? lIyelli (Billings).
The rare pelecypod, gastropod, or trilobite also has been
collected from slightly calcareous beds within the
Rockcliffe Formation. The wide variety of ichnofossils
present within the Chazyan terrigenous units of eastern
Ontario has been documented by Hofmann (1979).
Recently, a small ostracode-conodont fauna derived from
a thin phosphatic dolostone bed located in the upper part
of the Rockcliffe Formation east of Canadian Forces
Base Ottawa (North) has been described by Copeland
et al. (1989).

Bryozoa

Both encrusting and branching bryozoans are present
within the Chazy beds throughout the St. Lawrence
Lowlands, and are particularly abundant in the
coral-bryozoan bioherms (Pitcher, 1964) of Quebec and
the Lake Champlain Valley. Previous studies of the
Chazyan Rockcliffe Formation, however, have rarely
reported Bryozoa; Bryozoa become abundant in the
Ottawa region only in the overlying Middle Ordovician
Ottawa limestone (Fritz, 1957). Within the Ottawa
Embayment, Ami (1902, p. 73G) listed Monticuliporidae,
sp. indet., from Deschénes Mills, north side of the
Ottawa River. Raymond (1906, p. 557) recognized
Stictopora sp., Ptilodictya sp. and monticuliporoids from
Hawkesbury, and Monticulipora sp. from Deschénes
(ibid., p. 559). Wilson (1932a) reported many
undetermined species within the Chazy (Aylmer) of
Barnhart Island, New York, and Milles Roches, Ontario,
belonging to a number of families (Wilson, 1937, p. 50),
and Hofmann (1979, p. 56) recorded Ropalonaria sp.
from Hawkesbury.

- The bryozoan fauna of the Quebec Chazyan, located in
both the St. Martin calcarenite and shaly dolostone or
dolomitic shale, has been discussed or listed by Hofmann
(1963, p. 278, 282), Pitcher (1964), Toomey and Finks
(1969), Clark (1972, p. 68), and Globensky (1987, p. 9).
Ross (1964, Table 1; 1981) and Pitcher (1964) recognized
the following fossils within the “‘reefs® of the Laval
(Crown Point-Valcour) Formation in the Montreal
region: trepostomes Batostoma chazyensis Ross (a Crown
Point-Valcour species, Ross, 1984, Fig. 2), B. campensis
Ross (a Day Point-Valcour species), Champlainopora
chazyensis (Ross), Jordanopora heroensis Ross, the
cryptostome Chazydictya chazyensis Ross, and the
cystoporate Ceramoporella? sp. (Cheiloporella sp.). The
abundant Batostoma and Chazydictya, with their
sheet-like encrustations overgrowing tabulate corals,
strengthened and welded together the mounds or ““reef””
structures.

Ramose and/or nodular and encrusting bryozoans
dominate the three biostromes located in the
siliciclastic-carbonate sequence of the Hawkesbury
quarry. Some specimens are in growth position, others
are disoriented. The lowest biostrome (No. 1) is
dominated by horizontally oriented fragments of the
ramose trepostome bryozoan Champlainopora chazyensis
(Ross) and relatively small subspherical bryozoan
nodules, generally less than 6 cm across, of the encrusting
bryozoan species Ceramoporella n. sp. and Batostoma
chazyensis Ross. Ramose bryozoans are rare from the
upper two biostromes (Nos. 2, 3); these biostromes are
packed with relatively large ellipsoidal to hemispherical
bryozoan colonies, commonly somewhat flattened
horizontally and up to 25 cm across, which are composed
of the same encrusting species as in the lower biostrome.
In each biostrome, the bryozoan nodules consist of a
single species or intergrowing layers of up to three
species. Encrusting bryozoan growth here generally begins
on brachiopod shells (hypotypes GSC 91925, 91931) or
fragments (hypotypes GSC 91931, 91934), although in the
lower biostrome it may begin on a ramose trepostome
fragment. Laminated, subspherical, free-lying bryozoan
nodules develop today when colonies that have grown too
large for their unattached bases topple over, or, like
mobile or circumrotatory corals, are overturned in
shallow water by currents and waves (Rider and Enrico,
1979, p. 313, 317; Dade and Cuffey, 1984; McKinney and
Jackson, 1989, p. 190-192).

Brachiopoda

Brachiopods, commonly articulated, found in these
bryozoan biostromes include Mimella imperator (Billings)



(PIL. 1.1, figs. 4, 6), M. vulgaris (Raymond) (Pl. 1.1,
figs. 5, 7, 8), and Rostricellula raymondi Cooper
(common in the middle [No. 2] biostrome—PIl. 1.2,
figs. 4-9; Pl. 1.3, fig. 9; Pl. 1.6, fig. 5). Mimella
imperator and R. plena have been reported previously in
the Ottawa-Hawkesbury region, whereas M. borealis, M.
vulgaris, and R. raymondi [formerly included in R.
orientalis (Billings), a small form common to the Mingan
Formation, Mingan Islands, Quebec — Pl. 1.3, figs. 4,
5-8] have been reported from the **St. Martin Formation®
of the Montreal region.

Echinodermata

A small cystoid plate and Bolboporites americanus
Billings (Pl. 1.6, fig. 8) were collected from the middle
(No. 2) biostrome. Bolboporites americanus is an
excellent index Chazyan fossil (Clark and Hofmann,
1961) present within the Day Point-Crown Point
formations of the Lake Champlain region, the Laval
Formation of the St. Lawrence Lowlands, and the
Mingan Formation of the Mingan Islands, Quebec
(PL. 1.6, fig. 9).

Conodonta

Fourteen samples, each approximately 1.5 kg, were
collected and processed for conodonts from the northwest
face of the quarry and the immediately overlying roadcut.
Sampling coincided with the stratigraphic units in
Table 1.1, and details are given in Table 1.2. The
conodont CAI value for this fauna corresponds to 3.0 of
Legall et al. (1981).

The Hawkesbury fauna is dominated by Phragmodus
flexuosus morphotype A, as defined by Bauer (1987,
p. 24-26). Bauer (1987, p. 25) suggested that P. flexuosus
morphotype B (stratigraphically below morphotype A) is
representative of an interval containing the Eoplaco-
gnathus foliaceus-E. reclinatus transition. Accordingly,
the lowest limit of P. flexuosus morphotype A (and the
Hawkesbury section) is in the E. reclinatus Subzone of
the Pygodus serrus Zone. A few specimens of
Cahabagnathus chazyensis Bergstrom, in conjunction
with P. flexuosus morphotype A, were recovered from
the roadcut (St. Martin facies). Cahabagnathus
chazyensis has only been reported from the lower subzone
of the Pygodus anserinus Zone (Bergstrom, 1983, p. 54)
and is characteristic of that subzone (Harris et al., 1979).
The Hawkesbury section therefore is entirely in the lower
subzone of the Pygodus anserinus Zone, or possibly may
contain the Pygodus serrus-P. anserinus zonal boundary
in the quarry.

Raring (1972) identified Phragmodus tortus (=P.
Sflexuosus) as the dominant apparatus in the Champlain
Valley Chazyan fauna. He also found Polyplacognathus
sweeti, intermediate between P. friendsvillensis and P.
sweeti (= Cahabagnathus chazyensis), ranging from the
upper part of the Crown Point Formation through to the
middle of the Valcour Formation (Raring, 1972, p. 117).
On the presence of Cahabagnathus friendsvillensis (upper
range = top of the Pygodus serrus Zone [Bergstrom,
1983, p. 42]) in the lower portion of the Crown Point
Formation, Harris et al. (1979, p. 28, 29) placed the
Pygodus serrus-P. anserinus zonal boundary near the
middle of the Crown Point Formation.

The Hawkesbury section, accordingly, correlates with
the Middle or Upper Crown Point and Middle Valcour
formations and, based on the occurrence of Phragmodus
flexuosus, belongs in faunal associations 5 to 6 of Sweet
et al. (1971).

SYSTEMATIC PALEONTOLOGY
Phylum BRYOZOA
Order TREPOSTOMATA Ulrich, 1882
Genus Batostoma Ulrich, 1882

Type species. Monticulipora (Heterotrypa) implicatum
Nicholson, 1881 (by monotypy).

Batostoma chazyensis Ross, 1963

Plate 1.1, figures 1-3, 9, 10; Plate 1.2, figures 1-3,
10, 11; Plate 1.3, figures 1, 2, 11; Plate 1.4, figure 1

Batostoma chazyensis Ross, 1963, p. 859, Pl. 106,
figs. 1-5, 7.

Batostoma campensis Ross, 1963, p. 863, Pl. 106, figs. 6,
8; Pl. 107, figs. 8, 10; Pl. 108, fig. 9; PIl. 109,
figs. 1-10; P1. 110, figs. 1-10.

Types and occurrence. Hypotypes GSC 91919-91923, west
end, lower (No. 1) biostrome, GSC loc. 102959; GSC
91924, 91925, north face, middle (No. 2) biostrome, GSC
loc. 102962; GSC 91926, west end, lower (No. 1)
biostrome, GSC loc. 103042; GSC 91927-91929, west end,
middle (No. 2) biostrome, GSC loc. 103041; GSC 91931,
shale bed at base of south-central exposure, GSC loc.
103044; GSC 91932, 91933, loose south-central exposure,
GSC loc. 103040; GSC 91943-91945, west end, 1.25 m
thick bryozoan band 0.63 m below top of lower (No. 1)



TABLE 1.2

Distribution of conodonts from the quarry and roadcut at Hawkesbury

GSC loc. 1029- 57 58 59 60 61 62 63 64 68 69 70 71 T2 73 Total
Belodina monitorensis Ethington and
Schumacher

compressiform element 1

eobellodiniform? element 1 2

Indet. grandiform? element

Cahabagnathus chazyensis Bergstrom
polyplacognathiform element

Indet. dichognathiform element

Drepanoistodus suberectus (Branson and

Mehl)
suberectiform element
homocurvatiform element 2 1
oistodiform element

27

Multioistodus compressus Harris and Harris
cordylodiform element 1

Panderodus sp. cf. P. gracilis (Branson and
Mehl)
graciliform element 1
compressiform element

—

14

Phragmodus flexuosus Moskalenko
symmetrical phragmodiform element
assymetrical phragmodiform element 3
dichognathiform element 4
subcordylodiform element
cyrtoniodiform element 10
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Staufferella? sp.
symmetrical element 1 1
asymmetrical element

Triangulodus alatus Dzik
symmetrical element
asymmetrical element

Indet. trichonodelliform element 1

Genus indeterminate 1

?New genus

= | =

1 4

Total number of specimens 38 36 5

14

]

48 16 9 12 21 4 8 9 45 8 353

biostrome, GSC loc. 104404; GSC 91948a, west end,
shale unit 3.4 m above top of middle (No. 2) biostrome,
GSC loc. 104412.

Description. Colonies multilaminate, nodular to
hemispherical to rarely ramose in shape. In tangential
section, zooecia are round to oval normally, to slightly
angulate when in contact, polygonal in deep tangential
sections, and petaloid when indented by acanthopores,

sometimes separated by angular mesozooecia of various
sizes that rarely completely surround a zooecium, walls
thin; zooecia range from 0.20 to 0.44 mm in diameter,
0.24 to 0.34 mm dominating, 3 to 9 in 2 mm length, 6 to 7
usually, 3 to 20 whole zooecia in 1 mm square, 6 to 8
usually; round acanthopores are clear or with tiny dark
centres, 0.02 to 0.06 mm in diameter, numbers very
variable, 3 to 4 normally surrounding a zooecium, rarely
5 or 6, and ranging from 0 to 20 or more in 1 mm square.



In longitudinal section, zooecia walls are uniformally
thin except where thickened by clear acanthopore rods or
styles, of varying length, which occur at all levels of the
zoarium; zooecia with flat to inclined to concave to
convex diaphragms throughout, 1 to 5 in 1 mm length;
mesozooecia long, in single to triple rows, walls indented
by closely spaced horizontal diaphragms evenly spaced 8
to 10, rarely 5 or 13, in 1 mm length.

Dimensions (mm).

GSC

G&C GSC

91943 91945 91948a
Diameter of zooecial 0.24-0.28  0.24-0.28  0.24-0.34
opening
No. of zooecia in 2 5-7 6-7 7-10
mm laterally
No. whole zooecia in 1-2 1-3 3
1 mm square
No. of diaphragms in 6-9 - 8-10
2 mm length in
zooecium
No. of diaphragms in 12-17 - 16-20
2 mm length in meso-
zooecium
Acanthopore diameter  0.02-0.06, 0.04 ~

usually

0.04

Discussion. The considerable intergrading and similarity
within and between individual colonies of Batostoma
chazyensis Ross (1963b, p. 859) and B. campensis Ross
(1963b, p. 863) are interpreted as variations within one
species, and accordingly the two species are considered
synonymous, with the former name having page priority
(Bolton and Cuffey, in press). Separation of laminate
colonies of B. chazyensis Ross and B. lanensis Ross also
is difficult as there is again so much variation within each
species. Inclined zooecial diaphragms and abundant
mesozooecia with indented walls appear to be possible
distinguishing characteristics of B. chazyensis; its zooecia
appear to be consistently smaller, ranging from 0.11 to
0.31 mm in diameter (Ross, 1963b, Table 4) compared to
0.2 to 0.38 for B. lanensis (Ross, 1963b, Table 2), and its
acanthopores ranging in diameter from 0.02 to 0.05 mm
compared to 0.01 to 0.07 mm in B. lanensis, but there is
considcrable overlap in these characteristics. As most
acanthopores range in diameter from 0.02 to 0.04 mm,
and the zooecia range from 0.24 to 0.34 mm, the majority
of the Hawkesbury specimens seem best allied to
B. chazyensis.

Batostoma lanensis Ross, 1963
Plate 1.4, figures 1-6

Batostoma lanensis Ross, 1963, p. 861, Pl. 107, fig. 11;
Pl. 108, figs. 1-4, 6-8.

Types and occurrence. Hypotypes GSC 91934, north face,
upper (No. 3) biostrome, GSC loc. 102964; GSC 91935,
91936, loose shale blocks south-central wall, GSC
loc. 103040; GSC 91937 (intergrowths with
Ceramoporella n. sp., GSC 91937a), north face, middle
(No. 2) biostrome, GSC loc. 102962.

Description. Colonies multilaminate, hemispherical in
shape. In tangential section, zooecia normally are round
to oval and in contact, to polygonal and completely
surrounded by mesozooecia in deep tangential sections,
thin walled, diameters ranging from 0.22 to 0.40 mm with
rare 0.50 mm, 5 to 6 in 2 mm length, 5 to 8 whole zooecia
in 1 mm square; acanthopores are clear, round,
commonly 0.03 to 0.05 mm in diameter with zones of
larger forms 0.06 to 0.08 mm in diameter, 18 to 20 in
1 mm square.

In longitudinal section, zooecia walls are normally
thin, much thickened at all levels within the zoaria by
abundant short and long acanthopores; zooecia with
diaphragms horizontal to inclined near the periphery in
particular, variably spaced 1 to 4 in 1 mm length;
mesozooecia are abundant with horizontal diaphragms
that, like the zooecial diaphragms, can extend upward at
the edges to form the acanthopore walls, 6 to 10 in 1 mm
length.

Discussion. The consistently large acanthopores,
abundant small mesozooecia and large zooecia suggest
these zoaria are closer to B. lanensis than to B. chazyensis
Ross.

Genus Champlainopora Ross, 1970

Type species. Atactotoechus chazyensis Ross, 1963.

Champlainopora chazyensis (Ross, 1963)

Plate 1.3, figure 2; Plate 1.5, figures 1-7;
Plate 1.6, figures 1-4, 8, 9

Atactotoechus chazyensis Ross, 1963, p. 734, Pl. 107,
figs. 6-10; P1. 108, figs. 1-11.



Types and occurrence. Hypotypes GSC 91938-91940,
west end, lower (No. 1) biostrome, GSC loc. 102959;
GSC 91930, 91941, 91942, west end, lower (No. 1)
biostrome, GSC loc. 103042; GSC 91945a-91947, west
end, 1.25 m thick bryozoan band 0.63 below top of lower
(No. 1) biostrome, GSC loc. 104404.

Description. Colonies ramose, up to 9.0 mm in diameter,
encrusted. In tangential section, zooecia oval openings
range from 0.12 to 0,22 mm in diameter, 8 to 9.5 in 2 mm
length, 3 to 5 in 1 mm square; integrate walls 0.04 to
0.14 mm thick with a few round clear pores 0.02 to 0.04
mm in diameter usually located at corners; in deep
tangential and transverse sections, polygonal zooecia in
contact, 0.14 to 0.26 mm in diameter, with rare, small,
angular mesozooecia in between zooecia.

In longitudinal section, zooecia are slightly oblique at
surface, walls are thick in exozone that is up to 1.4 mm in
length; zooecia with flat diaphragms throughout, 1 to 3 in
1 mm length in axial region, 6 to 8 in 1 mm length in
peripheral region; mesozooecia are slender and composed
of up to 14 diaphragms in 1 mm length.

Dimensions (mm).

GSC 91946 GSC 91947
Diameter of zooecial 0.16-0.20, 0.16-0.20
opening ) rarely 0.28
No. of zooecia in 2 mm 8-9 -
laterally
No. whole zooecia in 1 mm 4-5 34
square
No. of diaphragms in 1 mm 4 to 6 in S in exozone
length in zooecium exozone, 3 in

endozone
No. of diaphragms in 1 mm 9-11 14
length in mesozooecium
Acanthopore diameter 0.02-0.04 0.04-0.06

Discussion. An abundance of diaphragms throughout the
zooecia distinguishes C. chazyensis from C. kayi Ross.
The Hawkesbury zoaria are larger, the number of pores
are less and the zooecial openings are less inclined at the
surface than in type material of C. chazyensis.

Order CYSTOPORATA Astrova, 1964

Genus Ceramoporella Ulrich, 1882

Type species. Ceramoporella distincta Ulrich, 1890.

10

Ceramoporella n. sp.
Plate 1.3, figures 3, 4; Plate 1.4, figure |
Cheiloporella Ross, 1981, fig. 1-9A, B,

Types and occurrence. Hypotypes GSC 91922a, west end,
lower (No. 1) biostrome, GSC loc. 102959; GSC 91924a,
91937a, north face, middle (No. 2) biostrome, GSC loc.
102962; GSC 91927a, 91928a, west end, middle (No. 2)
biostrome, GSC loc. 103041; GSC 91931a, shale bed
loose at base of south-central exposure, GSC loc. 103044;
GSC 91933a, loose shale blocks, south-central wall, GSC
loc. 103040; GSC 91934, north face, upper (No. 3)
biostrome, GSC loc. 102964; GSC 91948, west end, shale
unit 3.4 m above top of middle (No. 2) biostrome, GSC
loc. 104412.

Description. Zoaria are preserved as multilaminate
encrustations within nodular colonies of Batostoma.
Zooecia are short tubes up to 0.80 mm long and between
0.16 and 0.20 mm but up to 0.45 mm in diameter; no
trace of diaphragms.

Discussion. Similar zoaria are present in the more
diversified Chazyan bryozoan bioherm assemblages in the
Mingan Formation of the Mingan Islands, Quebec, which
will be formally named by Bolton and Cuffey (in press).
In the Vermont-New York State-Montreal, Quebec areas
of the Chazy Group, Ceramoporella n. sp. occurs within
bioherms as encrustations of laminate sheets of
Batostoma chazyensis, individual sheets that acted as
sediment traps, and hemispherical colonies forming
mounds (Ross, 1981, p. 10, 29).

Phylum CONODONTA
Genus Belodinag Ethington, 1959
Type species. Belodus compressus Branson and Mehl,
1933,
Belodina monitorensis Ethington and

Schumacher, 1969

Plate 1.7, figure 21
Multielement Taxonomy
Belodina monitorensis marginata Ethington and

Schumacher, 1969, p. 455, 456, Pl. 67, figs. 1, 2, 4, 6;
Textfig. SE.



Belodina monitorensis Bergstrém, 1978, p. 736, Pl. 79,
figs. 18, 19; Bauer, 1987, p. 12, 13, PI. 1, figs. 10, 13,
14.

Type and occurrence. Hypotype GSC 98949, compress-
iform element, GSC loc. 102968; eobellodiniform?
element, GSC loc. 102957.

Remarks. Of the trimembrate apparatus, only the
compressiform element is represented, and that by a
single specimen. An unfigured fragment probably is the
remnant of the eobellodiniform. The single compress-
iform specimen contains four confluent demnticles as
illustrated in Bauer (1987, Pl. 1, fig. 14), unlike Ethington
and Schumacher’s (1969) description of generally (but not
neccessarily) five denticles. The specimen is broad, with a
well defined high heel and a low rounded costa along the
lower portion of the cusp on the furrowed side. Both the
figured specimen and the questionable fragment have
faint longitudinal striations in the basal region.

Indet. grandiform? element
Plate 1.7, figure 22

Type and occurrence. Figured specimen GSC 98950,
grandiform element, GSC loc. 102971.

Remarks. A single rastrate belodiniform (grandiform)
element. The presence of a low rounded costa similar to
the compressiform of B. monitorensis on the
longitudinally furrowed side, as well as fine longitudinal
stria near the base may link this element to that
apparatus. The remnant, single, extraordinarily broad
denticle and what appears to be the remnant of a low
heel, do not, however, coincide with B. monitorensis.

Genus Cahabagnathus Bergstrém, 1983
Type species. Polyplacognathus sweeti Bergstrdm, 1971,
Cahabagnathus chazyensis Bergstrom, 1983
Plate 1.7, figure 9
Multielement Taxonomy
Cahabagnathus chazyensis Bergstrom, 1983, p. 54, figs. 6
M-P (includes synonymy to 1983); Bauer, 1987, p. 14,
Pl 4, fig. 15.

Type and occurrence. Hypotype GSC 98951, poly-
placognathiform element, GSC loc. 102972,

Remarks. A polyplacognathiform (stelliplanate) and an
ambalodiform (pastiniplanate) element form this
bimembrate apparatus. Of these, only the polyplaco-
gnathiform element is represented.

Bergstrom (1983) discussed the subtle differences
between the stelliplanate elements of C. chazyensis and C.
Sfriendvillensis, indicating that the posterolateral process is
relatively broad and crudely square as opposed to broadly
rounded in the respective species. The Hawkesbury
specimens have an angular posterolateral process and
compare well with Bergstrom (1983, Figs. 6 O, P).

Genus Dichognathus Branson and
Mehl, 1933

Type species. Dichognathus prima Branson and Mehl,
1933.

Indet. dichognathiform element
Plate 1.7, figures 10, 11

Types and occurrence. Figured specimens GSC 98952,
98953, dichognathiform elements, GSC loc. 102972.

Description. Two specimens of dichognathiform elements
with broadly arched, slightly rotated (cf. oulodiform
elements) processes. The anterior, adenticulate process is
at an angle of less than 30 degrees to the denticulate
lateral process. Main cusp is short and broadly arcuate.
Denticles are discrete and peg-like. Basal cavity is broad,
extends along entire base, and is posterolaterally flared
beneath the cusp. Basal cavity is somewhat expanded
beneath the posterior process.

Remarks. This dichognathiform element probably
belongs to a Plectodina apparatus,

Genus Drepanoistodus Lindstrom, 1971
Type species. Oistodus forceps Lindstrom, 1955.

Drepanoistodus suberectus
(Branson and Mehl, 1933)
Unfigured

Oistodus inclinatus Branson and Mehl, 1933, p. 110,
P1. 9, fig. 8; Ethington and Schumacher, 1969, p. 467,
Pl. 68, fig. 7.

Oistodus suberectus Branson and Mehl, 1933, p. 111,
Pl. 9, fig. 7.
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Drepanodus homocurvatus Lindstrom, 1954, p. 563,
Pl. 2, figs. 23, 24, 39; Textfig. 4d; Ethington and
Schumacher, 1969, p. 461.

Multielement Taxonomy

Drepanodus suberectus (Branson and Mehl). Bergstrom
and Sweet, 1966, p. 330-333, Pl. 35, figs. 22-27
(includes synonymy to 1966).

Drepanoistodus suberectus (Branson and Mehl). Dzik,
1983, Figs. 4-10, 1-11; Bauer, 1987, p. 16, 17, PL. 1,
figs. 15-17, 22 (includes synonymy to 1987).

Types and occurrence. Unfigured hypotypes GSC 98954,
suberectiform elements, GSC loc. 102973; GSC 98955,
homocurvatiform element, GSC loc. 102972; GSC 98956,
oistodiform element, GSC loc. 102971.

Remarks. The apparatus consists of two drepanodiform
(homocurvatiform and suberectiform) elements and one
oistodiform element. There is considerable variation
(gradational) in the shape and expansion of the base of
the homocurvatiform elements at Hawkesbury. Such
variation was also suggested by Carnes (1975, p. 129-132;
as reported in Bauer, 1987, p. 16, 17), who divided
homocurvatiform elements into three distinct,
intergradational forms based on the character of the base.

Genus Multioistodus Cullison, 1938
Type species. Multioistodus subdentatus Cullison, 1938.
Multioistodus compressus
Harris and Harris, 1965
Plate 1.7, figure 8

Multielement Taxonomy

Neomultioistodus compressus Harris and Harris, 1965,
p. 43, 44, Pl. 1, figs. 7a-c.

Multioistodus compressus Harris and Harris. Ethington
and Clark, 1982, p. 58, 59, PL. 6, fig. 8 (includes
synonymy to 1982).

Type and occurrence. Hypotype GSC 98957, cordy-
lodiform element, GSC loc. 102957.

Remarks. Ethington and Clark (1982) thoroughly
discussed this five-member apparatus, of which a single
hyaline cordylodiform element occurs in the Hawkesbury
samples. The specimen differs from their description in
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that the anterior aboral knob does not project anteriorly,
but rather is erect.

Genus Panderodus Ethington, 1959

Type species. Paltodus unicostatus Branson and Mehl,
1933.

Panderodus sp. cf. P. gracilis
(Branson and Mehl, 1933)

Plate 1.7, figures 19, 20

Paltodus compressus Branson and Mehl, 1933, p. 109,
Pl. 8, fig. 19.

Paltodus gracilis Branson and Mehl, 1933, p. 108, PI. 8,
figs. 20, 21.

Multielement Taxonomy

Panderodus gracilis (Branson and Mehl). Bergstrom and
Sweet, 1966, p. 355-359, Pl. 35, figs. 1-6 (includes
synonymy to 1966).

Types and occurrence. Hypotypes GSC 98958,
graciliform element, GSC loc. 102957; GSC 98959,
compressiform element, GSC loc. 102972,

Remarks. The few specimens of Panderodus in the
Hawkesbury samples show some variations but are
similar to the bimembrate P. gracilis apparatus,
containing graciliform and compressiform elements.

Genus Phragmodus Branson
and Mehl, 1933

Type species. Phragmodus primus Branson and Mehl,
1933,

Phragmodus flexuosus Moskalenko, 1973
Plate 1.7, figures 1-5
Multielement Taxonomy
Phragmodus flexuosus Moskalenko, 1973, p. 73, 74,
Pl. XI, figs. 4-6; Harris, Bergstrom, Ethington and
Ross, 1979, Pl. 2, figs. 1-4; Bauer, 1987, p. 24, 25,
Pl. 3, figs. 10, 14, 15, 18, 20, 24; Textfig. 8A.

1Phragmodus flexuosus Moskalenko. Ethington and
Clark, 1982, p. 79-82, Pl. 9, figs. 2, 3, 5-7, non fig. 4.



Phragmodus sp. A, Sweet, Ethington and Barnes, 1971,
p. 173, 174, Pl. 2, figs. 3-6.

Types and occurrence. Hypotypes GSC 98960, sym-
metrical phragmodiform element, GSC loc. 102961;
GSC 98963, asymmetrical phragmodiform element, GSC
loc. 102971; GSC 98961, cyrtoniodiform element, GSC
loc. 102972; GSC 98964, subcordylodiform element, GSC
loc. 102958; GSC 98962, dichognathiform element (Pb),
GSC loc. 102957,

Remarks. The Phragmodus flexuosus apparatus was
extensively described and discussed by Ethington and
Clark (1982) as well as by Bauer (1987). In her original
description of the apparatus, Moskalenko (1973) included
both an oistodiform (geniculate) and a cyrtoniodiform
(dolabrate) element. In the Hawkesbury samples, only the
cyrtoniodiform element is present. Harris et al. (1979,
p. 23) found the apparatus containing a cyrtoniodiform
element to be stratigraphically the younger. Ethington
and Clark (1982, p. 81) suggested that the P. flexuosus
apparatus containing an oistodiform element occurs in
association with conodonts of the Foplacognathus
suecicus Subzone, the apparatus containing a
cyrtoniodiform element occurs with conodonts of the E.
foliaceus Subzone, and that future subdivision of this
species is dependant on further work in the type area in
Siberia. They (1982, p. 80) also divided the phrag-
modiform elements into three groups: those having a
keeled anterior margin and commonly asymmetrical
lateral costac as well as a posterior keel and process; those
lacking one of the lateral costae; and completely
symmetrical phragmodiform elements with rounded
anterior margins and equally developed costae on either
side. The Hawkesbury samples contain all three types of
phragmodiform elements, however, the first two are
transitional, and are not separated here.

Bauer (1987, p. 24-26) further subdivided the cyr-
toniodiform eclement-containing apparatus based on the
presence of either a single or two dichognathiform
elements. The two dichognathiforms differ in the angle
between the anterior adenticulate keel and lateral process,
the Pa element enclosing a 10 to 20 degree angle and the
Pb element, a 70 to 80 degree angle. He termed the
apparatus containing two dichognathiform elements P.
flexuosus morphotype A, whereas morphotype B
contained one dichognathiform element. Bauer also noted
that morphotype B preceded morphotype A in the
section. Although the Hawkesbury samples contain P.
flexuosus morphotype A, the Pa and Pb elements are
transitional and are not subdivided. Plate 1.7, figure 3
shows the Pb element.

Genus Staufferella Sweet,
Thompson and Satterfield, 1975

Type species. Distacodus falcatus Stauffer, 1935.
Staufferella? sp.
Plate 1.7, figures 14-16
Multielement Taxonomy
Semiacontiodus sp. nov. Dzik, 1983, Fig. 3-3.
Staufferella sp. Bauer, 1987, Pl. 5, figs. 12-14.

Types and occurrence. Figured specimens GSC 98965,
symmetrical element, GSC loc. 102957; GSC 98966,
98967, asymmetrical element, GSC loc. 102957.

Diagnosis. The apparatus consists of one bilaterally
symmetrical and two variably asymmetrical hyaline
coniform elements. Surfaces have fine longitudinal
striations, basal cavities are fairly deep and bases are
generally subcircular in cross-section. The posterior face
of the symmetrical element contains a midline
longitudinal groove. Asymmetrical elements have variably
developed lateral carinae and a slight lateral twisting of
the distal portion of the cusp.

Description. The symmetrical element is gently recurved
and somewhat basally depressed. The anterior surface is
broadly rounded, forming symmetrical lateral costae that
taper both toward the cusp tip and the basal margin. No
prominent basal alae are developed. The posterior face is
broadly bicarinate, resulting in a distinct but neither wide
nor deep midline groove. The asymmetrical elements are
recurved to strongly recurved. Posterior and anterior
faces are variably rounded with distinct, generally
rounded lateral carinae. In at least one specimen, there
are no lateral carinae, and in another, one of the carinae
is not as rounded, forming a sharp edge along most of the
cusp. Basal and cross-sections of all elements are
subcircular.

Remarks. This apparatus is tentatively placed into
Staufferella on the basis of the rather deep basal cavities,
the longitudinal striations, and the hyaline nature of the
conodonts. Also, the few Hawkesbury specimens closely
resemble Bauer’s (1987) illustrations and description of
Staufferella sp. Sweet et al. (1975, p. 43, 44) stated that
the “bilaterally symmetrical elements of Staufferella are
distinctly depressed basally’> and have ““basally alate
lateral costae.”” The Hawkesbury specimens have only a
slight basal depression, and lack the basally alate lateral
costae.
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Genus Triangulodus van Wamel, 1974

Type species. Scandodus brevibasis (Sergeeva) sensu
Lindstrém, 1971,

Remarks. Bauer (1987, p. 30, 31) as well as Ethington and
Clark (1982, p. 109) extensively discussed the definition
and naming of this genus. Ethington and Clark (1982)
adapted Bradshaw’s (1969) Tripodus for a very similar
apparatus consisting of albid elements. The Triangulodus
apparatus, as discussed by Bauer (1987), however,
contains five coniform and hyaline conodonts. The
Hawkesbury specimens are hyaline and consequently
placed in Triangulodus.

Triangulodus alatus Dzik, 1976
Plate 1.7, figures 6, 7

Triangulodus (1) alatus Dzik, 1976, p. 422, Textfig. 20
f-k, PI. XLI, figs. 2-5.

Multielement Taxonomy

Eoneoprioniodus alatus (Dzik). Dzik, 1983, Fig. 6
(nos. 12, 13).

Triangulodus alatus Dzik. Bauer, 1987, Pl. 5, figs. 3, 4,
6, 9, 10.

Types and occurrence. Hypotypes GSC 98968,
scandodiform element, GSC loc. 102971; GSC 98969,
acontiodiform element, GSC loc. 102971; unfigured
hypotype GSC 98976, paltodiform element, GSC loc.
102971.

Remarks. The Hawkesbury specimens correspond well to
Bauer’s (1987) illustrations and description of
Triangulodus alatus. Only three of the five elements are
present in the form of the acontiodiform, scandodiform,
and paltodiform elements. The broad, basally elongate
costae are strongly developed and clearly defined in all
three elements.

Indet. trichonodelliform element
Plate 1.7, figure 18

Type and occurrence. Figured specimen GSC 98970,
trichonodelliform element, GSC loc. 102957.

Description. A slightly asymmetric trichonodelliform
element. The posterior process is broken such that neither
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the angle of that process with the anterior arch, nor the
presence of denticulation can be determined. The cusp
has two asymmetric, sharp margins extending tipward
from the anterolateral processes. There is also a low
carina extending across the posterior face of the cusp,
resulting in a twisted appearance. The margins and carina
distort the otherwise circular cross-section of the cusp.
Two denticles on each process are discrete and oval in
cross-section. The basal cavity forms a shallow groove
under the lateral processes, which expand as a conical
cavity beneath the cusp.

Remarks. This single specimen could probably be
assigned to a Plectodina apparatus.

Genus indeterminate
Plate 1.7, figure 17

Type and occurrence. Figured specimen GSC 98971,
ambalodiform element, GSC loc. 102957.

Remarks. A single, deeply excavated ambalodiform
element with a short, stout cusp and four variably
developed processes. The posterior, anterior, and outer
lateral processes are well developed, whereas the inner
lateral one is not. Only the anterior process has a ridge of
weak, uneven denticles. There is no evidence of the rest of
the apparatus. Such an ambalodiform element suggests an
Amorphognathus apparatus without other verifying
elements.

(7)New genus
Plate 1.7, figures 12, 13

Types and occurrence. Figured specimens GSC 98972,
GSC loc. 102971; GSC 98973, GSC loc. 102971;
unfigured specimens GSC 98974, GSC loc. 102963;
GSC 98975, GSC loc. 102971.

Description. Small angulate, symmetrical to slightly
asymmetrical chirognathiform elements. They differ
fundamentally from Chirogrnathus in their albid as
opposed to hyaline nature. Elements are palmate, with
denticles turned slightly inward. Excavation of the base is
shallow and expanded beneath the cusp as well as beneath
both processes. Cusp and denticles are discrete and oval
in cross-section. They are, however, broken in all
specimens with the exception of distal denticles on each
process, which are reduced, knob-like projections. White
matter is well developed in all denticles. The number of
denticles on processes vary from three each (including



knobs) on symmetrical elements, to three or four on
anterior and two or three on the posterior processes, to
almost complete reduction of denticles (to knobs) on the
posterior process.
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PLATE 1.1

Bryozoa

Figures 1-3, 9, 10. Batostoma chazyensis Ross

1, 2.

3,9, 10.

Tangential sections displaying abundant large acanthopores that frequently
produce petaloid zooecia, hypotypes GSC 91928, 91926, x40, GSC locs. 103041,
103042, middle (No. 2) and lower (No. 1) biostromes, west face of quarry.

Tangential section displaying only a few scattered acanthopores, x20, and
longitudinal sections displaying well spaced diaphragms, in zooecia, long
acanthopores in both immature (x20) and mature basal (x40) zones, and
mesozooecia with abundant diaphragms, hypotype GSC 91924, GSC loc. 102962,
middle (No.2) biostrome, north face of quarry.

Brachiopoda

Figures 4, 6. Mimella imperator (Billings)

Lateral and posterior views of an articulated specimen, hypotype GSC 91949, x1,
GSC loc. 103040, loose, south-central wall of quarry.

Figures 5, 7, 8. Mimella vulgaris (Raymond)

Lateral, posterior, and brachial views of a large articulated specimen, hypotype
GSC 91950, x2, same locality as figure 4.
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PLATE 1.2

Bryozoa

Figures 1-3, 10, 11. Batostoma chazyensis Ross

1, 2.

11.

Tangential section displaying large acanthopores and zooecia, and longitudinal
section with long acanthopores and variably spaced zooecial diaphragms,
hypotype GSC 91943, x40, GSC loc. 104404, 0.63 m below top of lower (No. 1)
biostrome, west face of quarry.

Longitudinal section of a multilaminate colony, x5, and tangential section
displaying smaller zooecia and acanthopores with solid centres, x40, hypotype
GSC 91919, GSC loc. 102959, lower (No. 1) biostrome, west face of quarry.

Longitudinal section displaying acanthopores of variable length, abundant
mesozooecia, and zooecia arising directly from basal attachment, hypotype GSC
91932, x40, GSC loc. 103040, loose, south-central wall of quarry.

Brachiopoda

Figures 4-9. Rostricellula raymondi Cooper

4, 5.
6-9.

Brachial and lateral views, hypotype GSC 95613, x2, same locality as figure 11.

Two anterior and two posterior views, brachial valve uppermost, hypotypes GSC
95614-95617, x2, GSC loc. 104414, loose, south-central face of quarry (figs. 6, 8),
and GSC loc. 104409, middle (No. 2) biostrome, west face of quarry (figs. 7, 9).
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PLATE 1.3

Bryozoa

Figures 1, 2, 11. Batostoma chazyensis Ross

Figures 3,

3.

10.

Figures 4,

5-7.

Longitudinal and tangential views of a colony entombing a lingulid. brachiopod
fragment, hypotype GSC 91925, x10, GSC loc. 102962, middle (No. 2) biostrome,
north face of quarry.

Longitudinal section of a multilayered (8) ramose colony alternating with
Champlainopora chazyensis (note large boring in upper left corner), x10, and
tangential section displaying oval zooecia and abundant mesozooecia and
acanthopores, x20, hypotype GSC 91945a, GSC loc. 104404, 0.63 m below top of
lower (No. 1) biost